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ABSTRACT 

Seventy landracc accessions nnd eleven genotypes were lIsed for morphologica l and ISSR 

divers ity study. The plant materials were grown in a simple latt ice design of two repl ications for 

morphological di vers ity s tudy at Sinana Agricult ural Research Center. Ten plants were selected 

randomly frolll each accession/genotype and marked before flowerin g. Morphological data were 

recorded from all selected plams on cleven trailS. DNA was ex tracted fro Ol a bulk sample of fi ve 

plants using a triple CTAB extraction technique . Molecular data were generated using lour ISS R 

primers. ANOVA of morphologica l data indicated significant differences among the plant 

materials. Estimmcs of phenotypic and genotypic coeffic ien ts o f vari ation showed wider 

variabili ty within and between the landrace popula tions and betwccn land races and exoti c 

genotypes for different morphological characters. Morpho logical d issim ilarity between the 

populations ranged from 0.05 19 to 0.73. Clustering anal ysis based on morphologi cal di ssimilarity 

matrix re vealed three groups wi th distinctive morphological traits. The wider phenotypic 

variability observed encourages improvement acti vities between the lentils. Molecu lar analysis, 

on the other hand, showed that exotic genotypes were more diverse compared to the landraces. 

Geneti c di versity with in the total landrace popula ti on (I-I r) was 0.1734. !-ligh AR-based geneti c 

diversity (0 . I 395 - 0.1039) was observed for samples from Gonder. Shewa and Well o. lI igh 

wi thin GR d ivers ity was obtained for samples from NEE and the least for those from SEE. Exotic 

genotypes were more di stantly related with samples frolll Tigray, Gojam and Shewa than to 

others. The genetic di stances between populations o f Ethiopian lentil land races ran ged from 

0.2284 - 0.0 12. Samples from CE were more d istantly related to samples of SEE. while the 

di stance between other GRs was relatively low. Es till1 ates of population difTerent iat ion and gene 

now were moderately hi gh ror ARs. On the other hand. GR-based population difTerentiation was 

low, whereas among GR gene flow was high relative to AR-based populati on di fferentiati on. 

AMOVA revealed higher within population variation than among population. Cluster analysis 

based on Dice's s imilarity coe fficient revealed three groups with di stinct molecular proliles both 

wi th and without exoti c genotypes. There were high ly s ignificant (p < 0.00 1) corre lations, r = 
0.45 and r = 0.26, between morphologica l and mo lecular distance matrices, respecti vely, of the 

entire plant materials and landraces separately. implying the validity or both methods for 

diversi ty study in lentil s. Observation of low \\ ith in ARlpopulation divers it y invi tes fu rther 

collection ac ti vities. while enriching populat ions with high genetic divers ity. 

IX 
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I. INTRODUCTION 

Len til bdongs to the genus Lells of the / 'icf!ue tribe in the Legulllllosoe (Fabaceae) famil ), . 

commonly known as the legume family. The genus consists of the spec ies: Leus culinaris 

Medikus, its progenitor L. oriellwlis (8ioss. ) Hand.·Maz .. L lIigricons (Ill. Bieb.) Grand., L. 

ervoides (Bring.) Grand .• L. odemensis Landiz., L. !amollei Czfranova. and L. [omell/oslls Landz. 

(Ladi zinsky e[ a/.. 1984; van Oss ef at .. 1987). The cultivated lentil. L. clIlinaris spp culil/{lris. 

has two varietal types: small seeded (lJIicruspermCl) and large seeded (mClcrospermll). The hnp loid 

genome size of the cultivated lentil is 4063 Mbp (AnlllHlganathan and Earle, 1991 ). Wild Lells 

species arc represen ted by L. clllillllris spp. orientalis . L. odemensis, L. nigriclIll and L. ervoides. 

All members of Lens arc se lf·pollinati ng diploids (2n = 2x = 14; Sharma el al.. 1995). All Lells 

species are annual herbaceous plants. 

The center of origin of L. culinoris is the Near East and the species was first domesticated in the 

Fertile Crescent around 700 BC (Zahary, 1972). Lentil first spread to the Nile from the Near East. 

to Central Europe and then to the Indian Subcontinent and the Mediterranean Basin by the end of 

the Bronze Age (Cubero. 198 1; 1984). Lenti l was one of the crops to be cultivated, with 

archeological ev idencc dat ing from the early Stone Age (Brookfield, 200 I: CFI A. 2003). 

Lentil is an important pulse crop grown widely throughout the Indian Subcontinent, Midd le East, 

Northern AFri ca. Southcrn Europe, North and South America. AlJstra lia (Ford and Taylor, 2003) 

and West Asia (Erskine. 1997). The major Icntil producing regions are Asia (58 % of the arca) 

and (he West Asia-North Africa rcgion (37 % of the acreage of developi ng countries). Lent il 

ranks seven th among grain legumes and is grown on over 3.5 million hectares in over 48 

countries wi th a total production of over 3 million metric tons (Erskine, 1998; CGIAR. 2005). 

In Ethiopia. lentil is predominantly grown for human consumption as a rich source of protein (23· 

24 %) (Addise and Asfaw. 1993) and. there fore , corrects important amino acid deficiencies of 

cereals when used in mixture with te c. wheat and barley. It is a cash crop fetching thc highest 

price in domestic market compared to all olher food legumes and cereals (GelcllI ef 01.. 1996). It 

is al so an importam export crop. although the varietal types (microspermo or small seeded) 

grown in Ethiopia are not much preferred in international market. The crop is generall y grown in 



rotation with cereals to break cerea l disease cycles and fi x at mospheric nitrogen, t!lUS reducing 

the demand of OIher cereal crops for nit rogen fe rtili zers. 

Ethiopia is one o f the major lent il produc ing count ries m the world and the first in Africa 

(FAOSTAT, 2006). Duri ng 2001102. le nt il was grown on 60. 120 hec tares with a total production 

of 384.1 x 10J Quintals. However. its average seed yield has remained very low. 0.64 tlha 

(CACC, 2002). The maj or reaso ns are the suscept ibil ity o f the landraccs to di seascs. the 

inherently low yield potent ia l o f the landraces and poor managemcnt prac tices (Ge/Clll and 

Yudela, J 994). The former two problems necessit ated introduction of lentil gcrmplasms from 

abroad in order to improve prod ucti on and producti vit y. Accordingly. ten improved varie ti es o f 

eXOlic origin were released for production in Ethiopia. Howcvcr. in the long run, these released 

varie ties o f narrow genetic base might lead to replacement o f the indigenous land races ul ti mate ly 

resulting in genetic erosion. Furthermore. because of the afo rement ioned problems. funners arc 

eager to replace lentil \\i th Illore rClllunera ti ve crops und hence exacerbating the threat of genetic 

erosion. Thi s might OCC ur in the ncar future because Ethiopian fanners are be ing encouraged or 

"urged" by the government to prac tice market. and profit·ori ented agri culture. 

Local populations o f trad itional Cll lt ivHrs provide a valuable resource for plant breedi ng as well as 

for the preservation o f genetic diversi ty (Kolli ker el af.. 2003). irrespecti ve of the prob lems 

mentioned in Ethiopian lelltil land races. The explorat ion. evaluation, and conservation ;1/ Si lll and 

ex situ of genetic divers ity in natura l popUlations is imperative to guarantee sustai nable 

de velopment (Nevo, 1998). Therefore. the enormous merits of the landraces coupled wit h the 

threat o f geneti c eros ion mentioned above indicates the im portance of diversity study in the 

landraces, which is important to know the leVel of variabil ity withi n the avai lable collections 

under conservation and to plHn future conservation practices of major priority. Genetic va ri ab il ity 

s tudy can be achieved by lIsing morpho logical tra its. molecular markers Or both . Phys iolog ical 

markers arc seldom used in divers ity study since they arc large ly in fluenced by envi ronmenta l 

condi ti ons. Among the available alterna ti ves. morphological trai ts and inter.simple sequence 

repeat (ISS R) marker were found to be sui table fo r lentil variabi lity study. 
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Vtlriability stud y based all morphological [milS is casy. fas l and least cost method, irrespecti ve of 

the large cll vironrncnlai influences. In additi on. to date. Ethiopian lentil landraec access ions <lrc 
. 

nOI exhausti vely characterized using morpho logica l trai ls. This might be due to their 

suscepti bility to va r ioliS d iscases. which may C(luse complele death o f the crop plant during heavy 

II1fC5l<1liol15. On the other hand. their susccpt ibiJi t) [0 diseases suggests the lISC of other 

alternati ve methods (mo lecular markers) to characteri ze the avail able genetic di versity. 

There are numerous J):-..r A-based rn olccular marker sys tems Ihm can be used for genetic di versity 

assessment. Some o f the most common ly used marker sys tems arl:! restricti on fragment Icng th 

polymorphism (RF LP). random amplifi cd po lymorphic DNA (RAPO). amplified fragment Icngth 

po lymorphism (AFLP) and simple sequcnce repeai (SS R) markers. each having it s O Wl) 

ad vantages and disadv:l rllagcs. Inter-s imple sequcnce repeat (lSS R) marker. a recentl y deve loped 

DNA-based molecular marker. in add itio n to ils suita bi lity to gene tic diversi ty study. is specific 

as compared to RA PD. highl y po lymorph ic. reproduci ble, cost effecti ve and requires no prior 

infonnation of the sequence (Bornet el al .. 2002). These facts suggest that ISSR could be an 

unbiased too l to eva luate the changes o f di vers ity in agronomica ll y imponant crops (Brantestam 

el a/.. 2004). To date. there is no in fo rm ation availa ble on the genetic di versity o f Ethiopian 

lenti ls using any of the molecular markers with the except ion of some studies done in other 

countries in which very small number o f Ethi opian land race accessions were included. 
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, 2. LITERAT UR E REVI EW 

2.1. Diversity: Its Importance :l lld Thrcat 

Knowledge of genet ic variation and relationsh ips between accessions or genotypes is im portant 

to understand the gene tic variabi lit y aV<lilablc and ils potent ial lise in breeding programs. to 

estimate any possible loss of geneti c di vers ity. 10 olTer evidence o f the evo lut io nary forces 

shaping the genotypic di versiti es. and to choose populations to be given priority for conservation 

(ThorJnann el at" J 994), 

Over several mill enni a. loca l constra ints have produced wide diversi ty within the lentil. resulting 

in a myriad of land races (Erskine. 1985), However. because of socia l and economic changes in 

the rcccni past, lentil culti vatio n has been progressively reduced resu lting in gene tic erosion. for 

instance in Italy ( Picrgiovan ni . 2000). Accord ing 10 the author. Icnti l cu lti vation is mainly 

confined to marginal lands. wherc a small num be r o f local populations are still culti va ted, but the 

s urviva l of the remaining popu lat ions is severely threatened because fanners arc eager to rep/ace 

lentil with more remunerative crops. 

2.2. Methods of Diversity Assessment 

2.2. 1. Morphological Me' hod 

Morphological traits were among the carliest markers used in gennplaslll management (S tan ton 

el 01. , 1994) but they have a number of limitations, including low polymorphism, low heritabil ity, 

late express ion. and vuln erability to environmental innucnces (S mi th and Smith, 1992). which in 

turn may affect the estimation of genetic relationships. However. if the traits are highl y heritable. 

morpho logica /markers arc one of the choices for di versity studies because the inheritance of the 

marker can be monitored visua ll y (Yoseph. 2005), Despite the problems assoc iated with thi s 

method , it continues to playa major ro le in stud ying and characterizi ng genllplaslll because it is 

easy. 110t coslY and rapid s ince it requires 110 complicated laboratory fac il iti es and procedures. 

2.2.2. MaleclI!:.lr Ma l'kc,'s 

Characterization of genetic resource co llecti ons has been great ly facilitated by the avai labil ity of 

a number of molecular marker systems. Differe l1t types o f mo lecul ar markers have been used to 

4 



assess thc gcnet ic diversity in crop species. but no si nglc technique is uni versa lly idea l. 

Thereforc. the choice of the technique depends on the objective of the study. sensi ti vity level of 

the marker system. financial constraillls. skill s and faci li ties available (Yoseph el al .. 2005). The 

molecular markers best sui ted for dctecting genotypic diversity should be relatively cnsy and 

incxpensive to use and should evolve rapid ly enough to be va ri able with in populations (Esselman 

et al .. 1999). 

In Ihe past, genetic di ve rs ity in spl!cies has typica ll y been Hsscsscd usi ng morphOlogica l, 

phys iologica l and biochcmicn l trait s. l lowever. since morphological and phys iological traits arc 

subject to envi ronmental innucnces. em phasis has been shifted to biochemical studi es (Moodie el 

al., 1997). In particular. allozyme anal ysis has been used to document genetic divers it y in a range 

of different species. However. allozymes m .. y underestimate genetic diversi ty (Esse lman el al .• 

1999). Recently, morc sens iti ve D A-based techniques hn vc becn deve loped to detect the genetic 

vari ation underlying morpho logicn l rmd phenologica l variation (Meek ins el 01 .. 200 1). 

Microsatclli tc or simple sequence repeat (S R). RA llO. and AFLP techniques have all been used 

to produce molecular markers for studies of gcnetic variation 31 thc population level (Wolf ;md 

Liston, 1998). All of these tcchniqucs arc use ful molecular tools: however. SS R markers require 

large monctary inpu ts to optimi ze protocols and purchase materia ls and equipmcnt, and RA PD 

markers Illay not always show enough variability to be useful and a f C not necessaril y 

reproducible, altho ugh it is qu ick, s implc and eOicicnt lcchniquc (Wolf and Liston, 1998). RFL P, 

apart from its advantage of being highl y rcproducible. is difficult (in find ing appropmlc probes). 

time consuming and requ ires huge investment (Karp el al. . [997). AFLPs have a high multiplex 

ratio. o ffering a distinct ive advantage when gcnome coverage is a major issue (Pej ic ef al., 1998), 

but limited by the num ber of steps required to produce results. requiremcnt of additional expenses 

and the necessity to use probes (Wolf and Liston. 1998). The relati vc adva ntages and 

di s..1dvantages of the mos t commonl y used molecular markers is summarized in Table 1. 

Another very recen tly de\'cloped molecular marker is the il1tcr·sim ple sequcnce repeat (lSS R) 

approach. This polymerase chnin reaction (PC R)-based technique uses single anonymous primers 

to produce markers fro m genomic DNA . Each primer is composed of di -. tri-. tetra- or penta­

nucleotide repcat s with one of the three additional nuclcOIides at the 5' or 3' end to serve as an 

5 



- -- -

Table I . Comparison o f the most commonl y used molecul ar markers 

Characteri stics RFLr s RA rDs AFLPs SSRs SNPs 

DNA req ui red (in ~lg) 10 0.02 0.5-1.0 0.05 0.05 

DNA qua lity High High Moderate ivloderate High 

PCR-based No Yes YI!S Yes Yes 

Level of po lymorphi sm High Moderatc High Very high High 

Ease o f lise Not casy Easy E,ts), Easy Easy 

Amenable to automatio n Low Moderate High High High 

Reproducibili ty High Unreliable ll igh High High 

Development cost Low Low Moderate High High 

Cost per ana lys is High Low Modcrate Low Low 

(Extracted from: Yoseph, 2005) 

anchorc (Gu pta el 01 .. 1994) to help prevent strand slippage du ring amplifi cation (Meeki ns et al .. 

2001). Identi ca l repeat sequences with difTerent anchoring seq uences can yield di ffe rent banding 

patterns (Wolf el al., 1998). These hypcrvariable nuclear ma rkers. like RA PO data. arc analyzed 

as dominant markers (Wolf and Liston. ll)\)~) . In contrast with other molecular techniques. [SSR 

markers are easy 10 usc, often have three- 10 fi ve-fold greater variabi lity than RA POs. and arc 

variab le for all plant groups (Meekins et al., 200 1). They can be used for systematic. molecular, 

eco logical, evolutionary and crop improvement studies (Tsumma ef al .. 1996; Fang and Roose, 

1997; Hollingsworth ef al., 1998; Esselman el al .. 1999). Most stud ies have ut ilized ISSRs to 

study geneti c di vers ity of germplaslll co llec tions and to differenti ate cll\tivars (Tsulllura ef al .. 

1996: Fang and Roose. 1997: agaoka and Ogihara. 1997). Popular it)' o f ISSR is now growi ng; 

ISS Rs arc alternat ive methods to isozymes and RAPOs in terms of populat ion geneti c studies 

(Meekins el 01 . . 200 I ). 

2.2.3. Sa nll>ling St ra tegy fo r 0 IA Extr~l ct i o li 

The value o f molec ular biology for monitoring the genetic status of germplasm co llections is 

subject to practica l lim itatio ns. The large number and Hlriab il it y o f accessions held usuall y 

di ctates the approac h that can be employed. A qu ick. simple but reli able molecular protoco l must 

be combined with an appro priate strategy for hand ling large sample sizes (Gilbert el al .. 1999). 
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Individual plant and bulk sampling are the two methods of sampling plants for DNA extraction. 

Analysis based on individual plant sampling requires a huge in vestmen t in tenns of time. labor 

and financial reso urces. Besides, it is hardly possible to analyze large number of gcnnp lasm 

using this sampli ng technique compared to the bulk approach. However. Ihe technique is 

advantageous in that it a llows the assessment of intra·accession dive rsi ty. Bulk ana lyses. on the 

contrary, arc economic and rapid. Hnd it is possible to estimate the ge neti c variab ility between 

accessions. whereas it is nol possible 10 obta in informHlion about thc genelic v;;l riabililY with in 

Hccessions (Fern{mdez el al . . 2002). Ilowcver. il can be argued thai bulk samp ling reduces the 

total genet ic diversity presenl in Ihe lOla I l>opulalio l1 since populations arc co ll ections of 

individuHls within each accession whose genetic vnfiation has been nullified by bulking/pooling. 

The number of individual plants bulked for the accessions is an imponant experimental fac tor 

whether the bulked analysis revealcd the genctic relationship between the accessions. Yang and 

Quiros (1993) found that bulked samples \.vith 10.20,30.40 and 50 individuals had resu lted in 

the same RAPD profiles as that of the individual plants const ituting the bulk sample. Hou e( al. 

(2005) used a minimum of 10 individuals for representi ng each barley accession and indicated 

thai bu lk nnnlysis ror RAPD and ISSR markers could successfull y be used to in vesti gate the 

genetic diversity in landraces and wild forms of barley. On the other hand. Gilbert ef al. ( 1999) 

reported Ihal pooli ng of DNA from individuals within accessions is the most appropriate stf(llegy 

for assessing large quantities of plant material. Band profllcs generated from DNA pools 

containing five indiv idua ls were fully representati ve of a ll constituent individuals uscd in thc 

mix. while pools comprising 10 or 20 individuals. however. sometimes failed to con tain minor 

bands that had been present only in the profile of onc individuHI (Gilbert ef (II.. 1999). However. 

the D A pooling technique is more cosily compared to Icaf sample bulking strategy s ince it 

requires extraction of DNA frolll each individ ual plants of the accession to be represented. 
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2.3. Dive rsity S tudies in Lentil 

2.3.1. Morp hological Diversity 

A wide ran ge of genetic variabi lity was reponed in lentil (Jain el al .. 1995: Chakraborty and 

Ilaque. 2000) fo r plant heigh! , number of branches per plant, biological yield, number of pods per 

plant , pod weight per plant. number of seeds per plant and harvest index. The genotypic and 

phenotypic variances were high for number of pods per plant follov.'cd by piant height (Rajput 

and Sarwnf. 1989). Fu rthermore, max imum coeffi cient of va ri ation \V[lS observed for seed yield 

per pla tH , number of pods and secondary branches per planl (Zaman c\ a1. 1989; Rakesh Ci al. 

1999; ' Ioi lva and Pereira. 1999). The highest magnitude of phenotypic variabi lity was observed 

for hundred seed weight. number or sccondary branchcs. pods per plant , biologica l yield per plant 

and sced yield pcr plant. whereas days to maturit). da) s to no\\ cring and plant height showed 

relatively lower estimates or phenotypic and genotypic va riability indicating liulc opport uni ty ro r 

se lection or these traits (Chauhan and Singh. 1998). Lower est imates o f coefficients of variation 

wcre repo rted ror days to maturity (Thakur and Banjpai , 1993). days to fl owering and plant 

height (S ingh and Singh. 199 1) in Icntil. Nevertheless, Rao and Yadav ( 1995) observed 

significant variabi li ty ror days to maturi ty, hundred secds wcight. biological yield. harvcst indcx 

and seed yield. 

Gelctu el al. ( 1996) repo rted consiste nt regional dirrerences among Et hiopian lenti llandraccs ror 

ti mc to nower and matu rity. 100-sced wcight. number o r seeds/pod and plant height using 156 

land race populations of lentil collec tcd rrolll 10 provinces of Ethiopia ror a SCI or 6 q uantitati ve 

traits at three s ites with cont rasting altitudc. Furt herm ore. they observed that Icntil o r the West 

Highlands were ea rly maturing and short . that of the NOl1h Highlands were large-secded. whereas 

lentil s from the Central Highlands were the least di stinctive group. 

2.3.2 . Molecular Divcrsil'y 

On the macro-geographical seale. previous studies sho\\ ed that lentil germplasm rrom the 

Mediterranean Basin is characterized by a hi gher ge netic d i\ ersi ty than the gcnnplnsm from 

South Asia, Ethiopia and the Americas (Erskine el til.. 1989. 1998: Echevcrrigarary el 01.. 1998: 

Ferguson el 01.. 1998). Little information is ava il able abou t diversity on the regional scale 

because only gennplasm frolll a rew countri es has been studied in delail (Gelett! el al.. 1996: 
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La7 ... aro et al .. 200 1). Sonnante and Pignone (200 1) observed from UP MA trees (generated by 

Jacca rd 's similarity matrices of RA PDs. microsatcllitc-primed peR and ISSR markers data) th31 

accessions of Ethiopia differcntiated the most from accessions of haly. Mediterranean rcgion and 

others. 

The presence of aliozYll1c varimion in lentil \\a s first reported by Skibi nski at al. (1984) who 

nssayed a collecti on o f len til ge rmplasm from lCA RDA for polymorphism of aspartate 

aminot ransferase (AA T) and detec tcd two nll ozymcs. Atll- " . ~Uld Alii_Is wit h gent! frequencies of 

0.5 1 and 0.49, respecti vely. Furthermore. Znmir and Lacli zinsky (1984) studied the geneti cs of 

a ll ozymc and found monogeni c inheritance wi th codolllinant expression for 6 isozyme loci. 

whereas alcohol dchydrogcnase (Adll-/) and malic enzyme (Me-I) showed di sturbed segregHt ion 

in one cross. Erskine and Muehlbaucr ( 199 1) made a survey o f qualitative genetic variation at 3 

morphologica l trait loci. 17 isozymc loc i and a putative isozyme locus (amylase) for 105 lentil (L. 

culillaris Medikus) gcrmplnslll acccssions from hile. Greecc and Turkey. They reportcd nc\\ 

alleles for Lap-I. Me-l. Pglll-c. Pglll -fJ and 6-Pgd-c. and the avcrage polymorphic loci proport ion 

of 0. 19 per population. with a range of 0 to 0.42 OWl' populations. 

Ford el a/. (1997) assessed the geneti c relationships bc[\\cen 16 accessions and cu li iv[lrs of lellt il 

in the Australian lentil breeding program us ing RAPD marker. They reported polymorphism in 

a ll lines with a maximum di ssimilarit y valuc of 0.36 indicat ing, according to them. a limited 

degrce o f gcnetic variation . Furthermore. othcr reports indicate that RAPD marker revealed low 

leve l o r intra·spec iric gene ti c variation in cult ivated len tils as compared to mOSI or the wild 

spec ies (Abo-elwafa el (II .. 1995: Ahmad et al.. 1996: Ferguson el a/.. 1998). 

Sodium dodecyl sui rate-po lyacrylamide gel electrophoresis (SDS- PAGE) of seed storage protei ns 

showed considerable genetic variation in Italian Icntil popu lations (Piergiov<lrmi and Taranto. 

2004). whereas RAllDs and rnicrosatcllite-primed PCR markers detected a relatively low genetic 

variation (Sonnantc and Pignonc. 200 1) in a study comprising mOSt accessions from halyand 

some from Mediterranean. Ethiopia and others. Similarly. de la Rosa and JOl1\{' (1992) and 

Alvarez el a/. (1997). observed a high geneti c diversit) in Spanish lentil populations by usi ng 

isozymes or SOS-PAGE of storage proteins. but a low polymorphism by using RA PDs. 
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Furthermore. Piergiovanni and Taranto (2004) reported that germplasms from dirrerent regions of 

Iialy exhibited Slrong simila rity and were grouped into Ihe S'lme cluster. which is. accord ing 10 

them. in agreement with the resu it s obtained using IS R markers by onnantc and Pignonc 

(2001). The authors explai ned that the similarity was Jllribll13ble to the in nuence of agricultural 

and horticultural practi ces of one regi n on the neighboring nreas. 

2.3.3. Comparison of Mo q "l hologic:11 :IlId Molecula r /Vhtrkcrs 

Picrgiovanni and Taranto (2004) reponed that the resul t from SJ)S· PAG E analysis agrees with 

that of the previolls agronomic studies in lentil. There \\ere no other add itional accessible 

literatures lIsing the combination of morphological tra its and an y of the molecular markers in 

lenti l. However. therefore . it is important 10 review simi lar works in other crops at le::lsllo have a 

landmark and 10 compare \-, ith the resuits of lenti l. Ilence. simi lar studies conducted in maize and 

ryegrass are summarized here . 

In studies conducted on Ethiopian tradi tional maize landrace accessions using morphological tllld 

molecular markers (AFLP and SR). there \\ cre significant corrclation between distance matrices 

of morphological data and the two marker s)stems (r :lO 0.39 and r · 0.43. respec ti vely ror AFLP 

and SSR; Yoseph el 01 .. 2005) indi crHing the agreement between morphological data and the two 

molcclIlnr markcr systems. Similarly. Bolafic et ai, (2005) working on 12 phenotypic characters 

of 22 perennial ryegrasses reported n correlation value of" r == 0. 10 between morphologica l and 

RAPD marker. In contrast. Roldan-Ruiz ef al. (2001) reported a correlation \lHlue or r = -0.06 

between morphological dnta (using 15 morphological traits) and AFLP marker in 16 ryegrass 

varieties. 
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3. OBJ ECTI VES 

111c major objectives of thi s thesis research were 10 study genetic variabil ity of Ethiopian lentil 

landracc accessions from the different ndminislmlivc regions (ARs) separatel y and in comparison 

to exotic genotypes using Illorphologicallrnils ::U1d IS 'R marker. 

The specific objec tives were: 

I . To study the morphological variabil ity and genetic diversity o f Ethiopian lentil landmce 

access ions compared to the c:xotic ge notypes. 

2. To estimate the level of genetic variabi lity and genetic structure within the toW I landraec 

populat ion. 

3. To compare the level of variabil ity within and between land race ]>opliJalions (A Rs), 

4. To compare the level of genetic variabi lity and determine the geneti c structure of wi thi n 

IJnd betwecn ELhi opian lentil landracc accessions based on geographica l (GR) 

classi fi cation of the ARs. 

5. To classiry/clustcr Icn til landmcc acccssions and exotic genotypes inlo groups based on 

both morphological trait s and molecul ar profiles. 

6. To assess the level of correlati on between phenotypic and gcnotypic di stances. 
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4. MAT ERIALS AND M ETHODS 

4. 1. Desc riptio n o f the Stud y A rea 

111c morphological part o f the present study was conducted aI Sinana Agricultural Research 

Center (SA RC). which is located at about 463 kill away from Add is Ababa in Southeastern 

Ethiopia. Bale Zone. It is 2400 meters above sea level. It has a bimodal rainfall pattern. The 

majo r r~l i ny season. called "Bona" ("'Meher" ), extends from AuguSt 10 December with an average 

monthly rainfa ll ranging from 18.1 mill (i n December) to 115 .9 mm (in September). The other 

rai n) season, call ed "Ganna" (" 'Oclg'"). ex tends frolll i'vlarch to July wi th average monthl y rai nfall 

ranging (rom 52.7 mill (in July) \0 100.4 mill (in April ). In the past 16 years. the total annual 

rainfall di stri but ion ranged from 534.9 mill to 1003.4 mill . while the average annual ra infa ll was 

about 752.4 mm. In general. ra infal l data of the speci fic growing season used for th is slUdy shows 

thm there was lower alllount of rainfall in thm parlieular season as compared to the average of 16 

years' data (Appendices I and 2). This neeessiuHed supplemelllal irrigat ion water. which was 

done twice before fl owering. 

The ave rage minimum and max imum Hnnual temperature of the study area wcre about 9.4 °c and 

21.2 °c. rcspective ly. in the past 16 years. The average annual mini mum tem peralLl rc varied from 

9.0 oC to 10.4 0c. whereas the minimu lll monthly temperalllrc varied from 7.6 °c (in December) 

to 10.4 °c (i n May). The average minimum monthly and yearly temperature was 9.4 0c. The 

max imum monthl y temperature of the specific growing season ranged from 20.2 °c to 22. 1 °c 
(Append ices 3 and 4). 

4.2 . Plal1l Ma terials 

Seeds (3g) of sevellly lent il landracc accessions collected from seven different ARs of Ethiopia 

were obt::lined from Institute of Biodiversity Conservat ion (I BC). Add is Ababa. Ethiopia. The 

ARs wcre Arsi. Bale, Gojam. Gonder. Shewa, Tigray and Wello. Each AR was considered as a 

population and ten samples collected from ten representative districts ("Worcda"s) were selected. 

In addi tion. ten re leased varieti es and one genO!ypc (candidatc varicty) of exO! ic ori gin obtai ned 

from Debre·Ziet Agricu ltu ra l Research Center (DZA RC: nine released vari eties) and SARC (one 

released and one candidate variety) \\ ere included in the s t lld~ (Tables 2 and 3). 
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Table 3. Exotic lenti l genotypes/improved varieties used in the studv , 

Pedi gree Local Name.' Origin Source Year of Type or 
release (E.C. ) variety 

------------ Chale\\' ICARDA DZA RC 1977 
------------ EL· 142 ----------- DZARC 1972 
ILL·60-27 Ada'a ICARDA DLARC 1987 

------------ Chckol ICARDA DZARC 1986 
ILL-88-3 X ILL-470 Gltdo ICARDA DZARC 1987 

------------ Tcslmlc ICARDA DZA RC 1986 
Released 

------------ R-186 ICARDA DZA RC 1972 

------------ Alcmuvu ICARDA DZA RC 1989 
---_.------- Alcm\c na ICARDA DZA RC 1986 
I LL-46-05 X ILL-25-78 Assano ICAR DA SARC 1994 
ILL-55-06 X ILL-55-82 FI.II'-88-3L ICARDA SARC ------- Candidate 

4.3. Ex perimental Setup nnd Sa mpling I)roccdurc 

The plan l lllatcrials were grown in a 9 x 9 simple lauice des ign in two repli cations of 0.62 m
2 

1'10 1 

s ize (2 rows of 1.55 III length spaced at 0.2 Ill ) during "Bona"I"Mchcr" (Aligust-December) 

Season. Randomization was done both within and between blocks. Seed rate was 65kg/ha as I>cr 

the recommendation fo r the area. No ferti lizer was applied. 

Fi ve individual plants were selected from each of the twO repli cations and marked just before 

flowering. Morphologica l data were collected from aillhe marked plants. n the other hand. onl y 

live of the ten marked plants selected at random from both repl ications were lIsed for molecular 

part of the study. 

4.4. Mo rphologica l Data 

Phenotypic data were recorded on days to flowering and maturi ty. plant hcight (cm). number of 

pods and seeds. hundred seed weight (g), seed ) icld (g). biomass. and num ber of primary and 

secondary branches. Harvest index was ca lculated as the rat io of biomass to seed yield (Append ix 

5 for definiti on of the agro-Jllorpho!ogical traits). 
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4.5. Molecular Dala 

The molecul ar part of the presen t study was conducted in the GC'l l-i search Laborator) of 

the Department of Biology. Addis Ababa University. Ethiopia . fA M it II 'II , ... -, .. 
A.B.UA UNIYsu, ,,, • 

"'laAa' B. 
4.5. 1. Leaf Sa mpling and DNA EX1 n lciioll 

Yo ung leaf samples were co llected separately from fi ve individual plants or each accession and 

genotype j ust be fore flowering and dried in si lica gcl. Approximately equal amounts of the 

silica-gel-dried leaf samples from the five planls of each accession and genotype were bulked for 

DNA ex traction . The bulked icaf sample or each accession/genol)'pe was ground in II clenll sterile 

mOrlar using q uartz sand and sterile pest le. 

Tota l genomIc DNA was isolated from the ground lear sample us ing a modified (2% 

cetyltrimethy lammoniumbromide (CTA B). 1% polyvin)lpyrro lidonc. lOa mM Tris (pH 8),20 

mM EDTA, 1.4 M NaCI) CTA B method. The isolation procedure was modified by introducing 

triple CTAB ex tract ions to yield optimal quantities or hi gh-qual it)' DNA rrom ti ssues with 

considerable amounts or secondary compounds that occur in many basal angiosperms {Dorsch el 

(II .. 2003). Th is protocol is modi fied rrom a rniniprep procedure described in Liang and I-lilu 

(1996) by Borsch el (II. (2003). About 0.2 g of the pulverized bulk sample of each access ion were 

incubated a t 65°C for )0 min with 700 ~d of CTA B. After cen trifuging and tra nsrerring the 

supe rnatant into a clean wbe. the some tissue was re-incubated twice with CTAB so lution. All 

three preparati ons were kept scparatc. The CTA B so lutions wcre then extnlctcd wit h chloroform 

twice, and the DNA was subsequentl y prec ipitated with ethanol. After separately re-suspending 

the pellcts rrom all extraction steps in TE. two cleani ng steps \\ere carried out : the first by adding 

one-half vo lume 7.5 M ammonium acetate and precipitating \\ lth 100 % etlmnal. and the second 

by adding one-hair vo lume) M sodium acetate and precipitating with ethanol. Genomic DNA 

frolll the second and thi rd extnlclions was usuall) clean enough to be direc tl y used for 

polymerase chain reactio n (PCR) amplification. 

4.5_2. Test Gel Electrophoresis and S tain in g 

Agarosc gel (0.98 %) was prepared for test gel electrophoresis b)' boiling 0 .98g agarose in 1001111 

o f IX T BE buffer. Electrophoresis was conducted in IX II3E bufrer lIs ing Agagel Midi -Wide 

17 



(Biollletra@. biomed. Analytik GmbH) gel tank. 2 pi genomic DNA per sample was loaded with 

6 ~d 2X loading dye. 4 ~d of 100 bp 0 A ladder (PEQLAI3 l3iolecilnologic mbl-I) was used 011 

each side of the gel as a marker. Electrophoresis was run at 80 V for about 1 hr. The resultant gel 

was visua lized by ethidium bromide staining. 

4.5.3. Selection and Dilutioll of DNA Ex tract 

The third ex tractions of most and the second extractions of some samples were selected fo r 

fu rther pe R ampl ification based on thc results of the test gel (F igure I as an example). Select ion 

of the extracts was based on DNA quantity (band intensity) and quality (absence of or presence 

of minimum smear). The selec ted genomic DNA samples werc di luted with stcril e di still ed w[\Ier 

in I:S rat io with the only except ion of DNA from sH ll lpie of Assano. which was di luted in I: 10 

ratio. The remaining concentrated genomic DNA W:.IS maintained m .20
0 

. Dilution ratio was 

estimated based on the intensity of the test gel bands where 1110n: intense bands were assumed to 

reveal high DNA concentration. 

Figure I. Test gel of dil uted genomic DNA samples ~~ the s~\ected c~Xlracts of 79 lentil plant 
materials (with the exception of Ace 22 1790. Ace 2199).) and I· L11)-88·.)L) . 

........ _""/ 



4.5.4. I>CR Amplification and ElcctrophOI'csis 

4.5.4.1. pe R Reaction Components :md Profiles 

PCR reacti on components opt imized for ISSR molecular genot)'ping in coffee (Govers cl 0/ .. in 

press) was tested and produced a good banding pattern in lentil (Figures 2-5) and thcrefore. wns 

adopted. The optimum reaction componcnts wcre 16. 7 ~d d1l20. 250 ~tM of each dATI). dGTP. 

dCTP and dTTi>. 2.6 ).1I lOX Toq buffer 1 U Taq polymerasc. 0 .23 ~IM primcr and I ).II of 

template DNA. The fina l reaction vol ume per samplc was 26).11 (dNTI)s, Taq buffer, 1'(1(/ 

polymerase and ISSR primers were purchased from PEQLA13 lJo itechnologie Gmbll. Germany). 

Similarl y, the peR amplification profilcs o f Govers ci al. (in press) were tested and produced 

good results in lentil and hence were adopted. The amplifi cation cond it ions were SCI as: ini tial 

denaturing at 94°C for 4 minutes followed by 40 cyc les of 94°C for 15 s. 45/480e for I min . and 

720e for 1 min and 30 s and ended with an elongation phase of n Oe for 7 min. The lid 

temperature was held at 105 °C. The amplified PCR products were stored at 4°C. PCR 

amplification was performed with Biomctra® T3 themlorecyclcr. 

4.5.4.2. Primer Screening 

12 ISSR primers (PEQLAB Biotechnologic. Germany) n:uned 8 10. 812. 814. 818, 824, 834 . 835. 

836. 844, 873, 880, and 881 were se lected based on previous experimental results in lenlil (Ford 

el al., 2003; Kahraman el aJ.. 2004) and other related legullle species such as common berlll (de ]a 

Cruz ef 01., 2004; Oozil lez el al.. 2005). Ammop;plallflllls (Oe ef 01 .. 2005) und chickpea 

(Flandez-Galvez et aI. , 2003). Their sequence. % GC content, melting and an nealing 

temperatures recommended by the producing fac tory were presented in Table 4. These primers 

were screened for the amplili calion of unambiguously visible and polymorphic I SR bands 

( ISSR markers) on some representative accessions and genotypes in lentil. Among the 12 primers 

screened, 812. 818. 835 and 88 1 produced unambiguously \'isible polymorhic bands/loci. und 

hence were used for further ISSR analysis. The representati ve pictures of each ISSR primcr 

se lected are shown in Figurcs 2-5. 
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4.5.4.3. ISSR-PCll Product Gel Eleclrollhorcsis 

Gel electrophores is of the ISSR-PCR product was conducted and visualiz.ed in a similar W3) for 

the test ge l but with 1.67 % agarose gcl concentrat ion. 9 ,.d of IS R-P R product and 2 pi 6X 

load ing dye wh ile electrophoresis was run at [00 V for ncarly Illr and 40 min utes (Figures 2-5 
for representative gel pictures) . 

4.6. Da ta Analys is 

4.6. 1. Mo rphological Da hl Analys is 

4.6. 1. 1. Analys is of Yariance (ANOYA) 

Analysis of variance (ANOVA) was conductcd lor all metric charactcrs according to Gomel: nnd 

Gomez ( 1984) using MSTATC (Freed, [989) computer sonwarc. Funhcrrnorc. signifi cnncc of 

the variation between treatments due to harvcst index was detcrmined by chi -sqll fl rc teM using 

SPSS (SPSS Inc ., 1999) computer software. 

4.6. 1.2. Es tima tion of Phcnoty pic and GC fl otYll ic V:l r ia ll ccs 

The ex tent of phenotypic and genotypic variabi li ty of thc cxperimcnwi materia ls in the 

morphological traits measured in tcnns of phenotypic and genot ypic cvefficicnt!t of vMiulion 

(!lCV and GCV. respectively) was estimated from the ANOVA table according 10 I3l1rtoll and de 

Va ne (1953): 

f,5l; 
PCV =~x 100. and 

x 

f,5l; 
GCV =~ x 100 , where. 

x 
J02 I' is the square root of the phenotypic variance. ~ is the 

square root of the genotypic variance and ; is the avcrage value of character x. 
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4.6. 1.3. Euclidian I)istance and Clustering Analysis 

Eucl idian di stance (EI) = 11) xl
, - x ... }! . \\ here x~, and XI~' respectively. denoted the klh \ ariable 

VI-I 
on accession/genotype or population i and j. and n represent the number o f traits: Rohlf. 2004) 

between the landrace populations and exotic genotypes were calculalcd from Ihe log transformed 

and standardized trait mean values (mean of each trait was subtracted from the datn values and 

the result divided by the maximulll value o f the trait ) ove r each population llsing NTSYSpc 

Version 2. 11 T (Rohl f. 2004) software , Similarl y, the log-transfo nncd and standardil.cd 

twit mean va lues over each accession/genotype were used to perform cluster anal ysis with the 

same software. To group the plant materi als based on morphological d issimilarity. cluster 

ana lysis was conducted on the Euclidian distance matrix with Unweighted Pllir Group Method 

based on Arithmetic Averages (UPGMA) procedure o f the Sequen ti .. !. f\ ggIOlllel11 ti ve. 

lIi erarchical and Nested (SA l-IN) clustering methods (Snetlth and Sokal. 1973) wilh 

NTS YSpc2.1. 

4.6.2. Molecular Data An ~dys i s 

All of the statistical parameters were analyzed by grouping the experimental materials in four 

ways, The first analys is considered landraee populati ons (A Rs) and exotic genotypes to compare 

exotic genotypes against the landmce popul :ltions. The second round of analys is compared the 

entire landraces as a single population against released vari eties (exotic genotypes). The third 

level of analysis considered the landraee popu lati ons CARs) independen tl y to compute the level of 

ge netic variability among and within the populations (A Rs) , And finally. the rourth analysis was 

conducted by group ing the land race accessions into four geographical regions (GRs) based on 

proximity of the ARs to one another. 

4.6.2.1. Scoring Bands 
ISSR profiles were scored manuall y for each indiv idual as discrete characters (presence (I) or 

absence (0) of the amplified products), Onl) bands that cou ld be unambiguously scored across all 

the sampled populations were lIsed in this study. 
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4.6.2.2. Genetic Diversity Analys is 

Like RA I>O. ISS Rs arc usually dominant markers. so onl ), the presence or absence 0 an allelc 

can be delemlined. The assumption thererore has to be made Ihal each band positi n corresponds 

to a locus with two alleles represented b)' the prescnce or absence o f a band (po\\cll el 0/. 1996) 

and that each ind ivid ual is homozygous. a val id assumption ror a hi ghl y inbreed ing species. such 

as Lens spec ies (Ferguson ef 0/ . . 1998). Geneti c diversity parameters were detennined ror each 

population and/or gro up or accessions on those amplification producLS that could be reliabl y 

scorcd across all the poputnlions, 

Geneti c dive rsi ty measured by the percentage orpotYlllorphic bands (P: the ratio orlhe number of 

polymorphic bands to the total num ber of bands surveyed). mean ei' s gene diversit), (II : Nci. 

1973. 1978: fomlula given below), genct ic di stance (Nei. 1972, 1978; fOMllUla givcn be l w), 

coefficient or gene d ifrerentiat ion (Gst "" D~rlI-1 r : Nci. 1973) and gene no\.\ estimutes (Nm - ft . 
Gstl/4Gst; McDermott and McDona ld . 1993) wcre com puled \\ilb POPGENE vcr 1.32 (Yeh el 

01 .. 2000) computer software. The assumption of llardy·Weignbcrg equi librium bui ll in softwares 

for populat ion genetic analysis holds for outcrossing species. However. since lelltil is a 

completely sel f·pollinated species. all the loci arc expected to be homol.)'gous and hence the 

assumptio n does nOl hold for lentil. Therefore, the problem was taken care of by anal yz.ing the 

ISS R data using the haploid option of POPGENE. 

Nei's (1973) gene di vers ity in the tota l population is defined as: fir'" / - ,Jr. where .Ir is the gene 

identi ty in the total poputation. When analyzed into the gene di\ersities within and betwcen 

subpopulat ions, the formula takes thc form : I-Ir = H'i + Orr. where H<; and Dsr. respecti vely. urc 

the average gene diversity wi thin subpopulalions and among subpo pulmions. 

Nei' s (1972) original measure of genetic distance is defi ned as: D = ·lo~J. where D stands for 

Nie (1972) genetic d istance between a randoml y mating diploid populations X and Y: I defined 

as J 0;:: JXI' / J J \.J ) is the nomlal ized identity of genes between X and V: and J ,(. Jy and lxy arc 

the arithmetic means of j x, j y and jXY. respectively. \\hi ch in tum are the prob.1bili ties of identi ty 

o f two randomly chosen genes in population X, Yand J. rcspccli\'cl~ . jx. " andjxy. rcspccli\icl ) 

aredefi ncd asjx = L X,2 .jy = L y,l ,andjxY ::: L x,y,. 
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The unbiased estimate of D (Nei, 1978) is given as', 0 1 I G I - n 11 

arc the unbiased estimates of Jx and Jy given above. 

4.6.2.3. Genetic Str ucture 

4.6.2.3.1. Ana lys is of Molecu la r V:ui:lll cc (AM OVA) 

The interpretat ion of allele (ISS R fragment) frequency data of dominnnt mnrkers must be 

approached with caution, because statisli cnl methods arc based on nssumplions of liardy­

Weinberg equilibrium (Lynch and Mill igan, 1994). In Ihis study, the non-parnlllciric nnulysis of 

molecular variance (AM OVA). based on the anal ysis of pairwise geneti c di stances (lZxcoffi cr Itt 

01., 1992) was used to estimate variance components fo r the ISSR phenotypes usi ng Arlcquin vcr 

3.01 (Excoffier et al., 2006) computer software to describe the geneti c structurc at AR and GR 

leve l. Th is method provides an estimatc of the fraction ofbctwcen populati on diversity (PS!) nnd 

population speci fic FST ind ices of Weir and I-lill (2002). Variation was partilioncd among 

individuals (wi thin ARs), among ARs. among ARs wi th in GRs. and among GRs. The resulting 

coefficients of subdivision (for GR-bascd anal ysis). PST. PSc. and PCT nrc analogous to 

Wright' s ( 1951) F-statisti cs (Fst). The significance of these F-stati sti c analogues was tested by 

1000 random pennutations. 

4.6.2.3.2. C lustering Analys is 

The level of geneti c similarity was determined using Dicc's simi larity coeffi cient (Dice. \945) 

with NTS YSpc ver 2.1 computcr software. A dendrogram was constnlcled based on the similarity 

matrix using UPGMA procedure of the SA liN methods ( neath and okal, 1973) wilh 

NTSYSpc2. 1. The goodness of fit of clustering to the data set was tested using T Y pe2.1. In 

this case, the co-phenetic matrix generated from the UPGMA tree was compared with the 

si milari ty matrix from which the tree has been produced. 

4.6.3. CO ITclatioll of Morphological and Mo lecular Dislances 

The relat ionships between the Euclidian distance mmrix based on morphological data and gcnctic 

I, , ' (N' 197') Ob'"""Cd with I SR marker were analyzed using the approach 
(IS ance matnx CI. J " 

deve loped by Mantel (1967) with Arlcquin vcr 3.01 computer soflwarc. 
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5. RESULTS 

5. 1. Morphologic'l ! V'lriability 

5.1.1. Ana lysis of Va riance (AN OVA) 

Analys is of variance showed hi ghly significullt (p < 0.0 1) \arialion between the lentil pi,,", 

material s used (land race accessions and exotic genotypes) for all the trailS Illcasur\..'d. 

Furthermore, there was also significant (p < 0.05) varimion between treatlllents in plant height 

Crable 5). 

5.1.2. Phenotypic and Genotypic Coefficients of V:l rial iOIl 

T he re was a w ide va riation between all the lenti l material s evaluated and landraces separately 

with respect to tbe average of each <lgro-morphological trai l mensurcd. The average 

morphologica l per formance of the enti re plant material s for the measured characters is given in 

Appendix 6. 

Consideri ng the whole experi mental plant materials. number of secondary branches per plnnt , 

number of seeds per plant. seed yield. biomass. hundrcd seed weight and number of pods per 

plant showed very high phenotypic and genot) pic variations. ModcralCly high phcnotypic and 

genotypic variations were obtained for number of primary branches per plant. On thc other hand. 

a relatively smaller PCV and GCV values were obwillcd for plant height and days to nowcring 

and maturity (Tab le 6). 

Ind igenous lenti l land raccs of Ethiopia expressed bener mean va lues and wider phenotypic 

variation in important yield parameters such as number of secondary branches per plant. number 

of pods and seeds per plant as compared to exotic genotypes. Furthemlorc . they sho" .. cd wider 

PCV for biomass and seed yield compared to exotic genotypes. n the contmry. exotic lentil 

genotypes showed a wider phenotypic variation for hundred seed \ ... eight. days to Oo\\cring and 

maturity. Furthermore. exotic genotypes were phcnotypicall) slightly more \'ariable as compared 

to the land race accessions fo r plant height and number of primary branches per plant. There wa!; 

very narrow phenotypic variation in Ethiopian lentil landrace accessions for da)s to maturit~ 

(Table 7). 
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Considering the samples from different ARs as an independent populalion. smnplts frolll ojul11 

showed better phenotypic variation for days to flowering. and nUlIurit)' and hundred seed \\eight 

Samples from Gonder showed wider phenotypic variation for plant height. number of pods per 

plant. biomass and seed yield. Samples from Tigray, Arsi. Wella and Gonder showed wider and 

better phenol),pic variation for number of secondary branches per plant. ul11 ples from Bille had 

the highest phenotypic variation for num ber of prim'lr) branches per plant. Samples from Wella. 

Arsi. Gonder and Bale were characterized by high phenotypic variation for number of secondary 

branches per plant. Samples from Gonder. Bale and Arsi showed wider phenotypic vnrinlion for 

ll umber of seeds per pla nt. Samples from Wello. Bah.:. Gonder and Arsi were churacterized by 

high average values for number of primary and secondary brunches. pods. seeds. biolll[lss and 

seed yield per plant. Samples from Tigray. Gonder and Wello " .. ere ch:tr:lCICriLcd by higher seed 

size on average basis (Table 8). 

Table 6. Summary statistics of the agro-morphological traits mcasurcd in Ethiopian landracc 

accessions and exoti c genotypes (improved varieties) 

Traits Mean Range iii' pcv Ii ' Jo' , GCV , 
Days to flowering 66.10 32.50 4.45 6.74 14.06 3.75 5.68 

Days to maturity 111.1 6 50.00 6.46 5.81 26. 11 5. 11 4.59 

Plant height (cm) 29.28 21.90 3.23 11.02 2.07 1.44 4.90 

Number of primary branches 7.8 1 14.50 1.63 20.86 0.81 0.9 11.52 

Number of secondary branches 7.91 29.83 5.23 66.09 7.73 2.78 35. 14 

Number of pods per plant 105.64 269.20 40.67 38.50 599.27 24.4 8 23.17 

Number of seeds per plant 149. 19 419.40 68.32 45.79 1979.36 44.49 29.82 

I-Iundred seed weight (g) 2.60 3. 11 0.53 20.52 0.23 0.48 18.64 

9.28 18.96 3.27 39. 11 4.58 2. 14 25.59 
Biomass (g) 

3.89 9.23 1.59 40.96 0.72 0.85 21.89 
Seed yield (g) per plant 

5.1.3. Euclidian Distances 
The Euclidian di stance calculated from thc log-transfomlcd and standardized 3\Crngc 

. f I d'ff AR based IlOpul[ll ions of landrnces and exotic genot)pcs is morphological data 0 t lC IJ lerelll -
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Table 7. Comparison of lentil landrac . . h . c accessIOns WII Impro\cd varieties/genotypes l1aSt.-d on 

mean. range and pev of the measured agro-morphological troits 

Types of Statistical DTF DTM PII NPO NSO NP NS HSW ()101ll Sy 

lentils parameter 

Mean 65.50 11 0.09 29.03 1.89 78' 108 76 156 II 2,47 841 390 

Range 17.50 16.00 17.00 14 .20 29.50 264 00 40260 18' 1896 9.23 
Lnndraces 

.ff 3.36 2. 19 3.01 1.59 5.27 40.48 6913 0.27 119 166 

rev 5.13 1.99 IOJ8 20.09 67 .18 )7.22 44 .28 11.10 4022 42.43 

Mean 69.92 123.7 30.97 7.12 844 82 .2 1 103.56 3.S2 1463 70' 

Exotic Range 28.00 48.00 16.30 6.70 1983 102 lS600 289 966 463 

genotypes .ff 7.72 15.87 4.05 1.76 5.15 30 , 42 .78 092 2.3 I 112 

rev 11.05 13.4 1 13.09 24 .75 60.97 3698 4 1.3 1 2607 290 1 29 29 

DTF Days to nowering, DTM = Days to m31uril • Pli o:: Plant hci ' \11. NPO - Number of y 

primary branch per plant, NSB = Number of secondary branch per plant. I) umber of pods 

per plant . NS = Number o f seeds per plant, H \V ... I lund red seed wciglu . Biom - Oiomn s, SY 

seed yield per plant. J82 = Standard deviation 

presented in Table 9. EXOIic ge notypes \\ crc morC distantly rclmed 10 samph:~ from I igm) 

(0.7300). Gojam (0.5806), Shewa (0.5454) and IIrsi (0.5440). Considering lhe landmce 

populations separately (Table! 0). samples from Tigray were more distUluly related to samples of 

Wello (0.6 123) and Bale (0.5385). In general. samples from Tigray followed by those from 

Wel lo showed the highest Euclidian dislal1cC from nil 01 her popUlations as compared to lhe 

distances of other pair-wise populat ion combinations. 

5. 1.4. C lustering Analysis 
A dendrogram generated from the standardized morphological dala on Euclidian distance nmlri'! 

(of both indigenous land race accessions and exotic genotypes) is presented in Figure 6. The 

UPGMA c luster anal ysis classi fied the enti re cxpcrilllcntalmaterials into twO major clusters. One 

of the majo r clusters (cl uster II ) comprised most SRmples from Wello (8). some from Bale (4). 

some from Arsi (3), Gonder (2) and Gojam ( I) in which Chekol \\:15 included from exotic 

genotypes. The other major cluster (cluster I). comprised all the rest of the c)"penmcntal plant 

II 



material s. in which all samples from Tigray and Shewn. 9 exotic genotypes. and most samples 

from Gojam (9). Gonder (8), Arsi (7) and Bale (6) were included. Iuslcr I further ~ubdh iJcd 

into twO subc1usters. One of thc subcluslers (subcluster Iz) compri sed most of the samples from 

Tigray (9). Gojam (3), Gonder (3). Arsi (2). exotic genotypes (2) and Oale ( I). In the olher 

subcluster (subcluster Ill . most samples from Shewn (6). Goj mn (6). exotic genotypes (6) nnd 

some from Gonder (4) , Bale (4). Arsi (3) and Wello (2) were included. The result indicated that 

samples from Arsi , and Gonder were found dispersed wi thin the Ihree distinct groups lind did nOI 

tend to form a di stinct cluster or subcluster. 

Clustering conducted on the landraccs using the standardized morphological datu n Euclidian 

di ssimilarity matrix: with UPGMA method produced IWO major clusters. One of Ih t.: major 

clusters (c luster II) comprised most samples from Tigray (10). hewa (10) Gojarn (9) and Gonder 

(3). Wello (8) and some frolll Bale (4). Gonder (3). and Arsi ( I). No smnples from Shcwn (lnd 

Tigray were grouped into cluster II. The other major clustcr (cluster I) comprised all thc rcst of 

the samples: all samples from Tigray and Shcwn, mosl samples rrom Arsi (9). Gonder (7), Ollie 

(6) and some samples from Wello (2). This major cluster was further subdivided into subcluSlc rs. 

The second subcluster (I l ) comprised mOSI samples from Tigray (8) and some from Shc\\(1 (3). 

Gonder (2), Gojam (2) and Ars i ( I). Most samples rrom Gojom (8). J\rsi (8). Shewn (7), Unl' (6). 

Gonder (5) and some frolll Wello (2) and Tigray (I) formed the olher subcluster. Similar 

grouping was observed for population based clustering anal ysis (Figure 8). 

The correlations between cophenelic values generated frolll the UPGMA tree and Euclidian 

di stance matrices were r = 0.81 and r = 0.72. rcsl)Cclivc\)' for the entire plam materials nnd the 

landraces separately. 

5.2. Molecula r Diversity 

5.2. 1. Genetic Diversity 
. . ISSR . rs '", this slUd\ \\3S \CI) reproducible BeroS 

The DNA amplification pattern usmg prtme ~ 

I b I
, 80 D A samples The rour ISSR primm amplified 56 scornb\C 

gc s ased on the resu IS lrom I· . 

bands. Nine or the tota l bands scored were unique to "otic lentil genotypes. Primer I~. 81 • 

835 and 881 produced 14. I~. 13. and 15 bands. rcspcctive\) . 
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Table 8. Population based summary statistics of the agro-morphological trai ts measured In 

Ethiopian land race accessions 

Popu lation Statistical DTF DTM 1)11 NI'B NSO Nil NSP IISW Blom SV 
naramcter 
Mean 66.25 110.50 28.22 7.79 8 56 10786 16099 2.27 801 3.69 
Range 10.00 4.00 10.20 5.60 18.50 157.30 25).40 0.56 12.9·1 637 

Arsi fJ' 2.85 1.10 3.05 1.42 5.45 44.65 71144 0,14 328 1.7 t 

rev 4.3 1 1.00 10.81 18.24 63.66 41.39 46.24 6.33 4095 46.37 
Mean 64.98 109.20 29.86 8.93 9.90 127.57 189.91 2.35 973 4 57 
Range 11.00 5.00 7.80 13.40 19 17 153 .20 379.20 0.79 18.23 8.73 

l3ale fJ' 2.79 U S 2.01 2.73 5 69 "69 1 92.25 0.18 4 58 2. 19 

pev 4.30 1. 17 6.72 30.59 57.46 36.77 48 57 7.56 47.0-1 48.06 
Mean 66.13 111.60 28.61 1.77 6.53 96.63 130.81 2.49 7.30 3.33 
Range 11.50 16.00 12.80 4.60 11 .50 60.80 92.60 158 491 2.76 

Gojam fJ' 5.03 3.89 3.09 1.05 2 81 17.43 23 .42 0 39 1.29 0.67 

rev 7.60 3.48 10.76 13.52 43.09 lUM 11.90 15.54 17.73 20.19 

Mean 65.84 110.30 29.10 8.03 8.03 11 163 16019 2.58 888 4 16 

Range 13.61 7.00 13.60 4.00 18 50 255 80 401 20 092 1866 894 
Gonder fJ' 3.81 1.84 3.20 106 ~1 . 73 54.22 8926 02) 4.37 2 06 

rev 5.88 1.67 11.01 13 .21 58.96 48.58 55.72 903 49.22 49.4 3 

Mean 64.59 109.40 27.56 7.72 6 89 100.02 139.3 1 2.47 7.93 3.51 

Range 11.00 8.00 9.40 4.00 8.83 77.80 142.60 0.79 9.56 362 

Shewa fJ' 2.92 2.06 2.12 0.96 2.30 22.22 3<1.82 0.24 2 20 0 92 

rev 4.53 1.89 7.68 12.42 33.H 22.21 24 99 9.19 27.79 2633 

Mean 65. 11 11 0.30 28.35 6.18 4.08 81 .88 110.74 2.59 6.25 2 .92 

Range 10.00 1.00 10.00 5.40 9.83 72.00 9180 1.02 5 05 2.42 

Tigray fJ' 2.68 1.66 2.71 1.22 2 00 17.95 26 76 0 29 148 0 70 

rev 4.12 1.50 9.76 18.03 49.13 21.92 24.16 11.04 23 62 23 .91 

Mean 65.58 109.30 31.43 8.2 1 10.92 1J5.7I 200.71 2.52 10.96 5.13 

Rangc 9.00 6.00 12.00 5.20 27.17 1)5 80 222.00 0.99 10.1J 5 81 

Wel10 fJ' 2.86 1.42 3.28 1.28 8 29 3993 63.07 0.25 3 03 161 

rev 4.36 1.30 10.45 15.63 75.89 29 42 J I 41 9 88 27 .66 31 .39 

• • • . ' , .. mber f rima bnlnch r 13nl. 
DTF ~ Days to flo wenng. OTM .. D:l)'s to maturity. I II I lant height. NI 0 Nu 0 P ry pc P 

NSB .. Number of secondary branch per plant, NP - Number of pods per plant. NS" Number of scc<U pc=r plant. 

HSW = Hundred seed weight. Oiom '" Biomass. SY .. seed yield per planl: 

8 2 
.. Slandard deviation 

35 



Table 9. Euclidian distance between lentilla ld . I race pop II d < II allons an CXOIIC genotypes 

Population Arsi Ba le Exotic Goiam Gonder Shewa Tigruy Wello 

genotypes 

Arsi 0.0000 

Bale 0. 1677 0.0000 

Exotic genotypes 0.5440 0.4445 0.0000 

Gojam 0.1552 0.286 1 0.5806 0.0000 

Gonder 0.133 7 0. 1460 0.4369 0.17 13 0.0000 

Shewn 0.1 199 0.2422 0.5454 0.05 19 0.1287 0.0000 

Tigray 0.373 1 0.5030 0.7300 0.2284 0.3769 0.2682 0.0000 

Wella 0.2570 0. 1 Jl5 0.3548 0.3613 0.1960 OJ 159 0.5689 0.0000 

Table 10. Euclidian distance between lentil land race populations of Flhiopio -
Arsi Bale Gojalll Gonder Shewn Tigruy Wella 

Arsi 0.0000 

Bale 0. 1874 0.0000 

Gojam 0.1 725 0.3 133 0.0000 

Gonder 0.166 1 0. 1644 0. 1925 0.0000 

Shewn 0.1 343 0.2635 0.0576 0. 1457 0.0000 

Tigray 0.3974 0.5385 0.2381 0.4029 0.2830 0.0000 

Wella 0.2952 0.1318 0.3982 0.2 137 0.3473 0.6123 0.0000 

The size of the fragments ranged from 280 to 1400 bp for 81 2. 350 to 1800 bp (although ani) 500 

to 1500 bp were scorabJe) for 818. 300 to 2200 bp for 835 (although only 550 to 1500 bp could 

be scored) and 790 to 3500 bp for 88 1. 

On the other hand. only 47 bands were generated lIsing the four IS R primers in Ethi pian lentil 

land race accessions. Primer 812, 818. 835 and 881 produced 13. 9. 12 and 15 bands. respect!\ ely. 
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No unique bands were observed for the landraces. Furthcnnore. no population (A!;t)-specific 

bands were observed. 

5.2. 1. 1. Poly m o r'phie L oc i 

Exoti c geno types, when compared to Ethiopian lelllil landlilce accessio ns. both 3S a Single and 

mUltiple po pUlations, showed more polymorphic (73.21 %) bands. Low numbers ofpol)'Olorphic 

loc i, ranging from 10 ( 17.86 %) for Arsi and Tigray I 17 (30.36 %) for samples from Gonder 

was obse rved fo r the land races as a single populmion (ARs) compared to exoti c genotypes. The 

total landrace population (considered as a single large populm ion) produced 29 (51.79 %) 

polymorphic bands/loci as compared to exotic genotypes (ruble II ). 

On the other hand, when samples from different ARs were considered as independellt 

populations, the highest number of polymorphic loc i \\as obtai ned for samples from Gonder ( 17; 

30.36 %), fo llowed by samples from Wello (16; 28.57 %) and Shewn (15; 26.79 %), whi le 

samples from Ars i and T igray produced the least number of po lymorphi c loci (10; 17.86 %; 

Table I I). There were 29 (5 1.79 %) polymorphic loci across the landrace populations. 

Furthermore . grouping the landrace accessions into geographical regions (GRs) revealed thnt 

samples from NEE were more polymorphic (25 bands: 53.97 %). fo l1 owed by samples from 

NWE (22 bands; 46.81 %), while samples from CE ( IS bands: 31.9 1 %) nnd SEE (14 lxlnds: 

29.79 %) were the least po lymorphic. There were 28 (59.57 %) polymorphic bands ucross the 

Glls (Table II ). 

5.2. 1.2. Nei's Mean Gene Diversity (h) 

Compari son o f exotic ge notypes with the landracc accessions. both as a single populruion and as 

multip le po pulations, revealed the presence of hi gher between genotype diversity for exotic 

genotypes (h = 0.2637). The mean genctic diversit), (Nci. 1973) across all populations (where 

exotic genotypes and landraces frolll different ARs \\ cre considered as independent populations) 

was 0. 1935. and the average diversity acrosS the \\\'o popultuions of landroces and c:'<:otic 

genotypes (each cons idered as a separate indepcndelll population) \\<lS 0.1935 (Table 11). 
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Table 11. Number and percentage of polymorphic loc i. and Nei's mean gene dl\'crsil> (h) In 

Ethiopian lentil landracc accessions (with and witham grouping) and exotic genotypes 

Level of Populat ionl Number of I)crcentage of h 
grouping Grollp polymorphic polymorphIc 

loci loci 
Arsi 10 17,86 0,0589 (i O, 1364) 
Bale 11 19,64 0,0625 (t o,1344) 
Exotic genotYlJcs 41 73.2 1 0,2637 (i O, 1893) 

Landraces from Gojam 13 23.2 1 0.0739 (10, 14S1) 
each AR and Gonder 17 30.36 0,1203 (i O,I920) 
exotic genotypes 

Shewa 15 26,79 0,0972 !i O,1(71) 
as independent 
population Tigray 10 17,86 0,0641 (i O,I'IS) ) 

Wello 16 28.57 0,0869 (iO 1 jill-
Average 16.63 29,69 010344 - ijj <i\ \to 117Ci" Multipopulalion 45 80.3(, 

Exotic genotypes Exotic genotypes 41 73.21 0,2637.l} 0, 1 8911-

vs land races as Landraccs 29 51.79 0,1460 (to,I921) 

independent Averwe 35 62,50 0,20107 

population Mlilti-pooulation 45 80.36 0,1935 (t o,1770) 

Arsi 10 17,86 0,0702 (t o, 1464) 

Bale 11 19,64 0.0745 (10, 143S) 

Gojam 17 30.36 0,08S1 (-t o.15S0) 

Landraces from Gonder I) 23.2 1 0,1395 (t o,2027) 
dilTerent ARs as Shewa 15 26,79 0.1158(10.1766) 
independent 

Tigray 10 17,86 0,0764 !+0,1592) 
population .- O, 10W(iO I 6!~L 

Wello 16 28,57 

Average 13 ,1,1 2) ,47 0.1077)8 __ 
- - 0,1734-(10.1984) , 

Mlliti-population 29 51.79 

CE 15 31.91 0,11 58 (10,1766) 

Landrace NEE 25 53,19 0,1690 (t o, 1955) 

accessions NWE 22 46,81 0,1415 (i O.175 1) 

grouped into SEE 14 29.79 0,0891 (i O.1534) 

geographical 
Aven~[!e 19 40,43 0,13776 

regions (G Rs) 0.1734 (±D. 1984) 
Multi-population 28 59,57 
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On the other hand, grouping the land race accessions into AR L---d I ho -- L_ ~~ POPu Allons s "~hwl 

samples from Gonder were the most diverse (11 • 0 1395) , II db' . 10 0\\( Y samples lrom hewa (h 

0.1 158) and Wello (h = 0.1039). Among the landrncc popul:1lions (ARs) c\'alunted. si'unples from 

Gojam (h = 0.088 1), Tigray (h = 0.0764), !laic 01 - 0.0745) and Arsi (h 0.0702) ''Crt the Ie I 

diverse (samples from Arsi being the least of nil ) Genetic d've '1 I f • . I rsl y acrOSS popu nhons 0 

Ethiopian lcnt illandrace accessions (the IQlal lnndmce population) was h 0 1734 hlnhcnnore, 

GR-bascd grouping revealed the highesl genetic diversi ty for samples from NI+ (h 0,1690). 

which was fol lowed by samples frolll NWE (h • 0.141 5) und CE (h 0.11 58). "hilt those from 

SEE (h = 0.089 1) were Ihe leaS! diverse (Table II ). 

5.2. 1.3. Genelic Dista nces (D ant! 0) 
Comparison of exoti c genotypes with indi"idu:J1 I:Jndt.'cc I>opuiutions (Alb) fe" c.llcd the hl£hc~1 

genetic di stance (D = 0.3 143) between exotic gellotypes nnd ~mplcs fromllgm),. follo\\~d b) 

samples frolll Gojjam (0.3138) and Shewa (03075). Genetic di sHmce between eXOllC gcn t)PCS 

and samples from Arsi (0.1876) and Bale (0. 1937) was the least. 111c gCllclic distonees (D) of 

exolic genotypes from samples of Gonder and Wello, respectively, \\cre 0.2067 nnd 0.2 1 8 

(Table \2). Furthermore, comparison between exotic genotypes and the toull Inndmcc populBl1on 

yielded a genet ic distance of" 0.2072 (Nci's ori ginal mcasufc of senclic diStance)_ Nti'!; unbiBSCd 

genetic distance ( iJ) between them was 0.\968 (Tnble 13). 

AR-bascd po pulation classification of the landrncc accessions n!\'caled liller-population genetic 

di stance (D) ranging from 0.01 22 to 0.2284. Samples frolll Wello hnd thc largest genellc disumcc 

from samples of Shewn (0.2284), Gojam (0.2284) nnd Tigrny (0.2093). In geneml, among Ihe 

pairwise population com parsons made, samples of Shewn, Tigray nnd Gojam ~ho\\cd the highest 

genetic distance from samples of Wella, Ars; rind !l31e, Genetic disl3nce between the other 

pairwise combinations of populations was vcry 10"/ with the least genctic distance bct\\ccn 

samples of Tigray and Gojam (0.0122) (Table 14). Comparison based on GKs revealed small 

genetic distance between samples of different Rs wilh 3 single cxceptlon of the distanCC 

bel I f SEE d CE (0 1
756) The leasl genelic distance (0.0324) oblamed was 

ween samp es 0 ~" an . . . 

between samples of NWE and CE (Table 15). 
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Table 12. Nei's original measures of genetic identity and 00 " d' . E h ~ nc Ie IStance 10 . \ IOplM lentil 

land race accessions and exotic genotypes 

populat ions Wello Arsi Exotic Bale Gonder Slle\I,-a Gojam T illJ1l) 

genotypes 

Wello •••• 0.9634 0.8051 0.9356 0.9159 0.8322 08430 0844) 

Arsi 0.0373 •••• 0.8290 0.9700 0.9470 0.8578 0.8642 0.857) 

Exotic 
0.2168 0.1876 •••• 0.8239 0.8132 0.7353 0.7306 0.7303 

genotypes 

Ilale 0.0666 0.0305 0. 1937 '" ... 0.9613 0.86) 7 08682 0.8\99 

Gonder 0.0878 0.0545 0.2067 0.0395 •••• 0.9416 0.9479 0.947R 
-

Shewn 0.1 836 0.1534 0.3075 0.1466 0.0602 '.11" 0.9798 0 9719 

Gojalll 0. 1708 0. 1459 0.3138 0.1414 0.0135 0.0104 011'.' 09899 

-" Tigray 0.1693 0.1539 0.3 143 0.1510 0.0537 0.0243 0.0101 •• • • 

" NCl s genetic Identity (above diagonal) and genclle dlslilncc (below dlngonnl). 

Table 13. Nei's original and unbiased (in bracket) measures of genetic idcl1l1lY and genclle 

I 
• 

I I 
distance between Ethiopian lentil land race <ICcessions .. nd exotic genotypeS 

Types of plant materials Ethiopian lentillttndrnce Exolic lentil genol) pC:s (releascd 

. ' . accessions varieties) 

-
Ethiopian Icntillandrace 

0.8128 
•••• 

accessions 
(0.8213) 

Exotic lentil genotypes (relcased 0.2072 ~ ... 
varieti es) (0. 1968) 

., , . wdi onal , 
Nel S genetic Identity (above diagonal) and gl.: l1clIC dlsul.I1cc (belo ag ) 

5.2. 1.4. Genetic Differentiation and Gene Flo", 
. .« R co lsidcred os independtnt populntions. 

When the landrace acceSSIOns from dillcrcnt A s were I 
. ARs 1 a,un:d by DS! (HI- II' - 0.079) "'tIS 

thc average gene diversi ty (Nel. 1978) among as 11 c 
. . . h' ARs (II ' - 00952) The average gene 

sl ightly lower than the average gene diversity wit In .' 
. . (I' be ' en nnd within ARs) W!lS 0.1745. The edenl of 

diversity relative to the tOlal populallon ,t; t\\C 
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Table 14. Nei's original measures of genetic 'd . . I cnlll)' and genetic disumce in ElhioplDn lenaal 

landrace populat ions 

population Arsi Bale Gojam Gonder 5hc"~ Tigray Wello 

Arsi ** •• 0.9638 0.8360 0.9361 0.8278 0.8278 0.9557 

Bale 0.0369 •••• 0.8407 0.9534 0.8348 0.8309 09220 

Gojam 0.1791 0. 1735 •••• 0.9370 0.9755 0.9878 08094 

Gonder 0.066 1 0.0478 0.065 1 .... , . 0.9292 0.9369 0.8978 

Shcwa 0. 1890 0. 1805 0.0248 0.0735 .... , . 0.9709 0.7958 
-

Tigray 0. 1889 0.1853 0.0122 0.0652 0,0295 ....... 08112 

Wello 0.0454 0.081 3 0.21 15 0.1078 02284 02091 ..... 
Nei's geneti c identity (above din 'onal an .. g ) d genetic chslrmce (belo\\ dlagolu!) . 

Table 15. Nci 's origina l measures of genet ic identi ty ,\I,d l)cnctic di:.tnncc in LlhiOJllUn lenul 

land race accessions in GR-bascd grouping 

Groups CE NEE NWI' -5EI' 

CE •••• 0.9327 0,9681 08389 

NEE 0.0697 •• •• 0.9732 0.9397 

NWE 0.0324 0.0272 
.... .. 09133 

SEE 0.1 756 0.0622 0.0907 •••• 

, " NCI s genetic Identlty (above dHlgonal) and tl'Il.:-.11.' dls\nn('1! (below diagonal). 

NEE=Northeaslcrn Ethiopia (Wella and ligray): SEE' Soulhen~tc rn i:.thiopin (Arsi lind Bale); 

CE=Ccntral Ethiopia (Shewa); NWE=Northwcstcrn Ethiopia (Goj mn and Gonder), 

-

gelle differentiation relative to the t01:11 population as given by GSI (Gsl Dstllh) was 0.4548 

The extent of gene flow given by Nm (Nm = O.5(I·Gst)lGsl) wlthm the total popuhnion of 

Ethiopian len til land race accessions (or alllong ARs) was 0.5995 (l able 16). 

In addition, grouping the landrace accessions into GRs re\ealed a higher "ilhin GR gene 

diversity (Hsg = 0.1289) than among GR (Dstg .: 0.0479). The tOlal gene dil.'ersilY with rtferc:n<:C 

to the total GR was HI ::: 0. 1768. The ex lenl of gene differenliluion within the lotal GRs "115 GSla 

= 0.2713, whi le the extenl of gene flow among the GRs (Gslg) was 1.3432 (Table 16). 
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Table 16. Coefficient of gene differentiation in Eth ' . I . 
. .. lopian enll l l:1ndmcc accessions with nnd 

without grouping mto OR 

Analys is fo r HtlHI, HslDs, DstlDs,,' GstlG", NrnlNm,' 
Indigenous landraces and 0.2802 0.2049 

exotic genotypes (± 0.0359) (± 0.0209) 
0.075) xxxxxx xxxxxx 

Administrative regions 
0.1745 0.0952 

(±0.0395) (±0.0130) 
0.0793 0.4548 0.5995 

Geographica l regions 
0.1768 0.1289 

0.0479 0.2713 1.3432 
(±0.0387) (±0.0 193) 

Numbers in parenthesis arc standard deviati on s 

J II = gene diversi ty in the totallandracc population (among and within ARs): OSI :l\'crnSC gene 

diversity between Ars; Hs = average gene diversity within Ars; 10SI,= represcnts the overage 

gene diversity in the tolal group; 2Hts = represents Dst in the contex t orlhe subgroups; Jlls. 

represents lis in the context of Ihe groups; 4Gst, = represen ts Gst in the contcxt orthe groups: 

5Nmg = represents Nm in the context of the groups. 

5.2.2. Genetic St ru ct u re 

5.2.2.1. A na lys is of Molecular Variance 

AMOVA analysis conducted on the landra('c populations wi thou t grou ping indiclItcd thc presence 

of highly significant (p < 0.0001 , 1023 permutations) variation i11l1ong ARs. Geneti c vnriution 

with in population (56.28%) was higher than that among population (43 .72%) ( rable 17). 

Wright's ( 195 1) gene fixation index (FST = 0.4372 1). wh ich is equivalent to Nci' s (1978) 

eoerficient of gene different iation relative to the total population. was highly significant (p < 

0.001 , 1023 permutations). Population specific FSTs were also hi ghly significant (p < 0.001 , 

1023 permutations) wi th the highest FST value for samples from Arsi (0.45081). I)opulation 

specific FST va lues above the average FST value wcre also obtained for samples from Tigmy 

(0.44874), Bale (0.44822) and Gojam (0.43994). I'opuiation specific FST v,lues below Ihe 

average FST were obtained for samples from Wello (0.43166), Shewa (0.42934) and Gonder 

(0.4 1175) being the leasl (Table 18). 
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Populat ions of the landrace accessions were grouped into GRs in the assumption thnt there wus 

gene fl ow (represented by seed movement in the case of lentil) as a result of many social, 

economical, and other factors. Such grouping revealed highly significant \'nriallon (p<O.OOI. 

1000 permutations) among GRs, among ARs within GRs and within Rs. 1 he highest proponlon 

of genetic variance was attributed to within GR variation (55.91 %). The variation omong ARs 

within geographica l regions was also hi gh (39.47 %), whereas the "Grim ion alllong geogrophicaJ 

regions was low (4 .63 %) (Table 17). F-stnti st ic values (Wright's fi xation indices: PSt. FST and 

FCT which arc equivalent 10 Nei's, 1973 coeffici ent s of gene difTcrcnl iution) were highly 

signi ficant (p < 0.0000, 1023 permutations) for among GRs (Fer 0.04625. 1023 n:llld In 

permutat ions), within GRs (FST = 0.44093; P = 0.0000, 1023 pcnnutmions) and mnons AR! 

with in GRs (FSC = 0.41381; P = 0.0000,1023 permutat ions). 1'-SHlIistic value for ,,,,,thin Ilu 

wns by far higher than that for among GRs Crable 18). 

Table 17. Analysis of molecular variance (AMOVA) for Ethiopian lentil landroce populations 

with and wi thout grouping to GRs 

AR-based landrace populations Landracc populations grouped into GRs 

Source of variation Source of variation 

Among Within Total Among Among ARs Within Total 

ARs ARs GRs wi thin GRs GR, 

63 69 " 3 63 69 dJ. 6 J 

Sum of squares 127.19 152.30 279.49 68.74 58.45 152.3 279.49 

Variance 
1.88 2.42 4.30 0.20 1.71 2.42 4.32 

components 

Percentage of 
43.72 56.28 4.63 39.47 55.91 

vari ation 

P-va luc 0.0000 0.0083 0.0000 0.0000 

re e.ttrcmc \'ariance comp<Jllcllt than Iht! obsm'td \O/IID b)' dwltU .. 
r·m/lles are the probabl/mes of havmg a mo . " .. nnpU/Ollons and lilt srgnljicotJCr 1'O/ .. u 

d b 1000 ,dom ptrnwtatlOl's ocr ..... " -. a/Olle. Probabilities were colclllate y rm 
were obtained at /023 random permlltlltions. 
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Table 18. AR· and GR·specific FSTindices for Ethiop' '11 IBn cntl andrnces 
Levels of grouping Population Type of indices Value of F-stnt I'·value 

IGroup 

Wello FST 0.43166 
Arsi FST 0.45081 

Bale FST 0.44822 
Landraee access ions 

from each A R I as 
Gonder FST 0.41175 

independent population 
Shewa FST 0.42934 

0.00000 

Gojam FST 0.43994 

Tigray FST 0.44874 

Across ARs FST 0.43721 
- -Among ARs 

FSe 0.41381 0.00000 
Landrace accessions within GRs 

grouped in to GR2s Within GR FST 0.44093 0.00000 

AmongGRs FeT 0.04625 0.00827 

AR .. Dl administrati ve region, GR geographical region 

5.2.2,2, C luslc r ing Ana lysis 

The dendrogram generated from the whole ISSR data (including exot ic gcnOl),pes nnd Inndmcc 

accessions) using the similarity coefficient of Dire (1945) produced IWO major clusterS nI 0.76 

similarity leve l. Of the 10 exotic genotypes included ill the stud)', 7 were grouped in to one 

cluster (cluster II ), while the rest 3 (EL-142, Chckol and Ada'a) were grouped into the other 

major cluster (cluster I) along with indigenous landrace accessions. The first major cluster 

(cluster I ) was further subdivided into twO major subcluSlcrs althe sim ilarity coefficient level of 

0.84, leaving Ada'a as an outlier. Most of the smnplcs from Wello. Arsi, Bale nnd Gonder were 

clustcred into one subcluster (I I), while 1110s1 of the smnplcs frolll Tigmy, Gojam and Shewa were 

grouped in to the other subclustcr (h; Figurc 9). 

A scparate clustering ana lysis for Ethiopian lentil landmce nccessions based on Dicc' (1945) 

similarity coefficient produced twO major clusters at the genetic similari ty coefficient level of 

0.85. Most of the samples from Wello, Gonder, Bale and Arsi were grouped into the first major 
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cluster (cluster I), while most of the samples from SI " G · .. 
. lC\\3, oJom and llgnt), "'ere grouped into 

the second major cluster (cluster IJ ). Cluster I further 5 bd ' ,'d d· U 1\ I e 1010 Iwo subclusters: subcluster 
II included most samples from Wello subclsutcr 12 was cons" d f ' I ute 0 most samples from Arsi and 

13ale. Ilowever, samples from Gonder were dispersed within " . , Ie lllaJor C lIslers nod subcluster s 
ilnd did not form a d istinct sort of grouping (Figure 10) .. , . . 1I1ll Ar grouping was observed for 

populat ion based cluste ring analysis (Figure I). 

The correlations between cophenelic values generated frolll the UPGMA tree and Oice'~ 

similarity mat rices (the tree matrices) were r '" 0,93 and r ~ 0.82. rcspcctivcJy for Ihe entire plant 

materia ls and the landraees separately . 

I ~AOq .. 

1M- -..'" 
5.2.3. Com pa I"iSO Il of J\1orpho logicaJ !'Ild 1(.1 ' ('III., r nat: UlOil A..8A&\ UNIVIlIIt'" 

'- '.aA . '81 
In order to compare the extent of agreement bctwccl1 dcndrognuns deri ved from 1ll0f'Jl 10 OC) II 

ISSR markers, a distance matrix was constnlcted for each aSs.1Y and compared usi ng the lantel 

(1967) mal ri x correspondence test. 

When the distance matrices generated from all lentil plant materials (both landmces and exotic 

genotypes) were compared, there was a pos itive and highly significant (p < 0,001 , 1000 mndom 

permutations) corre lation (r = 0.42) bctwccn Ihe l"'.uclidirtTl and g~llctic di5l[1nc~ m!'lIriccs. TIle 

average Euclidian di stance (0.38) with reference 10 111 It'1:11 pJallt lll31crials \',;:5 l'1 ltl'f thlll1 lhe 

average molecular dissimilarity (0.18; Table 19). 

On the other hand, a separate Mantel test analysis conducted on di ssimilarity matrices generated 

from morphological and ISSR data of Ethiopian lentil I:mdracc accessions. revealed a poSill\C 

and highly significan t (p < 0.001, 1000 pcnl1lLtatiolls) correlation (r 0.26) bct\\ccn the 1"0 

genetic matrices (Tables 19), The average morphology~l>a5ed genetic disl3nce (0.50) was greater 

than the average dissimilari ty generated from ISSR data (0. 13: Table 19) . 
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6. DISCUSSION 

6.1. Morphologica l Variability 

In this study, sevent y lentil landracc accessions coil d ~ , . ' ecte rom seven different regional sites of 

Etluopla and eleven exotic genotypes were used TI " b'!, . . , ' l C \nrla Illy Wllhlll all the experimental ploOl 

materials, landraces separately and between land races ad ' , ,n exollc genotypes \\ere assessed 

, en a t IC cnll plant !1l11tcru\l s, withi n The wider variation in the measured agronomic traits bet we' II I I '1 . 

Ihe land races, and between the landraces and exotic genotypes based on "':~.B£.!ill!~!!lll!:..!ltUlll:---

measured trai ts has got a good implication in improvement program s. r.u Ad" AI'*" ... ..,~ .. 
6.1.1. Annlysis of V:lI'i~n cc 

... UAIIA ""'v_ 
• • • ••• 18 1 

The highly significant vari ati on between the k llti l material:-. lor Ihe ::gro·u.orphoiogieul t "li l ~ 

measured indicaTes the presence of high degree of phenotypic diversity between the Icnlll 

materials evaluated and implies the avai labili ty of great potential for improvement imilnr 

results were reported by Yadav (1995) fo r days to maturi ty, hu ndred seeds we ight. biological 

yield, harvest index and seed yield, 

6.1 .2. Phenotypic and Genotypic Coefficients of V:l riation 

Vcry wide PCV (phenotypic coeffi ciellt of \ari nt ion) rind GCV (p,cllotypic cocfficient 01 

vari at ion) were observed for number of s~c('l !ld,!lY brnncln::s p~r plant. numb~' r of !iccds per plnnt . 

seed yield , biomass and number of pods per plHIl!. which agrces wi th lhc fi ndings of Juin ('/ ( I I 

(1995) Chakrabol1Y and Haque (2000) in other lentil materials. On the olher hand, narrow l'eV 

and GCV were observed for days to flowering and maturity, and plant height, for the entire 

experimental plant materials, wh ich agrees wilh the findings of Thak ur and l3anjp.1i (1993) for 

days \0 maturity, Si ngh and Singh (1991) for days to fl owering and pion! heighl and disagrees 

with the findings of Jain el al. (1995), and Chakraborty and Haque (2000) for plant height. TIle 

results of the present study, therefore, indicate the possibility of improving specific trail(s) b) 

inlcrcrossing the lentil materials evaluated. 

Ind igenous lentil landraces of Eth iopia expressed better mean values and wider phenotypic 

vari ation in important yield parameters such as number of secondary branches per pl.nt, number 
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of pods and seeds per plant compared to exot ic genoly~ h ' . .. I'¥s. w ereas exotIc genotypes showed a 
wider phenotYPIc vanat lon for hundred seed weight d[lYs 10 n .' d ' . • o\\cnng an matunty as tomp.1rcd 

to the landraces. Indigenous landraces showed vcry narrow rev d CV' . an lor days 10 nowenng 

and maturity. This result indicates that the landraecs hwc illl rl ' d'" , < I>o .. ant trmlS Istlnet .rom e"otlc 

genotypes. This impl ies the need to undertake further collections to enrich the gene pool 

Furthermore, the resull suggests the possibility of improving the aforementioned trtlilS of the 

landraccs or improved varieties by intercrossing them. 

When samples of landraccs frolll different ARs were compared in scpamlc [lnn!),!is, lhc)' 

expressed wider phenotypic variability for different types of tro its wilh Ihe exception or dB)'S to 

Oowering and maturity. and plant height. Geletu l'I (1/ ( 191')6) reponed consistent rcejon;,1 

differences alllong Ethiopian lenti l land races for limc 10 n \\cr and mnturlty, IOO-seed "eight. 

nun~ber of seeds/pod and plant height in I S6 Ethiopian landracc populations of lentil. In Ihe 

prescnt study, samples from Wella, Bale, Gonder and Arsi werc clwracterizcd by high number f 

primary and secondary branches, pods, seeds, biomass and seed yield per plan!. onsistelll with 

prev ious report (Geletu et 01. , 1996), samples from Tigray, Gonder and Wello were chnroctcrizcd 

by larger (relatively) seed size on average basis, whereas samples from Shewa nnd ~Dm ,'cre 

the leaSI distinctive group, 111e result suggests the possibility and high potential for improvement 

through inlra- or inter-population breeding :lclivlties, Furthcrmorl', the presence of different types 

of characters in different populations CARs) suggests the need for fUl1hcr colleclion of thc 

land race accessions for conservation of more wider variabili ty «('x-sitll gene-pool enrichment) 

before possible replacement by "improved \larieties" of narrow genelic basco which can be 

considered as a type of genetic erosion. 

6,1.3. E. uclidian Distance 

d
' I I -d to the different landree populations dum 

In general, exot ic genotypes were more Istnnl Y re ate 
do the landrace populations to one another. Similar),. the landraecs sho\\cd a range of paif""-iSC 

I 
r. 1"' raj' and \Vello showed the hig.hc.St 

population dissimilarit ies but generally, samp cs Ifom 11"1,' 
" " S I It ha\'e higher imponancc in choosing 
Euclidian distance from all other populations, lie 1 resll 5 

S
"'lce di stantly related individuals or populBtions are 

populations for improvement activities 

expected to be more heterotic, 
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6.1.4. C lustering Analysis 

A dendrogram generated from the standardized morphological data E I·d· d· • on ~uc I Ion Istllnce matrix 

with UPGMA cluster analysis classified the entire cxpcrimcntallllatcrinls·" , I n 0 wo major (: USICrs. 

One of the major clusters (cluster II ) comprised most 5.1mplcs from Wello and 133Ic. and some 

samples from Ars i, Gonder and Gojam in wh ich Chckol wac; included from eXOllC gcnol),i>C). 

Access ions of Wello were characterized with above average to higher mean values for nil the 

characters. Therefore, thi s cluster identified mai nly accessions from Wella nnd somt from olher 

ARs with similar morphological characters. The other mnjor cluster (cluster I), comprised nil 

samples from Tigray and Shewa, most exotic genotypes, samples from ojllm, Gonder. Arsi nltd 

Bale suggesting the morphological similarity of 1110st of the ucccssionslgcn typeS. Further 

subdi vis ion of cluster I into two subclustcrs mainly identified surnplcs of Tigrny und fe\\ snmples 

of Gonder. Ars i, Bale and exotic genotypes in onl: I'mup (subdustcr bl. i11C C'lther subclu:otcr 

(subcluster h ) identified most cxot ic genotypes and ~atl1 pJcs of Shew:! nnd Gojnm nnd fc\\ 

samples of Gonder, Bale, Ars i and Wello. Samples from Arsi, and Gonder w rc found dispC:rscd 

with in the three distinct groups and did not tend to fOrln a di stinct cluster or subcluster. 

A simi lar but separate clustering analysis conducted on Et hiopian lelltillnndmccs also produced 

two major clusters for Ethiopian lentil landraces. One of the major clusters (cluster II) comprised 

most samples from \Vello and some samples frol11 other ARs. Thus, Ihis cluster identified most 

samples of \Vello. The other major cluster (rlw:tcr I) was fonned by nil snmpks hom Tigm)' nnd 

Shewa, most samples frol11 Arsi, Gonder ~nd Bale. This mitior clu~lcr wns fmlhl'r :.ubdi\' idcd into 

Iwo subclusters. The second subcluster (h) idcnlificd nlost Sflmples fr01l1 Tigray. while 111051 

samples rrom Gojam, Arsi, Shewa, Bale, Gonder rormed Ihe other subcluster (II). Therefore, 

based on this result, three major groups of landraccs can be identified: Group I ( EI!- WE-CI; 

(accessions of Arsi-Gojam-Shewa- I3ale) and others). Group II (accessions or NE (Tigrn)') and 
. "E (IV II ) d others) However. Geletu "01 (1996) 

others) and Group III (accessions of NE' e 0 an . 
.' f I '1 1 drace populations of Ethiopia. \\here 

provided geographical- region based descnplLon 0 ent1 an 
. d h rt that of the North I ilghlnnds was 

the lentil of Ihe West Highlands was early matunng an so, 

11.1' 11 ds were Ihe least di stinctive group. 
large-seeded, whereas lentil s from the Centra 'llg 1 an 
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The cophenetic correlations of the UPGMA tree and E I'd ' d' . . UC I mn Istance rnnlnetS of the entire 
plant malenals (r = 0.8 1) and the landraccs separately (r = 072) h . s owed good and poor fit 
respectively ( interpreted accord ing to Rohlf (2004» Howe"c I h ' • . r, II 0\\ cop entlle correhllIon 
coefficient does not mean that the dendrogram has no lIl ',I',,),. bUI only 

di slOrt ion might have occurred (Mohammadi and Prasallna, 2003). 

6.2. Molecula r Dive rsity 

6.2.1. Genet ic Va riation 

indicates thai some 

]SSR markers arc important to study intraspecific variations in plant species. as Ihey nre cfTccll\c 

in detecting vcry low levels of genetic variation (Zictkicwicz et al . 1994). II1\enli \, RAP!), and 

rnicrosatcllilc-primed pe R markers detected a low level of useful polymorphic h:\l1d~. "hile 

ISSRs rcvc<l lcd ,1 higher degree of v[tti[tl io!1 (Sonnt.ntc and Pignou', 2001). 

In tbis study. ISSR markers were used to assess the molecular diversity of the lelltil IIlQtcrinls 

based on bulked leaf sample analysis of fi ve plants per accession/genotypc. In thi s technique. the 

between access ion variation is null ified due to pooling of samples. thereby minirnil.ing the towl 

genetic diversi ty. Nonetheless, the techn ique revealed higher gcnetic divcrsity in thc present 

study. 

ISSR primer 88 1 is a penta-nucleotide It'p:':11 \'.J.il· :llllhc l\:St m~' eli-nucleotide rcpeal Among 

the ISSR scOt'able fragments, primer hSI produted high Illolec ular weight (Inrgcr) ISSR frogmell l 

while primer 812 produced the shortest fragment. intermcdiatc fragment sizes werc produced by 

818 and 835, the latter of the twO with large fragmcnt size. 

6.2. 1.1. Gcnctic Diversity and Distance 

1
'1 . . r. 1 sc for RAPD marker nnalysis since il is 

lC tcrm gene diversity has been used 111 an IIllorma scn 
, 'd' DNA (L)'nch and Millig.n. 1994), 

hkely that RAPDs will often contain an i), noncO II1g 1 
',tcly 10 ISSR marker (compared 

Howcver, the term gene diversity seems to apply more appropn. . 
, f I SSR notifS which often flank coding 

to RA PO) since the ISSR primers are deSIgned rom t le 1 • 

sequences (a gene). 
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In comparison to exotic genotypes Ethiopian lentil 13 d . . . • n races were found less polymorphic nnd 
less di verse. Till S IS because exotic genotypes arc imp d .. . rove vanetles, winch h.we come from a 

series o f breeding activities. On the average the landraccs 'C d . . . ,.. \\ rc separate rom exotic genotypes 

by considerable genetic distance. However the di stance fro 1 · . , .. [ 1 eXOllc genotypes vaned from one 

population (AR) to another. Samples of Shewn, Tigray and Gojam depicted a relatively higher 

geneti c d istance, where as other populations showed lower genetic di stance from the exOlic 

genotypes. Therefore , population spec ifi c improvement programs designed between exotic 

genotypes and distantly related populat ions ore expected to yield good results, because more 

di stantly related populations/plants arc marc heterotic. 

Among the 47 bands scored in Ethiopian landracc popUlations, 29 (S 1.79 %) wcre polymoillhic. 

which r..:vca lcd high genetic diversity (HI = 0.1745), which i·, 1,~ j I l'll'.atcr than the within 

spec ies diversity (0.049) of tile cultivated lem il repolted by rcr~lI!:\lI\ If (1/ (1')98) from RA llO 

data of 100 accessions from 10 countries. In fact , a number of literatures indicutc thlll RAPD 

detects low level of di versity (Abo-e\wafa el al .. 1995: Ahmad (tllll .. 1996; Ford el 01. 1997: 

Ferguson el af., 1998; Sonnante and Pignone, 200 I). while ISSRs reveal a higher degree of 

variat ion (Sonnante and Pignone, 200 I) in lentil. Samples from Gonder, Wello and hewa were 

morc polymorphic and exhibited high intra-population diversity. This result suggcsts Ih:'ll these 

populations have a high potential (or wider possibilities) lor intm-population impro\'ement 

practices based on selection. In mldition, tl iC l":!'l.lts ! "r!,(,),t th:\1. in rd:lt i\'~ knn'. cnllcction~ at 

IlJC covercd more diversity from these Idt~. 011 the cOlltn.I )'. ~ mplC's fI~llll AI::.j, Bale and 

Tigray werc found less polymorphic and less diverse. This suggests that either there is It 

relatively narrow geneti c diversi ty within these ARs or the avai lable diversit)' \\ilhin the Alts was 

110t well represented through extensive col lection acti vities comp:1red to the most diverse ones. 

The latter case invites further gcrmplasm collection activitics from these ARs to enrich the 

gc,mpiaslll gene pool. Furthercmore, samples of Shewn. Gojnm and Tig,ray expressed wider 

genetic separation fro m samples of Wello Arsi and Bale. In addit ion. samples of Wello and 

Gonder showed a moderately high genetic distance between each other. The other pairwise 

population combinat ions showed moderately low to very low (relatively) genetic distance from 

one another. Therefore, inter-populat ion improvement activities between the pairwise 
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combinations of the landrace 

produce good results. 

populations (ARs) with high genetic distances are expected to 

GR-based analysis showed that samples from NEE fo llowed by NWE and E " ere more 

polymorphic and more diverse, whereas those from SEE wcre less polymorphic and I 5 dl\'(,fSC . 

NEE-GR was found more polymorphic and diverse since il was composed of samples from 

Wella, wi th high polymorphic loci and intra-population diversity. and samples of Tigmy. \,1In 

low number of polymorphic loci and intra-populnlion genelic di versi ty; however. the ARs urc 

separated by high genetic di stance. Therefore, the high inlr<l-populmion genelic divers;I)' of 

snlllpics from Wello and its higher genelic distance from $.'\lnpIC5 of Tigray contributed to the 

hirh gClletic diversi ty observed in samplcs of EE~GR . Silllilarly. the high \\;lh1l1 population 

diversity ofs<lmpies from Gonder l11 <1i l1ly ('Qlltri buted to th .: hilll\ C!ivwil)' ob:;cr .. ,J in samp1c~ of 

NWE~GR. furthermore, all GRs showed lowcr gcnclic dist:mces from nc another wilh n single 

exception of the distance between SEE and CEo -nlis higher genctic distance wns due 10 the fllct 

that each constituent ARs of the GRs wcre distantly related to one another in n pair.wisc 

population comparison. In general , GR based genctic analysis of the londroccs showed lower 

genetic di stance between Illost pair-wise combinati ons of the GRs. 

6.2.1 .2. G (,llc lic Di ffcl'cn ti:ltion ; Ild G(IlC ]710"" 

Popll latio!l (A R)-b:lsed all alysis ill licawd Ihm \';i!b in p Ip1l1atioll gene di\'cr.;il)' was slightlY 

higher than among population diversity. There wns higller level of gene diITerentiation among 
. . . . 10 1 ge lctie drift and differential selection 

populations, which could be attnbutcd to mutollon. ran( 11 I 

. I TI ' be 'ustified by the hioher within 
pressure (by the environment) on the lOCI asseSSC(. us can J e-

. ' 952) . po lulations as compared 10 the among 
population genet ic diverSity (I-Is;: 0.0 III some I 

. . . ' 0793) TI ' vas Further confimlcd by higher genetic 
populallon genet ic di verSity (OST ;: O. . liS \ 
. . d T' Y with 5<.1mplcs of Wello. Arsi Ilnd Bait. 

distance between samples of Shewa, Gopm an Igra 
I 1 rc there was also high le\'el of gene 00\\ 

and between samples of Gonder and Wello. Furt lcn 10 . 
R) 

1'1 ' was supported by Ihe lower among 
(Nm = 0.5995) among land race populations (A s. liS . . . 

., ared to the \\~thin populallon d, .. erslt) (lis 
popUlation gene divers ity (OST ;: 0.079,,) as comp . ' . 

t of the pairwise population combmallons. 
0.0952) and the lower genetic distances betwecn mos 
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GR.based analysis, too, revealed very high with' GR " 
. . In gene dlvcrslly (H • 0.1289) than It 

GR divers ity (Dst = 0.0479). It is expected that wi" G ~ '. . . mona 
. . , . " t 1111 I dl\Crslly IS grealer than within AR 

diversity, \\IHle among AR gene diversity is nrcat I b cr t Ifln among GR diversity F nh 

d d'~ .. . u crmon: R· 
base gene IlLcrentiatlOll (Gstg = 02713) was I I ' . .' ., ower (mn the population (AR}basc:d gent 

differentiation (Gst = 0.4548). On the other hand II , . , lefe \\ as vcr)' lugh le\ cl of gene now (Nmg 

1.3432) among GRs as compared lO the populatio" ba "d n . s.. gene ow (Nm • 0.5995). 

In genera l, results of estimates of gene now indicate III r . , c presence 0 moderatel)' IlIgh level of 

• \. lIl ... c CIlII IS n !.c I· gene now among the ARs and vcry high level of gene now 'ullong Ol' s ' . 1 '1 I' 

... .~c 1.lI1gC W\I 1111 or 1J\,:1\\ccn the pollinated crop, gene flow could occur onl y in the form of s"c(1 c I ' . I ' c. 

ARslGRs. which could be attributed to social and econolll ie f'IClors A I' , . mong Ilesc laclors lire 

movement of people from aile place to another along with thei r 0\\1\ seeds. purth;.l<;e of lentil 

seeds frolll the neighboring administrat ive regions for euhi\,at IOIl. 

/

'--C:V":-U-II-0Q-" _ 

6.2.2. Genetic Structure ~~ 
- "''' 6.2.2.1 . Ana lys is of Molecular Va riance 

The genetic structure of plant populations reflects the interactions of various factors. including 

the long.term evolutionary history of the species (shifts in distribution. habiwt fmgmclltation, Bnd 

population isolation), genet ic drifl, mating system, gene flow and sckction (Scit3l11 r!1 01. 1998). 

Gcnemlly, the breeding system of flowering plan! spec ies grC'atly aiTccts population genetic 

different iation (Hamrick and Godt, 1989). Esti lllJICS of genetic differentiation between 

populations of outcrossing species based on AMOVA derived by analyzing }{API) markers have 

usuall y been < 28 %. for inbred species, estimates of interpopulation genetic variation hn\'c 

usually been > 70 % (Nybom and Banish, 2000). However. it might be argued that higher inter· 

population genetic variation est imate for self-pollinated crops suggested above mighl not hold in 

SOme cases (of food crops, for instance) where there is high ratc of gene now (seed exchange) 

through human involvement. In the present study, AMOVA analysis conducted on landrace 

populations (ARs) revealed lower among ARs genetic variation (43.72 %; although highly 

significant, p < 0.0001), than the within ARs genetic variation (56.28 0/.). which agrees ,~~th the 
. . ' dy d'scusscd abo\'c. The result did 

populauon-based genetic diverSity analYSIS of the present Sill I 
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nol agree with the general view that self II' d . .' . . -po lOalc species depict higher among population 
genetic vanatlon than within population. This dis..1grccmc 11 be 0 0 I can aur_buled to the lugh rate of 

seed exchange through movement of people ("migration") "0 R r m one 1\ S 10 another along their 

seeds, part icularl y in the past bUI it seems that the trend is st ill going on in ethiopia In addul n. 

since lentil is a food crop it moves through compl ex marketing 11e.works' 'R h Irom one 1\ 10 anal cr 

in Ihe form of seed/grain where it might be used for culli"311011 °lol,ere'o I d 0 0 f I ' . I' re. I Ie eVlalion 0 11(: 

result frolll the general view could be ex plained by the moderatel y high mlc of seed exchange 

between the ARs due to "migration" and marketing networks. 

The global FST, analogous to Wright's gene fi xation index (FSI), is the measure of Ihe len:1 of 

gelletic structuring within the lotal population (bc!wcc,I subpopul:l1ions). In this study. the ~It)bal 

FST (0.4372 1) was highly significant (I' < 0.00\,1023 pCl1ll1J1alions) indicating IhOllherc I~ u 

moderate level of genetic structuring within Ihe 10lal landr:lcc pOj)ulntion. This nlso agrees \\Ith 

the results from genetic differentiation (GS!) analysis. Popull1lion specific FST indi es (Weir and 

Hill, 2002) could be computed such that the global FST index wou ld be a wciShtcd Iwcrnge of 

population specific FST values. These coefficients arc provided mainly 10 sec if some populations 

do contribute differently than others to the average FST. which could be indicative r specinl 

evolutionary constraints in these populations (selection. bottleneck. CIC ••• ). lnluilhcly. 

population-specific coefficient s wo uld reprcselltlhe degree of c\'oiution of particular populations 

from a common ancestral population, which would havc split into nllthc demcs considered 10 the 

genelic structure (Weir and Hil l, 2002). In thi s st ud y. poplilation specific FST\'alucs wen! highl) 

signi ficant (p < 0.00 J, 1023 permutations) for all populmiolls and ranged from 0.41175 for 

samples of Gonder to 0.45081 for samples of Arsi. This indicates Ihal all Ihe populluions 

contributed nearly equall y to the average FST implying the absence of special c\'olulionary 

I , A' T raj' Bnlc Wello and Gojam (in 
cOllslaraints in Ethiopian lentillandraees. Samp es LTom , rSI. Ig. . • . 

I 
0 0 FST I ) I 'cd PST values abo\'c the a\'croge FST 

t 1C order of magni tude of their spcellie' va ues 510\\ 

SI,0\\' certain degree of e\'olulion fr0111 the lot31 13OOm« 
suggesting that these populations 

population . 

. r. based on geographical proXimity of the 
Ethiopian land race accessions were grouped mto our 

• I ene now (represented by seed movement In 
ARs to one another in the assumpUOn that there \\as g 
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the case, o~ lentil) re~ul~ing from many social and economic factors. Such grouping revealed 

highly slgl1lficant vanatlon (p < 0.001 1000 pcrmutat 'lo s) .. . . ' n among geographIcal regIons ( Rs), 
among ARs wlthlll GRs and within GRs. The hi ghest p o n· r . . r po Ion 0 genel lc variance was 

attributed to within OR variation (55.91%), The variation among AR . I · GRs . 5 WlIlIl1 was Also high 

(39.47%). whereas the variation among GRs was ex tremely low (4 6''') ·n · I . . . lIO, li S rcsu t agrees with 

the analysis of population differentiat ion (05t) above The lower propon·o r . . . I n 0 genetIc vanance 

attributed to among ORs than within GRs also indicates Ihe high rate or gene now (seed 

exchange) between the GRs. When compared with among AR variation, among OR variat ion is 

very [ow, This confirms the expectation thaI Ihere is high rate of seed exch~\Ilgc (gene Oow) 

between the neighboring ARs than tbose located far apart from one :molher. 

On Ihe other hlllld, geographic<:1 region (GR) spccifi(' F·sl indiC'l's were highly sirnificanl (p < 

{J,OOI, 1023 permutations) among GRs (FCT = 0.0·162), P < 0.0001), within GRs (FST 

0.44093; P < 0.0001) and ARs within GRs (PSC = 0.41 381: p < 0.000 I). In Ihis c.sc. the highest 

F.statistic value was obtained for within GR variation than among ARs within GRs, while thot 

between GRs was very minimal. This indicates that there is a relatively high genetic structuring 

within GRs than between ARs within GRs. This also indicates the presence of a slightly higher 

]'fIte of gene (seed) flow between ARs within GRs than within GRs. The minimal genetic 

sl Hlcturing observed between GRs indicates Ihe presence of high r:lte of gene (scecl) now 

lJ ''': i\\"~ ~' n the GRs than <lmon~ ARs within C I~s . . , 

6.2.2 .2. C lusteri ng Analysis 
Two major clusters were obtained at 76 % similarity level usmg Dice's (1945) similArity 

coefficient. Most exotic genotypes (7) tended to fonn distinct cluster while some of Ihem were 

grouped into the other major cluster along with the landracc accessions. This indicates that ISSR 
. f · o·gcnolls land race accessions of lentil at 

marker tended to distinguish eXOIIC genotypes rOIll III I 

76% similarity level. 

. . . r. arate clustering analysis conducted for 
Smularly two major clusters were obtamed Irom a sep 

. . ' . o. ·1· Most of the samples from \Vello, Gonder, 
Ethiopian lentillandrace accessions at 85Vo 511111 anty. 

. Iter (eluster I) while most of the samples from 
Bale and Arsi were grouped into the first major c us ' 
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Shewa, Gojam and Tigray were grouped into th d ' 
.. . c seeon major cluster (cluster II), luster I 

further subd ivided mto two subclusters which id 'fi d • entl Ie sam ples of Wello in one subcl uster 
(subcluster II). and samples of Arsi and Bale in a 1011 bel 

. I ler su USler (subcluster Id. In general 
5.'lmples Gonder were d ispersed within the major clusters d dOd " " ' an I not form" distinct son of 
cluster or subcluster. This confinns the result frolll gCn"fc' . 

C I structuring that there IS n. moderate 
level of gene fl ow between the different ARs of Ethiopia so tl t II I' , 13 a samp es IrOm the same AR 

did not fa ll into a separate cluster/subcluster In addition tl f . , le appearance 0 most of the samples 

from the same AR in the same cluster further confirms Ihe AMOVA I I h " , rCSlI I I lat I CfC IS also It 

moderate level of gene differentiation. 

The cophenct ic correlations of the UPGMA tree find Dice's simila rit), matrices (trce mmriccs) for 

the entire plant materials (r = 0.93) and tile Inndr8cc:l ::cparatl'l" (I O.~2), \\'(,Ie \cry cood and 

good, repectivcl)' (imerprclcd subject ively ;.ccordi!111 10 Itohlf, :WO"). 

6.3. Correlation of Morphologica l and Molecular Dissimil:lrity Malrices 

The correlation between morphology based and ISSR-markcr based matrices for the whole plnnt 

materials evaluated (Iandraces and exot ic genotypes; r "" 0.42, p < 0.001) and separatcly for 

landraces (r = 0.26, p < 0.001), revealed posi tive and significant correlation. No rcpons \\ cre 

obtained comparing the extent of agreement between morphological and any of the molecular 

mnrkers in Icnt il. Howcvcr. Yoscph ('( d. pOO:) \':ud:i!l,,~ OIn Ethiopian !rU ~itiona l maw: 

nceessiollS reported a correlat ion value of r c O.li3 <:.ld r 0.39 L.'t\','(cn 15 Illorphologicnl 

characters and SS R and AFLP, respectively. Furthermore, Rold:m-Rui1.. ef (II. (2001) working 

with 16 rye grass varieties reported a correlation value of I' = -0.06 between AFLP and 15 

morphological characters. In addition, Bolaric e( (II. (2005) working on 12 phenotypic characters 

of 22 perennia l rycgrasses reported a correlation value of r = 0.10 Octwcen morphological and 

molecular (RAPO) marker. Therefore, in comparison wiill the ryegrasscs, Ethiopinn lentil 

land races appear to be more stable as suggested by the higher agreemcnt between phenotypic nnd 
" h b d hCl10typic variation wns at least 

ISSR based molecular distances and indicates that t eo serve p 

partly caused by genetic factors. However, when compared to the traditional Ethiopian maize 

a
. ..' . scenl to be less stable. 'onetheicss. the positive 

ccesslons, ElhlopJan lentil landrace accessions . 
" d' tance matrices indicate that they likely 

and Significant correlation obtained between the tWO IS 
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reflect the same pattern of genetic di versity and validate the usc of the data 10 calculate the 

different diversity statistics for the lentils. Nevertheless. the genet ic relat ionship observed using 

molecular markers may provide information on the history and biology of cuhi\'ars. bUI it does 

not necessarily re fl ect what may be observed wilh respect 10 agronomic trai ls (MClllIS el at, 

2000). 

63 



7, CONCLUSION 

In the present study, morphological variability and molccula d' . r--. . . . , r Ivcrslly 0 the landmces sep~ralc1y 
and In comparison wilh exOtic genotypes were assessed I 'd' I' • • . .. 0 provi C Inlo nn3110n .... '1ln respect 10 

their genelic vanat lon. 

Morphological variabil ity study showed the presence of signific""1 va" ' I' 'h ' hid " I" Ion Wit 111 I e an race 

access ions and exotic genotypes altogether for all the measured agro-morphologicnl In1lIS. 

Although the variation between the accessions/genotypes was significant for dnys to flowering 

and maturity, they showed narrow level of phenotypic and gcnOlypic coefficients of varjlllion n! 

compared to other characters, suggesting low opportunity for improvement of these Irails through 

selection. 

Comparison of exot ic genotypes to landracc accessions rcvcaled that bolh Rroups w\!rc iml'lOrtniU 

for one or more character(s) that was lacking in eilher of them. For instance. landraccs sho\\cd 

higher average value and wider level of variation for number of primary branches, pods and seeds 

per plant . \vhereas exotic genotypes showed higher average values for seed yield. biomas . 

harvest index, days to flowering and malurity and plant heiRht. Nevertheless, the landmcc 

accessions showed broader variation fu r all the ehnrnelers except for days 10 nowcring nnd 

maturity. 

Within the landraces, 100 , there was a broader range of variation bel ween Innd racc populations 

from different ARs for the traits that might be lacking in eilher of them. Therefore. bolh inter­

and intra-population improvement activities could be carried out to improve the chamcter of 

interest. Furthermore, the Ecui lidian di stance between populations could provide a landmnrk on 

which populat ion(s) to use. 

Ik 
I s of fivc individu.11 plants per accession 

In molecular ana lysis of the present study, bu ' samp e 
I d I . 'h genetic diversity within all the plant 

were used for ISSR fingerprinting. The results revea e lIg . 
. . f Iness of bulk sample anal)'sis for diversity 

matenals considered , and therefore validate the use u . 
. . I d rapid method of !lSSCSSmg gcnetlC 

assessment in lentil. This technique is econollnca an . be: f 

I by 
'
epresenting an accession with optimum num r 0 

variation in a large set of germp asm 
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individual plants. Bulk analysis technique originall y des' de " " • Ignc lor mapping cxperuncnts by 

Michelmore el at. (1992), relies on the di fferences bctwcc ( t "I ") h n no w ll lin I c bulked samples 

(accessions and genotypes in the present study). 

In comparison to the landraces, exotic genotypes were found more polymorphic and diverse, 

which Illight be due to the fac t Ihal they have come from a series of improvement acti vities. 

Separate analysis of the Ethiopian lentil 1andraces reveal ed high level of genclic di vcrsity within 

the samples from Shewa, Wello and Gonder. Relati vely, lower genetic di versity was observed for 

all other populations with tbose from Bale and Arsi being the least di verse. III gencml, 

populations with high intra-population geneti c diversity were gcnctiell l1 y dislantly related to 

populations with lower intra-populat ion genetic diversi ty. GR-based diversi l) "s~cssmenl 

revealed the least within GR diversity for samples from SEE and the highest for s..,\ l1lplcs from 

NEE. On the other hand, samples from CE were geneticall y more distantly related to samples 

from SEE" 

There was moderately high level of genetic differentiation and gene flow among the different 

ARs. Furthermore, there was very high level of gene flow but lower coefficient of genetic 

differentiat ion among the different GRs of Ethiopia (re lati ve 10 Ihal observed among ARs) . 

Analysis of geneti c st rue\Ure for Ethiopian lentil Innd races revealed Ihat the highest proportion of 

genetic variation was attributable to within AR than among AR variation. Similarly. the highest 

proport ion of variation was observed within GR variation, wh ile the proport ion of v.triation 

attributable to among GRs was very small, although significant. This confirmed the results of Gst 
" I f flow and genetic difTerenliation among Ihe 

Ihat there was a moderately high leve 0 gene 

d
" IT d h" I I I f ene now but low level of genetic differentiation among the 
Illerent ARs; an very Ig l eve 0 g 
" fi d b r.ST val ues wi lh re ference to the total ARs and 

different GRs. This was further con Irllle Y r. 

R 
"r, FST values indicated the absence of evolutionary 

GRs. On the other hand, the A -SpeCI IC 
I ulation contributed to the average PST almost 

constraints in all the populations where eac 1 pop 

eqllall y. 
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Clustering analysis from the standardized agro-morphological data clustered the land races (with 

and without exot ic genotypes) into two major clusters with three di stinct groups. Similarly. the 

land races (with and without exotic genotypes) were clustered into two major clusters with three 

distinct groupS based on molecular data. There was highly significant correlation between the 

di stance mat ri ces derived from the Euclidian distance matrix of morphological data and cj's 

(1972) genetic distance matrix derived from molecular data. The existence of highl y sign ificant 

correlation between the two types of data indicates the stability of the lelltillandraccs (and exotic 

genotypes), which also implies that the observ~d phenotypic variations were at least p:1rtly 

attributed to genetic factors. Furthermore, the agreement of thc two mcthods va lidates the usc of 

both approaches for characterizing the genet ic diversity in lentil s. 
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8. RECOMMENDA nONS 

Plant genetic resource conservation strategies, inflo d b fmc y an understanding of the genetic 

variation wi thin species, are likely to result in a wider represclllatiOll of d dO . • , conserve 1vcrsllY III ex 

sifll gene banks and in situ genetic reserves. 

Ethiopian len til landraces are susceptible 10 various biotic and abiotic stresses, small seeded and 

low yie lders, which discouraged breeders from designing improvement acti vities for the 

landraces. Yet, compared to exotic genotypes, they have beller average performances and wider 

variability for some characters. Therefore, breeders should be encouraged 10 design improvement 

activities targeting improvement/amendment of the landraccs for dual purposes: for uti1i7ing the 

best characters from the best gcnnplasm types (indigenous landrnc('s \'s exotic genotypes) ,1I1d for 

in Silll conservat ion ()f the rcncs and rcnelie divers ities of indigcnous 1:'II1omC'cs. 'nli~ clln he done 

by a combination of two or mort' brceding ICChlliqucs: selection of lile most nppropriatc 

individual plant from the most appropriate population and the variolls crossing techniques. 

Furthennorc, the wider variability observed in the land races shou ld al so encourage lOe for 

further collection activities so as to conserve more variable accessions. 

Molecular analysis of the present study revealed a relati vely low gcnctic di versity for samples or 

Bale, Arsi, Tigray and Gojalll . Assliming that the accessions sllldi.:d represent Ihe genetic 

din' r:;ity at me collected [ro,n ti le ~:pcc ified !d ~s <ll1d that Illor~ di \,rlsity is l;l\'nilablc in thesc 

ARs therefore [wiher colle.clions should be made 10 cover more diversity from thc ARs with , , 
low genet ic diversity (Arsi , Bale, Gojam and Tigray). On the other hand. apart rrom targcting 

areas of low genetic diversity for further collection and other forms of conser\'3tion, an approach 
. . .. ' tl a 1 those wi lh a low diversity rna)' 
111 wl1lch regions of high diversity contri bute marc accessions 1< I 

W III d Shewa should be represented by morc 
be lIseful. In this approach, therefore, Gonder, e 0 an 

• ° f I II ction activities in Ihese ARs. 
num ber of accessions, which IIlV ltes urt ler co e 

d accessions is not well 
F 

. bO I' f Ethiopian lentil Ian race 
urtheremorc the genetic vana I IIY 0 

, . ' fore further studies should be encouraged SO 
Characterized even wi th morphological tratts. There . ~ h 

. . . which is important for improvement and urt er 
as to generate information on their diverS ity, 

conservation programs. 
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Appendix S. Definition of the agro·morphologica l traits used in Ihe study 

I. DTF (Days to flowering): Num ber of days from planting to appearance of the first flower. 

2. DTM (Days 10 maturity): Number of days from planting to phys iological maturity. 

3. PH (Plant height) : The above ground height of the plant. 

4. NPB (Number of primary branches): The number of branches extending from the main stem. 

S. NSB (Number of secondary branches): The number of branches extending from the primary 

branch. 

6. NP (Number of pods): Total pod count. 

7. IS (Number of seeds): Total seed count. 

8. I-IS\V (Hundred seed we ight): The weight of hundrccl randoml y sampled seeds. 

9. l3 iol11 (Biomass); Above ground we igh!. 

10. SY (Sced yield); The wcight oftolal seeds from a single pl(ll1l. 
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Appendix 6. Average agronomic performance of 81 ienlil ll\ant materials (70 I d . ,( an race accessIOns 

10 released varieties and I candidate genotype) at SARC during Bona/Meher 2005 ' , 

Source Accession! DTF DTM PH NPB NSB NP NS I-ISW Diom SY 
genotype 

\Velio 207309 62.67 109.00 32.80 8.70 5.25 107.90 167.10 2.55 9.07 4.35 

\Velio 36168 66.59 108.50 28.60 8.20 14.67 124.80 192.402.57 10.20 4.89 

\Velio 36162 62.50 108.00 29.70 no 14 .92 142.90 187.70 2.69 9.97 4.78 

\Velio 3615 1 66.75 108.50 27.40 8.20 17.25 134.90 161.70 1.97 9.00 3.83 

\Velio 3614 1 64.17 108.50 33 .90 8.00 10.50 147.10 218.70 2.60 11.94 5.72 

\Vello 36104 63.75 109.5032.70 5.85 6.17 119.40 180.40 2.85 10.805.17 

\Vello 36103 66.50 109.00 31.80 8.30 12.09 164.00 258.30 2.76 14.79 7.09 

Well a 36101 66.17 110.50 30.70 8.50 8.50 115.40 178.30 2.39 10.32 4.23 

\\ 'ello 36097 66.84 111.00 }6.60 8.40 9.25 150.00 234.60 2.43 11.65 5.58 

Wcllo 36084 69.84 110.5030. 10 8.70 10.67 150.70 228.50 2.45 11.93 5.72 

Arsi 231240 67.67 111.00 27.20 7.50 8.59 97.40 127.002.18 5.97 2.86 

Arsi 23 1239 66.00 110.50 28.30 7.70 10.75 134.00 183.402.35 9.17 4.39 

Arsi 216881 64.09 110.00 28.30 5.70 2.75 69.00 106.60 2.24 6.12 2.45 

Arsi 216879 65.50 11 1.00 27.80 7.80 6.50 99.90 153.00 2.20 7.13 3.42 

Arsi 36131 6942 110.00 28.80 840 11.00 135.10209.102.38 11.60 5.08 

Arsi 36047 63.92 110.00 29.20 7.20 7.25 94 .80 143.90 2.29 6.52 3. 13 

Arsi 36042 65.09 110.00 29.30 7.70 11.17 98.80 151.00 2.30 8.34 3.52 

Arsi 3604 1 65.67 111.00 27.40 8.60 6.09 107.10 150.80 2.33 7.55 3.62 

Arsi 36008 70.67 111.00 27.30 8.20 7.59 108.50 180.90 2.28 8.58 4.11 

Arsi 36007 64.50 110.50 28.609.10 13.92 134.00 204.202.16 9. 11 4.36 

ICARDA Chale\\' 75.09 114.00 30.30 8.90 7.42 121.70 120.95 2.55 6.91 3.31 

ICARDA EL-142 68.34 110.50 28.80 6.80 8.84 102.00 139.10 V II 6.74 3.23 

ICA RDA Ada'. 79.25 124.50 34.00 7.85 12.92 56.80 78.20 380 609 2.92 

ICARDA Chekol 71.09 112.00 29.50 6.40 11.42 107.30 169.43 2.22 8.0 1 3.84 

ICA RDA Gudo 62.17 126.00 35.20 654 4.42 77.40 86.70 4.76 8.57 4.11 

ICARDA Teshale 70.59 11 3.00 30.80 6.20 7.34 52.70 67.90 3.74 5. 15 2.47 

ICA RDA R- 186 85.67 154.00 35.92 8.67 7.58 92 .17 118.50 2.46 7.54 3.6 1 

81 



Appendix 6. Continued 

Source Accession! DTF DTM PH 
JlCnotype 

NPB NSB Nil NS IISIV Biol11 SY 

ICARDA Alemaya 63.92 112.00 29.30 8.00 8.25 105.90 121.50 ). 15 9.83 4.71 
(CARDA Alemtcna 70.09 114.00 28.90 6.30 11.33 67. 10 82.63 3.68 8.04 3.86 
ICARDA Assano 62.42 109.00 28.40 7.20 5.75 9 1.1 0 94.00 4.61 11.11 5.33 
ICARDA FLlP-88-3L 60.50 109.00 28.90 7.20 6.58 69.60 77.60 4.38 8.61 4.36 
Bale 36029 62.34 109.50 30.20 9.60 14.92 143.10 254.40 2.38 12.45 5.97 
Bale 23 1243 64.42 109.003 1.80 7.90 I ).Q9 159.00 290.30 2. 18 13.86 6.64 
Bale 237688 63.42 109.00 30.00 9.00 11.09 119.90 161.80 2.39 9.41 4.51 
Bale 230020 64.67 110.00 31.40 13.40 10.59 124.00 171.80 2.6 1 9.37 4.49 
Bale 230017 65 .59 109.00 27.90 8.30 7.67 122.60 178.83 2.34 9.26 4.44 
Bale 2300 15 66.42 11 0.50 26. 10 8.30 11.67 107.50 133.73 2.25 5.35 2.57 
I3Clle 21285 1 69.42 109.50 29.30 6.80 6.84 84.60 120.34 2. 10 7.72 2.50 

Bale 212848 61.50 108.00 30.80 8.20 5.92 93.20 137.70 2.52 7.24 3.47 

Dale 36 12 1 67.92 109.50 29.40 8.10 10.25 168.60 256.20 2.32 12.196.08 

Bale 36033 64.17 108.003 1. 709.70 7.00 153.20 194,)0 2.45 10.46 5.01 

Gonder 36072 64.00 108.50 25.90 8.30 12.50 " 9.00 166.80 2.23 9.63 3.90 

Gonder 36065 64.67 109.50 30.80 9.40 13.09 196.40 289.90 2.28 13.65 6.54 

Gonder 36026 65.17 111.50 30. 109.10 7.09 123.60 175.50 2.44 8. 10 4.36 

Gonder 36146 65.92 11 0.00 29.90 8.50 8.34 125.50 201.60 2.69 11.25 5.39 

Gonder 207305 69.59 11 1.50 28.00 6.30 5.25 62.50 80.20 2.59 4.62 2.2 1 

Gonder 207291 66.00 110.50 29.50 7.80 5.42 105.20 157.60 2.66 9.33 4.47 

Gonder 207266 62.67 109.50 30.30 7.20 8.25 10 1.90 13 5.30 2.78 7.91 3.79 

Gonder 207259 68.84 11 2.50 30.30 HO 534 70.40 96.70 2.69 5.60 2.68 

Gonder 207257 63.00 11 0.00 27.70 7.80 7.59 11 3.90 173.602.77 11 .594 .83 

Gonder 36086 68.59 109.50 28.50 8.10 7.42 97.90 124.73 2.73 7.18 3.44 

Shewa 36001 65.84 11 0.50 28.00 9. 10 9.92 11 0.50 136.20 2.41 7.00 3.36 

Shcwa 236891 65.34 II 1.50 27.90 8.60 4.92 111.20 156.30 2.60 8.87 4.25 

Shewa 229184 63.59 II 1.50 29.40 7.80 7. 17 114 .70 168.20 2.68 10.38 4.49 
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Append ix 6. Continued 

Source Accession/ DTF DTM PH NPJ3 NS Il NP NS HSW Biom SY 
Ilenotype 

Shewa 36056 63.75 109.50 26.30 7.10 5.75 82.60 115.00 2.26 7.72 2.74 
Shewa 36048 66.25 11 0.00 26.30 7.20 7.09 70.40 95.30 2.44 6.46 2.38 

Shewa 36020 63.42 110.00 26. 10 7.50 7.42 106.20 139.00 2.38 7.42 3.56 

Shewa 360 14 66.75 109.00 28.50 6.50 5. 17 75.50 96.00 2.79 5.94 2.85 

Shewa 36009 67.92 109.50 27.90 8.20 7.75 11 8.60 167.40 2.41 8.68 4.1 

Shewa 36006 59.00 105.50 27.40 6.90 6.75 117.80 178.20 2.39 10.5 1 4.32 

Shewa 36003 64 .09 107.00 27.80 8.30 7.00 92.70 141.50 2.38 6.34 3.04 

Goiam 36024 70.84 11 1.50 29.20 8.20 9.67 115.00 146.70 2.24 7.40 3.55 

Gojam 36028 68.42 112.50 28.10 7.90 6.25 97.20 141.60 2.30 7.3 1 3.50 

Gojam 36027 64.00 110.50 26.90 7.90 5. 17 79.30 106.70 2.46 8.31 2.79 

Gojmn 36025 54.92 104.00 22.50 7.40 6.00 86.50 12 1.40 2.23 5.39 2.58 

Goimn 36069 64.00 109.00 31.20 7.80 5.50 106.70 145.70 2.32 7.57 3.63 

Goiam 241132 67.75 113.00 30.60 8.30 8.09 109.50 146.40 3. 10 8.53 4.09 

Goiam 238978 69.92 113.00 28.50 7.80 5.50 96.00 136.30 2.43 7.32 3.5 1 

Goiam 2 19507 67.92 115.50 29.80 8.20 5.84 100.50 124.50 2.77 7.39 3.54 

Goiam 2 12745 63. 17 11 3.00 29.50 8.30 8.34 113.20 142.40 2.66 7.93 3.80 

Goiam 36 11 8 70.42 114.00 30.40 5.90 4.92 62.40 96.40 2.41 5.88 2.34 

Tigra\' 223222 66.00 112.00 27.50 6.30 3.42 78.30 100.70 2.42 5. 172.48 

Tigra\' 213254 64.25 110.00 27.00 5.70 ' ?' J._) 75. 10 102.70 2.36 5. 13 2.46 

Tigra\' 223224 68.84 110.00 30.55 7.00 4.1 0 76.70 98.50 2.58 5.37 2.57 

Tinra\' 219957 67 .34 111.00 27.40 6.70 3.84 59.60 84 .90 2.45 4.492.15 

Tigra\' 223223 67.59 109.00 29.90 7.20 4.59 70.00 99.90 2.43 6.70 2.49 

Ti gra\' 223220 63.84 11 0.00 28.20 9.10 8.09 11 3.40 147.00 2.69 8.04 3.85 

Tim\' 207260 63.50 109.50 30.90 6.60 4.34 91.00 130.80 2.91 7.79 3.73 

Tigra\' 219954 63.92 110.00 29.40 6.40 2.50 98.70 14 2.50 2.48 7.78 3.73 

Tigra\' 22 1719 61. 17 109.50 25.00 5.90 3.09 66.90 77.30 3.06 5.42 2.60 

Tigr,,\' 219953 64 .67 112.00 27.60 6.90 3.59 89. 10 123. 10 2.54 6.68 3.20 

Mean 66. 10 111. 1629.28 7.8 1 7.9 1 105.64 149.19 2.60 8.36 3.89 
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