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Forty-nine tef, Eragrostis tef (Zucc.) Trotter, genotypes comprising 36 improved and 10 farmers’
varieties, and, three elite breeding lines were field evaluated using 7 x 7 simple lattice design at two
contrasting locations (Debre Zeit and Alem Tena) in central Ethiopia during the main cropping season.
The objective was to assess the extent and pattern of genetic diversity for 23 quantitative pheno-agro-
morphological traits. Differences among the varieties were significant for most of the traits except
lodging index, thousand seed weight, plant weight and grain yield per plant at each location. Similarity,
the pooled analysis over locations showed significant genotype effect for most of the traits except
number of total and fertile tillers, lodging index, plant weight and grain yield per plant. The varieties
were grouped into seven clusters of different sizes. Improved varieties resulting from direct selection
and hybridization were clustered together while local varieties mostly remained solitary. Principal
component analysis depicted cumulative effects of a number of traits resulted in the differentiation of
the varieties into clusters. Genetic distances among most of the clusters were significant such that
crosses between parents selected out of them are expected to generate desirable genetic
recombination. Hence, incorporation of farmers’ varieties in the breeding program would be imperative
for broadening the genetic base of the released varieties. Moreover, future research strategies on
germplasm collection, conservation, rejuvenation, characterization, selection and incorporation must
be given due emphasis in the tef breeding program.

Key words: Clustering, genetic diversity, improved varieties, farmers’ varieties, pheno-agro-morphological
traits, principal component analysis, tef.

INTRODUCTION

Tef, Eragrostis tef (Zucc.) Trotter, underutilized crop, is
the staple food in Ethiopia and Eritrea. Ethiopia is the
centre of origin and diversity of tef (Vavilov, 1951). In

*Corresponding author. E-mail: tsifikre@yahoo.com.

Ethiopia, tef occupies almost one-third 30% of the total
area under cereals and represents about 20% of cereal
production with average yield of 1.75 t/ha (CSA, 2018).
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The national tef production increased from 5.047 million
tons in 2017 to 5.156 million tons in 2018, an increase of
5.24% in a year (CSA, 2018). A number of wild forms are
also known to exist and from the total of 350 Eragrostis
species 44 of them are found in the country (Phillips,
1995), and 14 (26%) are said to be endemic (Cufodontis,
1974). For effective breeding and germplasm collection
and conservation scheme, it is primarily essential to know
the extent and pattern of genetic diversity (Demissie and
Bjgrnstad, 1997). Cognizant of this fact, various genetic
diversity studies have been conducted and revealed
tremendous amount of phenotypic variation in tef
varieties (Jifar et al., 2011); cultivars (Tefera et al., 1990)
and landraces (Assefa 2001a, 2002a, 2003b; Kefyalew et
al., 2000; Adnew et al., 2005; Plaza-Withrich et al.,
2013). These local genetic resources are invaluable in
the breeding system as they provide premium genes of
different traits to improve the quality and productivity of
tef. On top of that, farmers’ seeds are generally
considered by agronomists as resources with limited
potential, with a share of responsibility for the low
productivity of traditional agricultural systems (Vernooy,
2003). This is due to the widespread adoption of
traditional tef varieties with low production potential.
Undeniably, in traditional agriculture, local varieties
constitute the bulk of the plant material used (Missihoun
et al., 2012). While improved tef varieties have better
agronomic performance, they are not well adopted and
thus little cultivated by the growers due to their
unavailability (Plaza-Withrich et al., 2016), requisite for
specific inputs and their organoleptic qualities which still
fall sort of meeting users’ needs.

Nowadays, agriculture needs to be focused not only on
selecting good performing varieties but also to the
diversification of cultivars in seed system (Baco et al.,
2007). The study was made to get information about the
tef improvement efforts so far done and their contribution
towards maintaining genetic diversity. Therefore, the
objective of this study were to assess the pattern and
extent of genetic diversity among the Ethiopian local and
improved tef varieties and to identify the major
morphological traits having relative contribution to the
overall variation.

MATERIALS AND METHODS
Plant materials

The experimental materials comprised 49 tef genotypes. These
including 36 improved varieties which were released by federal and
regional agricultural research centres of Ethiopia until the year
2016, three elite lines of which one was introduced from University
of Bern, and 10 farmers' varieties widely grown in different areas,
and commonly used as local checks in national tef yield trials in the
country (Table 1).

Study sites

The field experiment was carried out at two contrasting locations
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(Debre Zeit and Alem Tena) in the central highlands of Ethiopia
during the 2014 main season. Debre Zeit is located 47 km and
Alem Tena 109 km in southeast of Addis Ababa. The two locations
represent two different agro-ecologies of the country. Debre Zeit
shows relatively constant rainfall with about 73% of the annual total
of 832 mm of rainfall received during the main growing season from
June to September. The experimental field at this site is
characterized by heavy black soil described as very fine
Montmorillonitic Typic Pellustert or Pellic Vertisol (Tsegaye, 1992)
with very high moisture retention capacity. In contrast, Alem Tena
often receives more than half of the annual total of 500 mm rainfall
in only two months (July and August). The poor rainfall is
distribution coupled with relatively high temperature and the
experimental field at this site is characterized by very light sandy
soil (Andosols) with low moisture holding capacity. The weather
conditions during the growing season were favorable and the
experiments were received sufficient amount of rainfall for normal
growth of tef crop at each of the test sites. The geographical
coordinates, climatic and soil-related data of the two locations
during the growing period have been summarized in Table 2.

Experimental design and management

The field experiment was conducted using 7x7 simple lattice
designs with two replications. Each plot (1 m x 1 m) consisted of
five rows of 1m length with an inter-row spacing of 0.2 m. The
distances were 1 m both between plots and incomplete blocks, and
1.5 m between replications. The varieties were allotted to plots at
random within each replication. As per the research
recommendations of 15 kg ha™, 1.5 g plot™ of seeds was hand
broadcasted along the surface of each row. The experiment was
planted at Alem Tena (light soil) and Debre Zeit (black soil) in the
middle and end of July 2014, respectively. Fertilizers used were 40
kgN and 60 kg P,Os per hectare for light soil at Alem Tena, and 60
kg N and 60 kg P,Os per hectare for black soil at Debre Zeit. DAP
was applied all at planting, while urea was applied two weeks after
sowing and top dressed at tillering stage. Hand weeding was made
three times during the crop growth stage.

Data collection

Data for the 23 quantitative pheno-agro-morphological traits were
recorded on plot and individual plant basis. The following traits were
taken on plot basis:

(1) Days to heading (DTH): The number of days from sowing up to
the emergence of the tips of the panicles from the flag leaf sheath

in 50% of the plot stands.

(2) Days to maturity (DTM): The number of days from sowing up to
50% of the plants in the plot reaching physiological maturity stage
(as evidenced by eye-ball judgment of the plant stands when the
colour of the vegetative parts changed from green to colour of
straw).

(3) Grain filling period (GFP): Number of days from 50% heading to
50% maturity of the stands in each plot obtained by subtracting the
former from the latter.

(4) Lodging index (LOGI): It is measured according to the method of
Caldicott and Nuttall (1979). The method was taken as the product
sum of the lodging degree taken on a 0-5 scale (0 being erect plant
and 5 completely lodged) and the lodging severity as percent of the
stand.

(5) Thousand seed weight (TSW): The weight of thousand kernels
in milligram sampled from the entire plot.

(6) Biomass yield (BY): Above ground total (shoot plus grain)
biomass in gram for the entire plot.

(7) Grain yield (GY): The weight of seeds harvested in gram from
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Table 1. Description of plant materials used in the experiment.

S/N  Varieties name Origin S/IN Varieties name Origin
1 Asgori DZARC 26 Genete SARC
2 Magna DZARC 27 Zobel SARC
3 Enatite DZARC 28 Mechare SARC
4 Wellenkomi DZARC 29 Laketch SARC
5 Menagesha DZARC 30 Guduru BARC
6  Melko DZARC 31 Kena BARC
7  Tsedey DZARC 32 Ajora Areka ARC
8 Gibe DZARC 33 Gemechis MARC
9  Dukem DZARC 34 Kora DZARC
10 Ziquala DZARC 35 Werekiyu SARC
11  Gerado DZARC 36 Dagim DZARC
12 Koye DZARC 37 Elite lines (RIL-129A/DZ-Cr—387 X Kaye Murri) DZARC
13 Key Tena DZARC 38 Elite lines (RIL-27 /DZ—Cr-387X DZ-Cr-37) DZARC
14  Gimbichu DZARC 39 Elite lines (GA-10-3) University of Bern
15 Dega Tef DZARC 40 Local check DebreZeit
16  Amarach DZARC 41 Local check Minjar
17  Quncho DZARC 42 Local check AlemTena
18 Simada DZARC 43 Local check Holetta
19 Boset DZARC 44 Local check AdadiMariam
20 Ambo Toke HARC 45 Local check Adet
21 Holetta Key HARC 46 Local check Motta
22 Yilmana AARC 47 Local check Enewary
23 Dima AARC 48 Local check Melkassa
24 Etsub AARC 49 Local check Sirinka
25 Gola SARC

*DZARC= DebreZeit Agricultural Research Centre; HARC= Holetta Agricultural Research Centre; AARC=Adet Agricultural Research Centre;
SARC= Sirinka Agricultural Research Centre; BARC= Bako Agricultural Research Centre; Areka ARC =Areka Agricultural Research Centre;

MARC=Melkasa Agricultural Research Centre.

each plot.

(8) Harvest index (HI): It is the ratio of grain yield to shoot biomass
sampled from the entire plot expressed in percent.

(9) Economic growth rate (EGR): It is the ratio of grain yield to grain
filling period considered from the entire plot expressed in percent.

The following traits were taken on individual plant basis, and these
observations were made on five random samples of plants from the
central row of each plot, and the averages of the five plants were
used for analysis.

(1) Plant height (PLH): The length from the base of the stem of the
main tiller to the tip of the main shoot panicle at maturity recorded
as the average of five plants per plot and measured in centimeter.
(2) Panicle length (PaL): The length from the base of the main
shoot panicle where the first branch emerges to the tip of the
panicle at maturity recorded as the average of five plants per plot
and measured in centimeter.

(3) Culm length (CL): The length of the main shoot culm from the
ground level to the point of emergence of the panicle branches at
maturity recorded as the average on five of plants per plot and
measured in centimeter.

(4) Peduncle length (PDL): The length from the last culm node to
the base of the panicle recorded as the average on five plants per
plot and measured in centimeter.

(5) Number of total tiller per plant (NTTP™): It is recorded as the
number of all tillers produced per plant assessed as the mean of
five random plants per plot.

(6) Number of fertile tillers per plant (NFTP™): It is recorded as the
number of panicles bearing (fertile) tillers per plant assessed as the
mean of five random plants per plot.

(7) Numbers of primary branches per main shoot panicle (NPBMPa’
Y: The average number of primary branches that emerged from the
rachis of the main panicle.

(8) Number of spikelets per main shoot panicle (NSpPa™): It is the
average number of spikelet's on the main shoot panicle of five
plants measured in millimeter.

(9) First basal culm internode diameter (FBCD): The girth of the
stem of the first internode from the ground level taken using caliper
and recorded as the average of five plants measured in millimeter.
(10) Second basal culm internode diameter (SBCD): The girth of
the stem of the second culm internode from ground level taken
using caliper and recorded as the average of five plants measured
in millimeter.

(11) Main shoot panicle weight (MPaW): The average weight of the
main panicle of five plants at harvest measured in gram.

(12) Main shoot panicle seed weight (MPaSw): The average weight
of the seeds harvested from the main panicle of five plants
measured in gram.

(13) Plant weight (PW): The average weight of single plant including



Fikre et al. 895

Table 2. Geographical coordinates weather data and soil physio—chemical properties of the test locations.

Trail sites

Parameter -

DebreZeit AlemTena
Latitude 8°44' N 8°20' N
Longitude 38°58'E 39°E
Altitude (m.a.s.l) 1860 1575
Rain fall (mm) 832 500
Soil type Vertisols Light soil
Maximum mean daily temperature (°C) 24.3 29.8
Minimum mean daily temperature (°C) 8.9 8.0
Soil physico—chemical properties
Clay (%) 65 50
Silt (%) 29 18
Sand (%) 6 32
Organic carbon (%) 2.6 14
Nitrogen (%) 0.1 0.1
Carbon/Nitrogen ratio 26 14
Phosphorus (ppm) 41 3.9
pH (1:1 H,0) 6.97 7.4
CEC (meq/100 g soil) 42.7 25

tillers harvested at the level of the ground of five plants measured in
gram.
(14) Grain yield per plant (Gy P™): The average weight of seeds for
a single plant including all tillers yield of five plants measured in
gram.

Data analyses
Analysis of variance (ANOVA)

For each trait analysis of variance was made first for individual
location, and eventually upon getting positive results from tests of
homogeneity of variances using the method F—max of Hartley
(1950), a combined analysis of variance was made across the two
test locations. For the analysis of variance, appropriate models
suitable for the experimental design were employed (Gomez and
Gomez, 1984) using SAS software version 9.00 (SAS Institute,
2002). This was used to get estimates of the variances for the
different sources of error for subsequent analysis.

Multivariate analyses

For all multivariate such as cluster, distance and principal
component analysis mean records on all traits were pre-
standardized to means of zero and variances of unity to avoid bias
due to the differences in measurement scales (Manly, 1986).

Cluster analyses

Agglomerative hierarchical cluster analysis was done by average
linkage method using the mean data of varieties. The number of
clusters was determined based on Pseudo —F and —t’statistics
using SAS software version 9.00 (SAS Institute, 2002) and the
dendrogram was constructed based on the average linkage and

Euclidean distance as a measure of dissimilarity (the distance)
technigue using the MINITAB14 statistical package.

Distance analyses

Genetic distances between clusters as the standardized mean data
were calculated using Mahalanobis's D? statistics (Mahalanobis,
1936). The D? values obtained for pairs of clusters were considered as
the calculated values of Chi—square (X?) and tested for significance
both at 1 and 5% probability levels against the tabulated value of X?
for 'P' degree of freedom, where P is the number of characters
considered (Singh and Chaudhary, 1985).

Principal component analysis

Principal components (PC) analyses were employed to identify the
main traits accounting much of the total variation among the
varieties. In this analysis, only PCs with eigen values greater than
one is considered as important.

RESULTS AND DISCUSSION
Variation in pheno—agro—morphological features

The analysis of variance for each location showed
significant variation (p<0.01) among the varieties for all
traits except lodging index, thousand seed weight, plant
weight and grain yield per plant at both locations. The
combined analysis of variance over locations depicted
significant genotype variation for all traits except number
of total and fertile tillers, lodging index, plant weight and
grain yield per plant (Table 3), indicating that these traits
could be genetically operated in order to improve the
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Table 3. Mean square, significance and CV% of quantitative pheno—agro—morphological traits of tef genotypes.

Mean square (CV %)

Trait -

AlemTena DebreZeit Pooled GxL
DTH 22.77**(2.51) 17.80**(2.86) 38.63**(2.72) 2.48%(2.72)
DTM 4.51%%(1.32) 34.38*%(1.4) 21.58*%(1.32) 22.19*%(1.32)
GFP 10.29**(2.81) 34.8**(4.52) 27.1%%(4.27) 19.77*%(4.27)
PLH 165.75**(5.28) 201.22**(6.65) 292.96**(6.06) 79.16**(6.06)
PalL 39.83™ (11.45) 29.45**(6.14) 54.89**(9.53) 15.35"%(9.53)
CL 88.28**(8.65) 100.54**(10.47) 137.60**(9.67) 53.98"(9.67)
PDL 12.57**(11.96) 6.06 "5(10.58) 11.33*(11.85) 6.99*(11.85)
NTTP 5.96 "(23.59) 20.84%(27.49) 13.68"(29.67) 16.91*%(29.67)
NFTP™? 2.57™(25.27) 18.74*(29.52) 10.61™(32.61) 14.07*(32.61)
NPBMPa™ 41.22"(19.25) 13.15%(9.17) 33.97**(15.57) 18.82"(15.57)
NSpPa™ 2687.49%(2.70) 27582.63**(12.69) 38813.23**(16.94) 13094.72%(16.94)
LOGI 36.83"(7.91) 43.86"™(11.17) 48.40™(9.5) 32.89™(9.5)
FBCD 0.003"(30.69) 0.003**(14.95) 0.004**(23.35) 0.002"(23.35)
SBCD 0.006**(29.71) 0.004**(16.79) 0.005**(22.71) 0.006**(22.71)
TSW 0.005"(19.52) 0.006"%(19.65) 0.006*(19.55) 0.005"%(19.55)
MPaWw 0.64**(24.84) 0.16%(21.00) 0.53**(25.66) 0.302**(25.66)
MPaSw 0.12**(32.80) 0.09%(25.36) 0.12**(31.2) 0.113**(31.2)
PW 0.15™(15.02) 0.64"(21.07) 0.39™(21.78) 0.541™ (21.78)
GyP™ 0.09"(27.82) 0.32"(26.03) 0.22"(29.00) 0.240™ (29.00)
BY 138428.62**(11.05) 181146.77*%(20.71) 220200.40*%(15.72) 64489.80**(15.72)
GY 3153.62*(20.13) 8463.36**(27.75) 6897.40**(25.96) 5891.13**(25.96)
HI 14.34**(20.19) 17.81**(16.17) 22.71*%(18.11) 11.09*+(18.11)
EGR 15983.1"°(20.60) 26283.46*%(28.47) 27661.33**(25.15) 19011.94%(25.15)

Ns x *x indicates non-significant, significant and highly significant differences, respectively.

yield of tef and these results are parallel with the previous
reports of Chanyalew et al. (2009). Likewise, the
genotype x location (G x L) interactions were also
significant for most of the traits apart from panicle length,
culm length, primary branch per main shoot panicle,
lodging index, first basal culm diameter, thousand seed
weight, plant weight and plant seed weight (Table 3). The
main cause of differences instability between genotypes
is the occurrence of substantial genotype x location
interactions which is due to both genetic and non—-genetic
effects, showing the importance of testing the varieties in
place and time.

Assembling pattern

The genotypes were grouped into seven diversity classes
(Table 4 and Figure 1), based on the trait considered
different members in the same clusters were supposed to
be more similar to each other than those in other clusters.
The first cluster had the largest number 59% of
genotypes resulting from direct selection, hybridization
and farmer's varieties but dominated by varieties
resulting from direct selection. These varieties tended to
form a sub—group as well. The second cluster comprised

eight of the test tef genotypes originated from direct
selection and hybridization but dominated by
hybridization. These clusters generally contained highest
performance in most of desirable traits. Hence, it directs
that hybridization might be good approach for
accumulating of the disable trait in a single variety. The
fourth cluster comprised six of the test tef varieties
originating from direct selection, hybridization and local
varieties in equal proportion. Though, in this cluster
varieties resulting from inter—specific hybridization and
elite line resulting from TILLING were included. It also
constituted the best yielding varieties with highest harvest
index and economic growth rate. Local varieties remain
solitary and form their own distinct group in cluster three,
five, six and seven. Cluster three and seven
encompassed inferior varieties for almost all of the traits.
Furthermore, from the agronomic view point the solitary
lines appear very fascinating in various aspects (Assefa
et al., 2003b). Similar to this finding. the current study
revealed interesting features of un—grouped lines (cluster
five, six and seven), such as cluster five and six
constituted longest grain filling period and peduncle
length, highest total and fertile tiller with highest single
plant and seed weight this ultimately result the highest
lodging index record and this is factual in practical



Table 4. Grouping of 49 tef genotypes into different classes using mean of 23 response traits.
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Cluster Number of genotype Genotypes include in this cluster

Source

Asgori, Enatit, Wellenkomi,Werekiyu, Mechare, Gola,

C, 29 Yilmana, Koye, Gerado, Ajora, Ambo Toke, Zobel, Kena, Direct selection
Genete, Key Tena, Dega Tef, Magna, Gimbichu
Tseday, Elite (RIL-27), Elite (RIL-129A), Menagesha, e .
Laketch, Ziquala, Gibe, Gemechis. Hybridization (intra specific)
Sirinka, Minjar, Motta. Local variety
c 8 Etsub, Guduru, Dukem. Direct selection
2 Melko,Quncho, Kora, Dagim, Amarach. Hybridization (intra specific)
Cs 3 Melkasa, AdadiMariam, Adet. Local variety
Simada Hybridization (inter specific)
Boset Hybridization (intra specific)
Cs 6 Holetta Key, Dima Direct selection
Elite(GA-10-3) TILLING
Alemtena Local variety
Cs 1 DebreZeit Local variety
Cs 1 Holetta Local variety
Cy 1 Enewary Local variety
30.48 J_
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Figure 1. Dendrogram showing relationships among 49 tef genotypes based on average linkage and Euclidean distance using

the mean of 23 quantitative pheno-agro-morphological traits.



898 Afr. J. Agric. Res.

Table 5. Clusters mean for 23quantitative pheno—agro—morphological traits in 49 tef genotypes.

Traits Clusters Grand
Cl Cz C3 C4 Cs Ce C7 mean
DTH 45.65 50.08" 48.45 42.53 40.26 41.50 40.22" 44.10
DTM 94.61 96.50 95.21 91.64" 92.92 97.03" 91.67 94.23
GFP 48.75 46.61" 46.99 47.43 52.97 55.63" 51.41 49.97
PLH 108.24 117.89" 101.62 93.88 99.29 94.89 80.54" 99.48
PaL 42.97 46.48" 42.93 36.17 37.02 40.54 31.80" 39.70
CL 65.27 71.41" 58.69 57.71 62.27 54.35 48.74" 59.78
PDL 18.38 16.87 16.84" 17.41 20.05" 19.73 19.64 18.42
NTTP? 10.53 8.76 8.02" 11.72 12.43 16.10" 9.16 10.96
NFTP™ 8.49 7.11 6.04 9.13 10.48 13.35" 7.00" 8.80
NPBMPa™* 28.50 30.73" 29.36 23.87 22.24 21.92 21.45" 25.44
NSpPa™ 539.23 647.25" 513.13 419.71 380.32 348.00 234.84  440.4
LOGI 82.74 80.14" 81.00 87.30 89.47 93.99" 83.59 85.46
FBCD 0.19 0.23" 0.19 0.18 0.16 0.16 0.14" 0.18
SBCD 0.19 0.23 0.18 0.16 0.34" 0.13" 0.15 0.20
TSW 0.31 0.32 0.27 0.31 0.42" 0.26 0.24" 0.30
MPaWw 1.53 2.05" 1.16 1.15 1.15 0.70 0.39" 1.16
MPaSw 0.67 0.90" 0.55 0.57 0.41 0.46 0.28" 0.55
PW 12.88 11.94 7.16 10.57 11.36 12.90" 6.33" 10.45
Gy P 3.36 2.74 0.95" 2.98 2.04 3.44" 1.76 2.47
BY 746.39 972.48" 734.23 578.61 791.32 526.69 307.36"  665.3
GY 205.58 217.59 115.12  241.98" 207.86 159.20 120.08 181.1
HI 13.23 12.14 8.41" 16.88" 13.42 10.99 13.78 12.69
EGR 430.37 472.30 265.61 516.71" 400.55 312.61 252.44-  378.7

*, Lowest value and ", Highest value.

circumstance. While cluster seven depicted inferior
performance in most of the trait (Table 5).

The result showed that, in most cases the varieties
originating from direct selection and hybridization
clustered together while local varieties remained distinct
and ungrouped. This may be attributed to an exchange of
genetic materials between the two breeding approaches.
The local varieties grouped separately due probably to
the presence of distinct farmer varieties in different areas.
The current cluster analysis indicated that the diversity
presented in tef genotypes cannot be reduced into a few
numbers of groups as was done in earlier studies (Assefa
et al., 2003b; Jifar et al., 2015).

Magnitude of genetic diversity

The pairwise generalized squared distances (D2) among
the seven clusters is showed in Table 6, members in
clusters with non-significant distance were assumed to
have more close relationship with each other than they
are with those in significantly distant clusters. The genetic
distance out of 21 pairs, the genetic divergences between
20 pairs were highly significant at p<0.01. The maximum
distance was found between clusters seven and five with
D°=589 followed by cluster six and five with D’=543

which was presumably due to the distinct nature of the
solitary grouped farmers’ varieties. The minimum and
non-significant distances were found between cluster two
and one D?=30, representing close relationship among
the improved varieties included hybridization and direct
selection. In view of that, the high inter—cluster distance
values obtained in this study is largely due to the
inclusion of the local varieties. It's recognized that,
geographically and environmentally isolated genotype
were dominantly found in the growers hand and plays a
prominent role to maintain genetic diversity through
providing prospects for selection of desirable agronomic
traits and for hybridization (Teshome et al., 1997).
Parents for hybridization could be selected on the basis
of maximum inter-cluster distance for isolating useful
recombinants in the segregating generations (Singh,
1990; Wallace and Yan, 1998; Chahal and Gosal, 2002).
It is anticipated that relatively better genetic
recombination and broad-spectrum of variability in
segregating progenies were obtained from crosses
among chosen varieties from these clusters. Moreover, to
increase the vyield limitation caused by narrow genetic
base (Chandel and Joshi, 1983) and to develop varieties
with broad genetic base (Chandel and Joshi, 1983;
Singh, 1990; Keneni et al., 1997) crosses among parents
with high inter—parental diversity might have a significant
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Table 6. Pair-wise generalized square distance (D) between seven clusters constructed from 49 tef genotypes.

Cluster C, (o) C3 Ca C5 Ce C,
C:1 0 30™ 74** 41** 362** 191 182**
C; 0 89** 115** 426** 289.** 308**
Cs 0 81** 536** 260** 143**
Cs 0 404** 172** 93**
Cs 0 543** 589**
Ce 0 269**
Cy 0

" *and ** non-significant, significant, highly significant respectively.
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Table 7. Eigen vectors, eigen values and percentage of total variance explained by the first six principal components (PC) for 23

response traits in 49 tef genotypes.

Eigen vectors

Traits

PC1 PC2 PC3 PC4 PC5 PC6
DTH 0.28 -0.18 0.07 0.26 -0.07 0.15
DTM 0.15 -0.05 0.11 -0.22 0.46 -0.03
GFP -0.12 0.09 0.04 -0.44 0.46 0.04
PLH 0.34 0.04 0.04 -0.03 0.16 0.10
PaL 0.27 -0.06 0.03 0.01 0.38 0.02
CL 0.29 0.13 0.03 -0.04 -0.03 0.29
PDL -0.04 0.24 0.09 -0.29 0.07 0.06
NTTP™ -0.14 0.29 0.28 0.28 0.09 0.16
NFTP! -0.11 0.30 0.21 0.35 0.13 0.28
NPBMPa™ 0.26 -0.15 0.11 0.16 0.09 -0.01
NSpPa™ 0.29 -0.01 -0.03 0.06 0.18 -0.19
LOGI -0.20 0.11 -0.20 0.16 0.33 0.07
FBCD 0.24 0.13 0.16 -0.20 -0.25 0.01
SBCD 0.19 0.17 0.15 -0.27 -0.26 0.14
TSW 0.14 0.27 0.02 -0.27 -0.21 0.28
MPaw 0.32 0.01 -0.03 0.14 -0.10 -0.09
MPaSw 0.23 -0.01 -0.16 0.20 0.00 -0.26
PW 0.08 0.32 0.34 0.17 0.03 -0.18
GyP™ 0.04 0.34 0.29 0.13 0.08 -0.33
BY 0.28 -0.01 -0.21 0.03 0.16 0.23
GY 0.44 0.11 0.19 0.02 0.04 0.09
HI -0.09 0.35 -0.31 0.06 -0.02 -0.16
EGR 0.10 0.30 -0.43 0.08 -0.04 0.03
Parameter
Eigen value 7.36 3.15 2.93 1.91 1.48 1.32
% of total variance 30.65 13.12 12.19 7.94 6.16 5.52
% of cumulative total variance 30.65 43.77 55.96 63.91 70.06 75.58

contribution. Although, the selection of parents must also
consider the distinct plus of each cluster and each variety
within a cluster depending on the specific purposes of
hybridization as described by Singh (1990) and Chahal
and Gosal (2002). Ideal level of desired traits for yield,
biotic and abiotic stress and quality factors must be other
criteria for parent selection beside genetic diversity
(Wallace and Yan, 1998).

Principal component analysis

The first six principal components explained about 76%
of the total variation among 49 tef varieties evaluated for
23 quantitative pheno-agro—morphological traits (Table
7). The first principal component alone accounted for
about 31% of the total variation which is similar to the
findings of Assefa et al. (2001a). Clustering within each
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principal component is highly influenced by the traits with
larger absolute values closer to unity than those with
lower absolute values closer to zero (Chahal and Gosal,
2002). Consequently, the differentiation of varieties into
different clusters was articulated by the cumulative
effects of each trait since most traits alone contributed
small effects (+£0.04-0.44) to the total variation.
Nevertheless, the total diversity is relatively influenced by
the traits which have comparatively greater weight in
PC1.

Additionally, the presence genetic diversity among the
varieties revealed that the entire variation cannot be
explained in terms of few PCs. In the current study, 76%
of the variation among 49 varieties with a greater number
of PCs from the previous other studies of Assefa et al.
(1999) who reported that about 71-74% of the variation in
320 tef germplasm lines was explained by five PCs. On
the other hand, only five PCs were reported to have
explained about 81% of the gross variation in 1080
(Assefa et al., 2001a) and 60 (Assefa et al., 2003b) tef
germplasm lines.

To sum up, the results depicted that there was high
genetic diversity in the local tef varieties and this implies
that farmer’s seeds have substantial quantitative pheno—
agro—morphological trait diversity which can be exploited
in the genetic improvement of tef. However, the genetic
architecture of improved varieties resulted from
hybridization and direct selection showed low genetic
diversity among them. Several possible reasons could be
given for the genetic similarity among the improved
varieties from the two breeding techniques. This included
gene flow, use of few parents in the breeding program
and utilization of improved variety as a gene donor
material. It is suggested that depending on the specific
breeding aim, selection of parents for hybridization need
to encompass local varieties with discrete desirable traits
and genetic diversity. In line with this, high gene
recombination would be expected from accessions drawn
from significantly distant clusters. Ethiopia is the ace
wealthiest country in terms of genetic diversity of tef but
this opportunity has not been copiously exploited by the
previous breeding efforts. Therefore, in the efforts
towards developing farmers and consumers preferred tef
variety it is required to perform multiple crossing with
distinct parents from different origin. Additionally, further
research activities are required to assess the genetic
diversity among landraces across the country and point
out the desirable traits and incorporate the peak line in
the breeding program.
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