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Grain yield variation and association of major
traits in brown-seeded genotypes of
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Abstract

Background: Tef [Eragrostis tef (Zucc.) Trotter] is the major cereal crop of Ethiopia where it is annually cultivated on
more than three million hectares of land by over six million small-scale farmers. It is broadly grouped into white
and brown-seeded type depending on grain color, although some intermediate color grains also exist. Earlier
breeding experiments focused on white-seeded tef, and a number of improved varieties were released to the
farming community. Thirty-six brown-seeded tef genotypes were evaluated using a 6 × 6 simple lattice design at
three locations in the central highlands of Ethiopia to assess the productivity, heritability, and association among
major pheno-morphic traits.

Results: The mean square due to genotypes, locations, and genotype by locations were significant (P < 0.01) for all
traits studied. Genotypic and phenotypic coefficients of variations ranged from 2.5 to 20.3 % and from 4.3 to 21.7
%, respectively. Grain yield showed significant (P < 0.01) genotypic correlation with shoot biomass and harvest
index, while it had highly significant (P < 0.01) phenotypic correlation with all the traits evaluated. Besides,
association of lodging index with biomass and grain yield was negative and significant at phenotypic level while it
was not significant at genotypic level. Cluster analysis grouped the 36 test genotypes into seven distinct classes.
Furthermore, the first three principal components with eigenvalues greater than unity extracted 78.3 % of the total
variation.

Conclusion: The current study, generally, revealed the identification of genotypes with superior grain yield and
other desirable traits for further evaluation and eventual release to the farming community.

Keywords: Brown seeded, Eragrostis tef, Heritability, Traits, Variation, Yield
Background
Tef [Eragrostis tef (Zucc) Trotter] is the most important
cereal crop in Ethiopia where it is annually cultivated by
6.3 million small-scale farmers on more than 30 % of the
total area allocated to cereal crops [1]. The importance
of tef in Ethiopia is mainly due to its preference by both
farmers and consumers. Farmers, above all, grow tef due
to its tolerance to several biotic and abiotic stresses
especially to the poorly drained vertisols, a dominant soil
type in the central highlands where other cereals can
hardly survive without the use of proper drainage sys-
tem. Over 50 million people in Ethiopia consume tef as
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staple food due to the better quality bread called “injera”
made from it compared to that from other cereals. The
absence of gluten in its grain [2] makes tef a healthy
food such that people allergic to gluten can safely con-
sume tef products. Compared to the straw from other
cereals, the straw from tef is more nutritious and palat-
able for livestock feed [3, 4].

Despite its huge importance in the economy and being
the favored crop by growers and consumers, the prod-
uctivity of tef is relatively low compared to other cereals.
In 2013, the national average yield for tef was only 1.4 t/
ha compared to 2.1 t/ha for wheat and 3.1 t/ha for maize
[1]. The major yield limiting factors in tef are lodging
and drought [5]. Lodging, the displacement of the plant
from the upright position due to wind and rain, contrib-
utes for 17 % yield loss in tef [6].
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Based on the color of the grain, tef is broadly grouped
into two classes as white- and brown-seeded types; how-
ever, grains with intermediate color between these also
exist. Earlier, the National Tef Breeding Program in
Ethiopia focused on improving the white-seeded tef based
on consumers’ preferences [7, 8]. The brown-seeded tef
genotypes have been given less attention due to relatively
lower market preferences and prices as compared to the
white grain ones. As a result, only 4 out of the total of 35
improved tef varieties in Ethiopia are from the brown type
[9]. Although brown grain tef is traditionally consumed by
the farming community, recently, an increasing number of
urban dwellers are becoming interested in this type of tef
due to nutritional benefits especially high iron content
[10]. The two tef types are mostly cultivated under similar
environmental conditions, though the white type is vastly
grown at an intermediate altitude below 2400 m a. s. l.
while the brown type at altitudes above 2200 m a. s. l.
However, farmers often claim that the brown-seeded types
perform better under less favorable conditions of fields
and cultural practices than do the white-seeded types [11].
The present study was, therefore, carried out to examine
the performance of brown tef types for productivity and
major agronomic traits at three locations in the central
highlands of Ethiopia as well as to identify a new brown
variety of tef for future release to the farming community.

Materials and methods
Experimental sites and materials
Field experiments were carried out during the main
cropping season of 2013 at Holetta, Ginchi, and Adadi
which are situated in the central highlands of Ethiopia.
Climatic and soil-related descriptions of the three loca-
tions are shown on Table 1. Thirty-six brown-seeded tef
lines including one farmer’s cultivar for each locality
(local check) and three released varieties (standard
checks) were considered for the study (Table 2). Except
Table 1 Environmental descriptions of the three experimental
locations in Ethiopia

Locations

Descriptor Holetta Ginchi Adadi

Latitude 09°03’ N 09°30’ N 08°31’ N

Longitude 38°30’ E 38°30’ E 38°13’ E

Altitude (m a. s. l.) 2400 2200 2383

Mean annual rain
fall (mm)

1102 1139 1105

Mean annual
temperature (°C0)

14.5 16.3 16.9

Soil type Light red Black Vertisol Light brown

Soil drainage Well drained Poorly drained Well drained

Soil pH 6.32 6.18 7.62

Source: Keneni [29]
the local and standard checks, the sources of all geno-
types were lines derived from collection expeditions
from 1984 to 1992 to seven diverse tef growing regions
in the northern, southeastern, and central parts of
Ethiopia by the Ethiopian Biodiversity Institute (EBI).
The thirty-six tef lines were sown using 6 × 6 simple lat-
tice design each on 2 × 2 m plot. A fertilizer rate of 60
kg P2O5 and 60 kg N per hectare was applied for Adadi
and Ginchi experimental sites while 60 kg P2O5 and
40 kg N per hectare was used for Holetta. The whole of
the P2O5 was applied in the form of diammonium phos-
phate (DAP) at planting time, while the remainder of N
was applied in the form of urea at tillering about 30–40
days after planting depending on the climatic conditions
of the experimental sites. All other cultural practices
were made as per recommendations for each location.

Data collection
Data on days to panicle emergence, grain filling period,
days to maturity, shoot biomass, grain yield, harvest
index, and lodging index were assessed on plot basis.
Harvest index was calculated as a ratio of grain yield to
shoot biomass. On the other hand, plant height, panicle,
and culm length were recorded on previously selected
and tagged five random samples of plants from the cen-
tral parts of each plot. Mean values of the five random
samples of plants per plot were then used for the ana-
lyses of data collected on individual plant basis.

Data analysis
All the collected data were subjected to analysis of vari-
ance (ANOVA) using the SAS software [12], and variance
effects were considered as significant and highly signifi-
cant at P < 0.05 and P < 0.01, respectively.

The total phenotypic variance of each trait was parti-
tioned into genetic and nongenetic factors using the vari-
ance component method based on the combined analyses
over the three test locations as per the method suggested
by Assefa et al. [13]. Phenotypic (PCV) and genotypic
(GCV) coefficients of variation were calculated following
the method of [14]. Broad sense heritability (H) was calcu-
lated as a ratio of genotypic variance to phenotypic vari-
ance according to Allard [15]. Genetic advance (GA) was
expected, assuming selection of the superior 5 % of the
genotypes were estimated following the procedure elabo-
rated by Singh and Chaudhury [16].

Phenotypic and genotypic correlation coefficients were
computed from the components of variance and covari-
ances based on the method described by Singh and
Chaudhury [16] using the CANDISC procedure of SAS
system [12].

Multivariate analyses such as cluster analysis (CA) and
principal component analysis (PCA) were made based
on the mean values for the ten traits and 36 tef



Table 2 List of tef genotypes or accessions used in the study

No. Name of genotype/pedigree Area of collection No. Name of genotype/pedigree Area of collection

1 HO-TFS-5460A1 Bale 19 HO-TFS-5442B1 East Gojam

2 HO-TFS-5452A1 East Gojam 20 HO-TFS-5450B1 East Gojam

3 HO-TFS-5472A1 South Wollo 21 HO-TFS-5503A1 South Wollo

4 HO-TFS-5459A1 Bale 22 HO-TFS-5448B1 East Gojam

5 HO-TFS-5500A1 East Gojam 23 HO-TFS-5493B1 East Gojam

6 HO-TFS-5431A1 South Wollo 24 HO-TFS-5461B1 Bale

7 HO-TFS-5458B1 Hadiya 25 HO-TFS-5485B1 South Wollo

8 HO-TFS-5450C1 East Gojam 26 HO-TFS-5451B1 East Gojam

9 HO-TFS-5469C1 South Wollo 27 HO-TFS-5500B1 East Gojam

10 HO-TFS-5448C1 East Gojam 28 HO-TFS-5507B1 South Tigray

11 HO-TFS-5483B1 North Gonder 29 HO-TFS-5484A1 South Wollo

12 HO-TFS-5449A1 East Gojam 30 HO-TFS-5482A1 South Gonder

13 HO-TFS-5431B1 South Wollo 31 HO-TFS-5471A1 South Wollo

14 HO-TFS-5456C1 South Gonder 32 HO-TFS-5468C1 South Wollo

15 HO-TFS-5499B1 East Gojam 33 DZ-01-2053*

16 HO-TFS-5453A1 North Gonder 34 DZ-01-99*

17 HO-TFS-5515E1 East Tigray 35 DZ-01-1681*

18 HO-TFS-5435E2 South Wollo 36 Local Check

*Standard checks. The local check is the genotype (often a mixture) commonly grown by farmers in each locality

Jifar et al. Agriculture & Food Security  (2015) 4:7 Page 3 of 9
genotypes over the three locations. CA was made using
the PROC CLUSTER of SAS Version 9 [12] following
the average linkage cluster analysis, and the determin-
ation of the number of clusters was made based on the
Pseudo-F and Pseudo-T2 options. PCA, on the other
hand, was made using the PROC PRINCOMP of SAS
version 9 [12] to identify the traits that contributed to
the large part of the total variation among the genotypes.
In principal component analysis, eigenvalues greater
than unity were considered important to explain the ob-
served variability.
Table 3 Mean squares from ten traits of 36 tef genotypes evaluated

Traits Location (L) Replication Genotypes (G)

(DF = 2) (DF = 1) (DF = 35)

DPE 2335.37** 0.667 ns 24.04**

DM 15708.3 9** 0.907 ns 29.68**

GFP 6316.51** 0.907 ns 10.30**

PH 855.04* * 31.97 ns 139.26**

PL 655.68** 1.74 ns 25.92**

CL 2387.19** 25.01 ns 55.24**

SB 5111.44** 101.75 ns 190.86**

GY 904. 12** 8.58 ns 26.41**

HI 0.0989** 0.00005 ns 0.0015**

LI 6453.34** 9.80 ns 90.80**

CL culm length (cm), DM days to maturity (days), DPE days to panicle emergence (d
LI lodging index (%), PH plant height (cm), PL panicle length (cm), SB shoot biomas
* and ** significant at P < 0.05 and P < 0.01, respectively
Results and discussions
Analysis of variance
The combined analyses of variance over the three test
locations revealed highly significant (P < 0.01) mean
squares of locations and genotypes for all the traits eval-
uated (Table 3). Likewise, the interactions of genotypes
with locations were highly significant (P < 0.01) for all
traits except days to panicle emergence and lodging
index which were only significant (P < 0.05). These sig-
nificant effects due to genotype, locations, and genotype
by environment interaction indicate that the genotypes
at three locations in the central highlands of Ethiopia in 2013

Block (rep) L × G Error Mean CV

(DF = 10) (DF = 70) (DF = 97) (%)

3.92 ns 3.65* 2.35 60.40 2.54

3.92 ns 16.24** 3.08 118.64 1.48

5.73 ns 18.76** 4.70 58.28 1.48

9.21 ns 23.18** 5.40 86.32 2.69

2.56 ns 4.97** 2.93 30.90 5.54

3.64 ns 13.37** 2.93 55.37 3.09

8.09 ns 178.16** 6.27 91.86 2.73

0.86 ns 12.36** 1.14 22.35 4.79

0.00008 ns 0.0009** 0.00011 0.244 4.23

9.74 ns 62.60* 38.65 4.23 7.20

ays), GFP grain filling period (days), GY grain yield (t/ha), HI harvest index (%),
s (t/ha)
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and locations were divergent to show substantial varia-
tions in useful agronomic traits for tef breeding. Similar
results were also reported by Shiferaw and colleagues
[17] for grain yield and yield-related traits.

The overall mean values of genotypes for all traits in-
vestigated were found to vary across the three experi-
mental locations (Table 4). When the mean phenological
traits across the three locations were compared, it took
longer time for tef genotypes to flower and mature at
Holetta than at Ginchi and Adadi. For instance, the
grain filling period, which starts from the panicle emer-
gence to grain maturity, took about 10 weeks at Holetta
as compared to less than 8 weeks at both Ginchi and
Adadi. This is mainly due to differences among the three
locations in the climatic and geographical parameters,
specifically temperature. Surprisingly, the minimum tem-
perature at Holetta usually falls to around zero from
October through December while it does not show signifi-
cant change at the other two locations (Table 1).

Plant height which has direct relation with lodging
index was significantly taller at Ginchi while panicle
length which corresponds to grain yield of tef was sig-
nificantly longer at Holetta than the two other locations.
However, both grain and shoot biomass yields were sig-
nificantly higher at Holetta than at Ginchi and Adadi
mainly due to the lodging caused by unexpected rainfall
during the grain filling stage especially at Ginchi.

The grain yield performances of most of the geno-
types were not consistent across all locations except for
HO-TFS-5499B1 and HO-TFS-5458B1 which were among
higher yielding genotypes at both Ginchi and Holetta loca-
tions (Fig. 1). Four genotypes at Holetta, 12 at Ginchi, and
10 at Adadi gave higher yield than the check though some
of them did not significantly (P = 0.05) give better yield
than the best check.
Table 4 Mean values of 10 traits for 36 brown-seeded tef
genotypes evaluated at three locations in the central highlands
of Ethiopia in 2013

Traits Locations*

Holetta Ginchi Adadi

Days to panicle emergence 66.8a 56.0c 58.4b

Days to maturity 135.7a 110.1b 110.1b

Grain filling period (days) 69.0a 54.0b 51.9b

Plant height (cm) 85.1b 90.2a 83.7c

Panicle length (cm 34.3a 28.4c 30.1b

Culm length (cm) 50.7c 61.8a 53.6b

Shoot biomass (t/ha) 9.8a 9.6b 8.2c

Grain yield (t/ha) 2.6a 1.9c 2.1b

Harvest index 0.27a 0.20c 0.26b

Lodging index 77.8c 96.7a 84.8b

*Means in the same row followed by different letters are significantly different
as judged by LSD at P ≤ 0.05
The widely cultivated farmers’ variety currently used
as a local check at Holetta was among high yielders, only
surpassed by HO-TFS-5458B1 and HO-TFS-5499B1. This
could most probably be due to the fact that farmers
themselves have developed such a high-yielding cultivar
through years of selection and cultivation. The presence
of this farmers’ cultivar could also be the probable reason
for a less adoption rate of the three so far nationally re-
leased brown-seeded varieties in the area. The two geno-
types performed better than the farmers’ cultivar in the
current study, have a great potential to be released, and
are accepted in the future by the farming community in
the area.

Estimates of coefficients of variation, heritability, and
genetic advance
The estimates of genotypic coefficient of variation (GCV)
and phenotypic coefficient of variation (PCV), broad sense
heritability (H), and expected GA are presented in Table 5.
The estimated values for GCV ranged from 2.7 % for days
to grain filling to 20.3 % for grain yield per hectare, while
the PCV estimates ranged from 4.3 % for days to maturity
to 21.7 % for grain yield per hectare. The results of the
current study are within the range of the previous report
by Assefa et al. [18] but higher than those reported by Jifar
[19] and Jifar et al [20]. The higher estimated values of
PCV than GCV for all traits in the present study were in
agreement with other findings [18, 21]. This existence of
high GCV among the lines indicates the possibility of
making selection for some most important traits such as
grain yield, panicle length, and harvest index. As PCV is
usually the reflection of the effects of genotypes and envir-
onment, the higher PCV than GCV values suggests a sig-
nificant contribution of environment and genotype by
environment interactions to the expression of the traits
under investigation.

On the other hand, the highest broad sense heritability
value of 97 % was estimated for days to panicle emer-
gence followed by culm length, panicle length, and plant
height, while the lowest value of 37 % was recorded for
grain filling period. This indicates that traits with high
heritability can easily be selected based on phenotype.
High heritability was also reported for panicle length
[18] and for days to panicle emergence [21, 22] though
the values for each trait were lower than those from the
present findings.

The estimated genetic advance values in the present
study ranged from 3.4 % for grain filling period to 39.1 %
for grain yield. Seven of the 10 traits (grain yield, panicle
length, plant height, harvest index, culm length, shoot
biomass, and lodging index) have shown relatively high es-
timates of GA, indicating their amenability for improve-
ment through selection. The GA estimates in the current
study are much higher than those in most previous
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Fig. 1 The average grain yield of 36 brown-seeded tef genotypes at Holetta, Ginchi, and Adadi locations. Numbers of genotypes correspond to those
described in Table 2. Genotypes followed by the same letter are not significantly different at P < 0.05. Significant tests were made for each location

Table 5 Estimates of genotypic (GCV) and phenotypic (PCV)
coefficient of variation, broad sense heritability (H), and genetic
advance as percent of the mean for 10 traits in 36 brown tef
genotype evaluated in the central highlands of Ethiopia in 2013

Traits GCV (%) PCV %) H (%) GA (%)

Days to panicle emergence 7.94 8.06 96.98 16.11

Days to maturity 4.01 4.33 85.59 7.64

Days to grain filling 2.70 4.47 36.62 3.37

Plant height 13.18 13.45 96.04 26.61

Panicle length 15.99 16.32 96.07 32.29

Culm length 12.71 13.10 94.11 25.40

Shoot biomass 11.10 13.24 70.24 19.15

Grain yield 20.31 21.74 87.31 39.10

Harvest index 13.63 14.85 84.32 25.79

Lodging index 9.85 10.66 85.35 18.74
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findings which ranged from less than 1 to 21 % [18], less
than 2 to 23 % [21], and less than 1 to 15.8 % [23] for
other tef genotypes.

Trait associations
The phenotypic and genotypic correlations showed signifi-
cant associations among most of the traits evaluated
(Table 6). Grain yield showed highly significant (P < 0.01)
and positive genotypic correlations with shoot biomass
(r = 0.77) and harvest index (r = 0.74), while it was not sig-
nificantly associated with the remaining traits. The highly
significant and positive association between grain yield
and that of shoot biomass and harvest index indicates the
possibility of improving grain yield by improving any one
of the two traits. The finding in the present study is in line
with the previous report by Jifar et al. [20]. On the other
hand, the phenotypic correlations between grain yield and
all traits assessed were positive and highly significant
except for plant height, culm length, and harvest index
which revealed a negative and highly significant association.



Table 6 Genotypic (upper diagonal) and phenotypic (lower diagonal) correlations among traits for 36 brown-seeded tef genotypes

Variable DPE GFP DM PH PL CL SB GY HI LI

DPE 1 0.77** −0.22 ns 0.60** 0.59** 0.54** 0.13 ns −0.22 ns −0.46** −0.55**

DM 0.89** 1 0.44** 0.64** 0.55** 0.64** −0.004 ns −0.31 ns −0.45** −0.42*

GFP 0.71** 0.95** 1 0.14 ns 0.01 ns 0.2 1 ns −0.2 1 ns −0.19 ns −0.08 ns 0.10 ns

PH −0.02** −0.03 ns −0.04 ns 1 0.91** 0.96** 0.08 ns −0.17 ns −0.34* −0.47**

PL 0.73** 0.68** 0.57** 0.39** 1 0.77** 0.1 6 ns −0.10 ns −0.32 ns −0.43**

CL −0.46** −0.45** −0.40** 0.82** −0.19** 1 0.01 ns −0.20 ns −0.3 1 ns −0.44**

SB 0.23** 0.36** 0.40** 0.17* 0.14* 0.09 ns 1 0.77** 0.15 ns −0.12 ns

GY 0.55** 0.62** 0.58** −0.22** 0.40** −0.49** 0.56** 1 0.74** 0.02 ns

HI 0.44** 0.41** 0.34** −0.40** 0.36** −0.64** −0.21** 0.68** 1 0.13 ns

LI −0.64** −0.56** −0.45** 0.09 ns −0.57** 0.44** −0.004 ns −0.42** −0.47** 1

DPE days to panicle emergence, DM days to maturity, GFP grain filling period (days), PH plant height (cm), PL panicle length (cm), CL culm length (cm), SB shoot
biomass (g/plot), GY grain yield (g/plot), HI harvest index, LI lodging index
* and ** significant at P ~ 0.05 and P ~ 0.01, respectively
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Fig. 2 Dendrogram showing hierarchical clustering patterns of 36
brown-seeded tef genotypes evaluated for ten major quantitative
traits. Numbers at the side of the figure refer to the genotypes
shown in Table 2

Jifar et al. Agriculture & Food Security  (2015) 4:7 Page 6 of 9
For traits with highly significant and negative association,
the improvement of one trait would result in the reduc-
tion of another trait. Nevertheless, a lodging index, an im-
portant trait considered in tef improvement, showed a
positive and significant phenotypic association with culm
length while it had significant and negative association
with all the remaining traits other than plant height and
shoot biomass which had no significant association. The
significant and positive phenotypic association reported
currently for grain yield and phenologic traits is in line
with previous reports [20] and contrary to the findings of
Teklu and Tefera [24].

Cluster analysis
Except the local and the standard checks, all lines were
collected from seven administrative zones of Ethiopia
(about 75 % from East Gojam and South Wollo Zones
while 25 % from the remaining five zones). Cluster ana-
lysis based on the means of three locations and 10 major
quantitative traits grouped the 36 brown-seeded tef ge-
notypes into seven distinct classes (Fig. 2). The number
of genotypes in each cluster ranged from one in clusters
VI and VII to 20 in cluster I. The farmers’ cultivar (local
check) and all the three improved varieties used as
standard checks were all grouped into cluster I. The
concentration of genetic diversity was also detected for
the five administrative zones that have contributed for
only 25 % of the total lines as those lines were grouped
under different clusters. Unlike the present findings,
earlier studies grouped tef genotypes into four to six
clusters [20, 21, 25, 26].

The means of traits for the seven clusters in the
present study are shown in Table 7. Cluster I consisted
of 20 tef genotypes that have an average performance for
all the traits under investigation. On the other hand,
cluster II consisted of six genotypes, the second largest
number. The genotypes in this group were characterized
to have shorter length of panicle and culm as well as
days to panicle emergence, lower biomass yield, and high
values of harvest index and lodging index. Both cluster
III and IV were found to have three genotypes each. The
unique features of genotypes in cluster-III was longer
days to grain filling and highest value of lodging index
while those of cluster IV had higher grain yield and
moderately low lodging index. Hence, genotypes from



Table 7 Means for 10 different traits of 36 brown-seeded tef genotypes grouped into seven clusters

Trait Means of clusters

C1 C2 C3 C4 C5 C6 C7

Days to panicle emergence 61.1 57.83 59.00 62.00 63.00 63.00 58.00

Days to maturity 119.2 116.50 118.33 119.33 122.50 120.00 113.00

Days to grain filling 58.3 58.67 60.00 57.33 59.50 57.00 55.00

Plant height 85.95 81.00 90.00 87.67 95.00 104.00 78.00

Panicle length 30.75 28.33 33.00 31.67 34.00 38.00 29.00

Culm length 55.05 52.67 57.00 56.33 61.00 66.00 49.00

Biomass yield 90.7 86.50 98.33 105.00 88.00 89.00 99.00

Grain yield 21.65 21.67 24.33 27.00 20.50 19.00 26.00

Harvest index 0.241 0.253 0.247 0.257 0.250 0.220 0.260

Lodging index 85.85 89.67 90.33 83.00 84.50 79.00 89.00
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cluster IV can be used for improvement of grain yield
and total biomass. Cluster V, on the other hand, had lon-
ger phonological traits value and moderately high mean
values for culm and panicle length. Surprisingly, cluster VI
and VII were found to be solitary and had only one geno-
type in each cluster. The unique features of the genotype
in cluster VI were longer days to panicle emergence, days
to maturity and length of panicle, culm and plant height
but lower values of grain yield, harvest index, and lodging
index. On the other hand, the genotype in cluster VII had
shorter days to panicle emergence and grain filling,
shorter length of plant, culm and panicle, and higher yield
of biomass and grain as well as harvest index. Hence, this
particular genotype can be used for the improvement of
harvest index and earliness traits.
Table 8 Eigenvectors and values of the first three principal
components for 36 tef test genotypes evaluated in the central
highlands of Ethiopia in 2013

Traits Eigenvectors

PC1 PC2 PC3

Days to panicle emergence 0.3791 0.1068 −0.3502

Days to maturity 0.3 963 −0.063 6 0.1830

Grain filling period 0.077 1 −0.2647 0.7672

Plant height 0.4320 0.1191 0. 1540

Panicle length 0.3971 0.1748 0.0410

Culm length 0.4131 0.0693 0.2223

Shoot biomass −0.0027 0.5758 0.0199

Grain yield −0.1782 0.6092 0.2146

Harvest Index −0.2659 0.3448 0.3 139

Lodging index −0.2756 −0.2082 0.1881

Eigen value 4.47 2.13 1.23

Percent of variance accounted for 44.7 21.3 12.3

Cumulative variance accounted for (%) 44.7 66.0 78.3
Principal component analysis
The first three principal components (PCs) with eigen-
value greater than one contributed for 78.3 % of the entire
phenotypic variation observed among the 36 tef geno-
types (Table 8). This was smaller than those from earlier
reports which ranged between 80 to 85 % [19, 26–28].
PC1 accounted for 44.7 % of the variation among the test
genotypes mainly due to the variation in plant height,
culm length, days to panicle emergence, panicle length,
and days to maturity, respectively. The contribution of
PC1 in the present study was about 8 % higher than the
value reported for PC1 by [26, 27], but 23 % lower than
the value reported for PC1 by [28]. PC2, on the other
hand, also accounted for 21.3 % of the total variation
among the test genotypes, whereby grain yield, shoot bio-
mass, and harvest index traits were contributing majorly.
PC3, on the other hand, has contributed for 12.3 % of the
total variation of the genotypes mainly resulting from
variation in days to grain filling, days to panicle emer-
gence, and harvest index.
Conclusions
Considerable grain trait variations were observed among
the 36 tef genotypes evaluated at the three locations.
There was also substantial genotype by environment in-
teractions for all traits evaluated indicating that the test
genotypes had differential performance at diverse loca-
tions. Besides, the test locations also showed substantial
effects on all the traits studied indicating that the loca-
tions were adequately diverse to reveal the performance
of the tef genotypes. The positive genotypic association
between the grain yield, shoot biomass, and harvest
index is a good opportunity to simultaneously improve
those important agronomic traits. All phenologic traits
including days to panicle emergence, days to maturity,



Jifar et al. Agriculture & Food Security  (2015) 4:7 Page 8 of 9
and grain filling period, and other traits like shoot bio-
mass and harvest index are positively correlated with
grain yield; these traits can be used as selection criteria
for increased yield. On the other hand, of the three
height-related traits including total plant height, culm
length, and panicle length, the former two are negatively
correlated and only panicle length is positively correlated
with grain yield. Consequently, panicle length which has
already been in use as indicator of high yield in the tef
breeding program can still be used as useful selection
criteria for yield. Cluster analysis had grouped the test
genotypes into seven distinct classes with the larger
number of genotypes (56 %) fall under cluster I. Based
on means of the clusters, different tef genotypes can be
selected for improvement of traits of agronomic import-
ance. For instance, tef genotypes in cluster IV can be
used for improvement of grain yield and total biomass,
while short stature plants for improving lodging resist-
ance as well as for earliness traits can be made from
genotype in cluster VII. Furthermore, the first three
principal components with eigenvalue greater than one
have contributed for 78 % of the entire variation.

In general, the current study revealed the possibility of
identifying lines with superior grain yield and other de-
sirable traits for further evaluation and eventual release
to the farming community. To this end, the materials
would be valuable as a source of breeding materials for
improved brown-seeded tef varieties which are expected
to be in high demand, apart from use for domestic con-
sumption, particularly in view of the presently burgeon-
ing global popularity and export potential for tef and tef
products.
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