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The D

2
 analysis allowed the 49 garden cress accessions to be classified into seven distinct clusters. 

Cluster 1 included 16 accessions that mature and flower early. Cluster 2 contained 11 accessions, 
which had the higher mean values for both numbers of primary and secondary branches, harvest index 
and seed yield/plant. They also showed higher number of seeds per plant and per plot than the overall 
mean value. Cluster 3 had 15 accessions which had a relatively high biomass yield per plot. Cluster 4 
included only one accession having longer height at flowering, high seed yield per plant and harvest 
index. Similarly, cluster 5 also had one accession which was characterized by late flowering, but very 
short in height at flowering. Cluster 6 also included a single accession, which is characterized by early 
flowering and maturity. The last cluster, cluster 7 had 3 accessions which had high seed yield per plant, 

harvest index and essential oils. The maximum inter-cluster distance (D
2
 = 10.11) was observed 

between clusters 5 and 6 whereas the lowest value (D
2
 = 3.07) was between cluster 2 and 4. Biomass 

yield per plot and number of seeds per plant contributed the maximum towards divergence in the 
existing germplasm. 
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INTRODUCTION 
 
Garden cress (Lepidium sativum L.) is a fast-growing, 
edible plant botanically related to watercress and mustard 
and share their peppery, tangy flavor and aroma 
(Bedassa et al., 2013). Though, the clear origin of garden 
cress is not known, it is possibly believed to have 
originated from North-East Africa, particularly Ethiopia, 
Eritrea, Egypt and South-West Asia, particularly Iran 
(Datta et al., 2011; Asfaw and Demissew, 2009). Garden 
cress is a plant that is well suited to all soils and climates, 
although it does not tolerate frosts. In temperate 
conditions, it has a very rapid growth rate. It grows sub 
spontaneously in areas transformed by humans, close to 
crops or human settlements (Bermejo and León, 1994). 

 
 
 

 
Vavilov (1926) considers its main centre of diversity to be 
Ethiopia, where he found the widest variability of the 
dominant forms of L. sativum. The Near East, central 
Asia and the Mediterranean are considered secondary 
centers. It is now naturalized in numerous parts of 
Europe, including the British Isles. Wild cress extends 
from the Sudan to the Himalayas. Most authors consider 
it to be a native of Western Asia, whence it passed very 
quickly to Europe and the rest of Asia as a secondary 
crop, probably associated with cultivars of flax (Bermejo 
and León, 1994).  

L. sativum is classified in the category of neglected and 
under-utilized horticultural crops (Bermejo and León, 
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1994). It is one of the aromatic plant species of Ethiopia 
which contains considerable amount of essential (volatile) 
oil and is required for its medicinal values and other 
purposes (Asfaw and Demissew, 2009). The seeds 
contain edible oil which has medicinal properties as 
antiscorbutic, incites and stimulates the appetite 
(Shehzard et al., 2011). Getahun (1976) stated that 
seeds of the plant have several medical implications as a 
livestock drench for stomach-disorders, human skin-
disorders, chapped lips and sunburn, for amoebic 
infection, as an insect-repellant, applied on the skin, 
soldiers use it to engender a feeling of warmth at night, 
and for stomach cramps.  

The edible whole seed is known to have health 
promoting properties as it contains 25-39% of protein. It 
contains 33%carbohydrate, 2.4% crude fat, 7.6% crude 
fiber and 6.4% minerals having 0.723% phosphorous and 
hence it was assumed that these seed can serve as raw 
material for functional foods (Patel et al., 2010), sharing 
its peppery, tangy flavor and aroma (Roy et al., 2002). In 
addition, sprouts of garden cress are very popular 
ingredient of salads and sand-wiches in some regions of 
the world (Michalczyk et al., 2011).  

Genetic  diversity  is  an  important  factor  in  any  crop 
improvement  programme  for  obtaining  high  yielding 

2  
variety. Multivariate analysis such as D cluster and factor 
analysis have been proved to be useful in selecting 

accessions for hybridization. D
2
 statistic (Mahalanobis, 

1936) is one of the important biometrical techniques used 
for assessing genetic divergence present in a population. 
An understanding of nature and magnitude of variability 
among the existing garden cress germplasm is a 
prerequisite for its improvement. Divergence analysis is a 
useful tool in quantifying the degree of divergence 
between biological population of geographical level and 
to access in assessing relative contribution of different 
components to the total divergence both at intra and inter 
cluster levels (Jatasra and Paroda, 1978). Besides 
assisting in the selection of divergent parents for a 

breeding program, D
2
 statistic is useful to determine the 

relative contribution of each component character to the 
total divergence. Precise information on the nature and 
degree of genetic divergence helps the plant breeder in 
choosing the diverse parents for purposeful hybridization 
(Arunachalam, 1981; Samsuddin, 1985). Since published 
work on garden cress is scanty, the present study has 
been undertaken on 49 garden cress accessions to 
understand the nature and magnitude of genetic 
divergence and the characters contributing to a genetic 

2 
diversity by D analysis. 
 
 
MATERIALS AND METHODS 
 
The field experiment was conducted at the Debre Zeit Agricultural 
Research Center (DZARC), Ethiopia during the main cropping 
season of the year of 2011. DZARC is located about 47 km South 
East of the capital Addis Ababa at 8°44’N and 38°58’E. Forty-nine 
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garden cress accessions were obtained from the Institute of 
Biodiversity Conservation (IBC) of Ethiopia that were collected from 
diverse agro ecological locations of the country varying in altitude, 
rainfall, temperature and soil types. The experimental design and 
the layout of the experiment were conducted as it was explained by 
Bedassa et al. (2013).  

Data were recorded as it was previously explained by Bedassa et 
al. (2013) on days to flowering initiation, days to 50% flowering, 
plant height, number of primary branch/plant, number of secondary 
branches/plant, days to maturity, biomass yield/plot, biomass yield 
/plant, number of seeds/plant, seed yield/plant, seed yield/ plot, 
1000-seed weight, harvesting index, fatty oil content and essential 
oil content from five randomly selected plants of the middle two 

rows of each plot. Mahalanobis D
2
 (Mahalanobis, 1936) was used 

to estimate the genotypic divergence between the clusters in the 
experimental population. All the accessions used were clustered 

into different groups based on D
2
 statistics following Tocher’s 

Methods (Rao, 1952). 
 

 
RESULTS AND DISCUSSION 

 
In this study, the forty nine accessions of garden cress 
were grouped into seven clusters based on the 

Mahalanobis D
2
 values (Table 1). The distribution pattern 

indicate that the maximum number of genotypes were 
included in clusters 1 and 3 followed by cluster 2 and the 
minimum number of genotypes in cluster 4, 5 and 6, 
respectively (Figure 1). The different members within a 
cluster are assumed to be more closely related in terms 
of the trait under consideration with each other than those 
members in different clusters. Similarly, members in 
clusters with non-significant distance were assumed to 
have closer association with each other than those with 
significant distance clusters. This can mean that 
members in clusters with significant distance tend to be 
genetically more divergent than those having non-
significant distance.  

Cluster 1 contained sixteen genotypes with the 

characteristics of early flowering and maturity together with 

less value for thousand seed weight, seed yield per plant, 

harvest index and fatty oil content. However, it had 

intermediate number of both primary and secondary 

branches, and intermediate content of essential oil. Cluster 

2 included 11 genotypes that exhibited high numbers of both 

primary and secondary branches, also high in seed yield per 

plant and harvest index, with higher number of seeds per 

plant and per plot than the overall mean value. Cluster 3 

consisted of sixteen genotypes like cluster I which has a 

characteristic feature of requiring longer period of days to 

start flowering and maturation. Clusters 4, 5 and 6 contained 

only one genotype respect-tively. The genotype contained in 

cluster 7 has a charac-teristics of late flowering and 

maturing but have high seed yield per plant and harvest 

index while that of the genotype found in clusters 5 and 6 

had a typical feature of having very high number of both 

primary and secondary branches and less number of both 

primary and secondary branches, respectively. The last 

cluster, group 7, consisted of three genotypes which were 

charac- 
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Table 1. Grouping 49 Ethiopian L. sativum accession into different clusters and collection regions. 
 

Total no. of  
Cluster accessions in Lists of accessions in the cluster Collection regions the cluster 
 
 
 
C1 16 (32.65%) 
 
 
 

 
C2 11 (22.45%) 
 
 
 

 
C3 16 (32.65%) 
 
 
 

 
C4 1 (2.04%) 

C5 1 (2.04%) 

C6 1 (2.04%) 

C7 3 (6.12%) 

 
GCAc90002 [1], GCAc208666 [11],GCAc202116[7], 
GCAc90023[6], GCAc231210 [44], GCAc208693[14], GCAc215808 
[23], GCAc216886 [26], GCAc230524 [40], GCAc208669 [13], 
GCAc212852 [17], GCAc216815 [24], GCAc215807, [22] 
GCAc230831 [43], GCAc90022 [5], GCAc205141[8], 
 
GCAc90007 [2], GCAc90021 [4], GCAc229199 [32], GCAc233981 
[47], GCAc216886 [31], GCAc230830 [42], GCAc208769 [15], 
GCAc216816 [25], GCAc90018 [3],GCAc233679 [46], 
GCAc216816 [27] 
 
GCAc207542 [9], GCAc208667 [12], GCAc219958 [28], 
GCAc233370 [45],GCAc233982[48], GCAc214243 [19], 
GCAc212852 [18], GCAc229204[36], GCAc219959[29], 
GCAc215713 [20], GCAc229799,[38], GCAc229798 
[37], GCAc215714 [21], GCAc233983[49],GCAc229201 
[34], GCAc219960 [30], 
 
 
GCAc208030 [10] 
 
GCAc229200 [33] 
 
GCAc212628 [16] 
 
GCAc229203 [35], GCAc230523 [39], GCAc230829 [41] 

 
Oromia (East and West 
Harage,Jimma,West Wellega,  
Arsi), SNNP (Gurage) and 
Somali (Jigjiga) 

 
Arsi, East Hararge, North and  
Central Tigray, North and West  
Shewa, South Wello, 
Beneshangul and Gumuz, 

 
South Gonder, North Shewa, 
South Wello, West Harerge,  
Bale, West Wellega, North, West  
and Centeral Tigray 
 
 
 
Amhara (North Gonder) 
 
Amhara (North Shewa) 
 
Amhara (South Wello) 

 
Amhara (North Gonder) and 
Somali (Jigjiga) 
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Figure 1. Dendrogram of 49 Ethiopian L. sativum L. accessions based on the average linkage cluster analysis. *C1 = Cluster 1, 
C2 = Cluster 2, C3 = Cluster 3, C4 = Cluster 4, C5 = Cluster 5, C6 = Cluster 6, and C7 = Cluster 7.  
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Table 2. Pair wise, average intra-cluster (the bold diagonal) and inter-cluster (off 

diagonal) distance (D
2
) among the seven clusters of Ethiopian L. sativum 

accessions. 
 
 Clusters C1 C2 C3 C4 C5 C6 C7 
 C1 9.07       

 C2 3.81* 5.24      

 C3 4.93* 5.29* 27.48     

 C4 3.94* 3.07 3.57 0    

 C5 6.88** 7.18** 9.49** 7.74** 0   

 C6 7.63** 7.35** 6.73** 5.70* 10.11** 0  

 C7 4.22* 4.54* 7.25** 5.31* 7.16** 8.56** 13.87 
 
*, **Significant at 0.05 and 0.01 probability level, respectively. 

 
 
 
characterized by having high number of primary 
branches, high number of seeds per plant, high seed 
yield per plant, high harvest index, high essential oils and 
intermediate in its fatty oil content.  

Generally, the cluster analysis indicated that the 
geographic and genetic diversity are not necessarily 
related; viz. germplasm accessions collected from the 
same geographic region fell in different genetic clusters 
whereas those collected from different geographic 
regions tended to be grouped in the same cluster. 
Therefore, the difference in geographic origin cannot be 
used as indication of genetic diversity for parental 
selection. However, the existence of considerable genetic 
divergence can lead to suggest that there can be a wide 
span to bring about improvement through hybridization 
and selection by crossing accessions from different 
clusters. Latif et al. (1999) and Surek and Korkut (1996) 
also reported that geographical and genetic distributions 
did not follow the same trend. Mannan et al. (1993) and 
Singh and Singh (1979) reported similar results in pani 
kachu and okra, respectively.  

It is worthy to note that in calculating cluster mean, the 
superiority of a particular accession with respect to a 
given character could get diluted by other accessions that 
are grouped in the same cluster but are inferior or 
intermediate for the character in question. Hence, apart 
from selecting genotypes from the clusters which have 
higher inter-cluster distance for hybridization, one can 
also think of selecting parents based on the extent of 
divergence with respect to a character of interest (Million, 
2009).  

The lines belonging to distinct characters could be used 
in hybridization program for obtaining a wide spectrum of 
variation among segregates. Based on the estimated pair 

wise squared distance (D
2
) among the seven clusters, 

under this study, out of twenty one possible pairs of 
clusters, differences between eleven pairs were highly 
significant (P<0.01) and eight pairs were significant 
(P<0.05) while those between the rest (two pairs) clusters 
were non-significant (Table 2). The most divergent 

clusters were cluster five and six (D
2
=10.11). Each of the 

 
 
 
two clusters consists of only one accession. Cluster five 
constitutes an accession from North Shewa, while cluster six 
constitutes a single accession from South Wello (Table 1). 
The second maximum inter-cluster distance was found 

between cluster three and five (D
2
 = 9.49). Cluster three 

constitutes 16 accessions collected from South Gonder, 
North Shewa, South Wello, West Harerge, Bale, West 
Wellega, North, West and Centeral Tigray of Ethiopia. 
Similar results were also reported by Prasad (1995) in bush 
bean and Khan (2006) in pointed gourd.  

On the other hand, intra-cluster genetic distance (the 
bold diagonal values in Table 2), was analyzed and 
estimated for the seven formed clusters. This can 
indicate that genotypes that were grouped into the same 
cluster most likely diverge slightly from one another as 
the combined characters are measured. Accordingly, 
among the seven clusters formed, cluster three (C3) 

showed the maximum intra-cluster value (D
2
 = 27.48) 

followed by cluster seven (D
2
 = 13.87), cluster one with 

(D
2
 = 9.07) and cluster two (D

2
 = 5.24). Nevertheless, 

cluster four, five and six were exclusive in that each of 
them contained a solitary accession; hence, the intra-

cluster D
2
 value for each of them was zero. Similarly, 

Parameshwarappa et al. (2011) reported grouping of 37 
genotypes of niger Guizotia abyssinica (L.) Cass into 
seven clusters which indicates a wider genetic diversity in 
the germplasm collections of niger. Higher inter and intra-
cluster distance indicates higher genetic variability 
among accessions between and within clusters, 
respectively. The minimum inter and intra-cluster 
distance indicates closeness among the accessions of 
two clusters and within the cluster also.  

In general, the crosses involving parents belonging to 
the maximum divergent clusters were expected to 
manifest maximum heterosis and also wide variability in 
genetic architecture. 

Ramanujam et al. (1974) and Mian and Bhal (1989)  
reported that parental clusters separated by medium D

2
 

values exhibited significant and positive heterosis for 
seed yield and some of its components in mungbean and 
chickpea, respectively. In the present study, therefore, 
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crossing of accessions from cluster five and six will give 
rise to maximum genetic segregation and would yield 
high heterotic hybrids. 
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