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Chickpea is one of the main annual crops in Ethiopia both in terms of its total cultivated area of pulses 
and its role in direct human consumption. The major problem to increase pulse production is the loss 
of seed viability and seeds damage from insect infestation particularly Adzuki bean beetle. Research 
works conducted on diversity study on chickpea varieties grown under different soil fertility levels were 
scanty. To fill such information gap, hundred chickpea genotypes that were managed under different 
soil fertility levels for Adzuki bean beetle resistance were screened under laboratory condition at 
Holetta and Debre Zeit. Cluster analysis was used to group the genotypes into five clusters with and 
without application of rhizobium and phosphorus, but into six clusters with the application of both 
rhizobium and phosphorus. Inter-cluster D2 average values of 11.50 (between clusters C4 and C5) to 
62.94 (between clusters C2 and C5), 14.85 (between clusters C1 and C2) to 72.12 (between clusters C3 and 
C5) and 8.61 (between clusters C2 and C3) to 166.25 (between clusters C2 and C6) were found when 
genotypes grown under neither rhizobium nor phosphorus, only with rhizobium and with rhizobium and 
phosphorus conditions, respectively. The more divergent the two genotypes are the more will be the 
probability of improving through selection and hybridization.  The current study showed presence of 
moderate level of resistance in chickpea genotypes against Adzuki bean beetle regardless of soil 
fertility levels. In the future, it would be good approach to take up those moderately resistant genotypes 
in comprehensive breeding programs as a parent for hybridization. 
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INTRODUCTION 
 

Ethiopia is one of the secondary centers of diversity for 
chickpea, while South Asia and the Mediterranean are 
considered as the primary centers of diversity (van der 
Maesen, 1987; Upadhyaya, 2003). 

Chickpea is among the most important cool season food 
legumes grown worldwide (FAO, 2008; Gaur et al., 
2010). Among the pulse crops, chickpea has consistently 
maintained  a   much   more   significant   status,  ranking 

 

*Corresponding author. E-mail: sisayargaye6@gmail.com Tel: +251 915 704 660. 
  
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 
 
 
 
second in area and production after common bean 
(Phaseolus vulgaris L.) and field pea (Pisum sativum L.) 
(Gaur et al., 2010). 

There are two main chickpea botanical subtypes grown 
globally, namely Kabuli and Desi, representing two 
diverse gene pools. The Desi chickpeas are characterized 
by small angular seed shape, dark seed coat, pink 
flowers, anthocyanin pigmentation of stem, rough seed 
surface, and either semi-erect or semi-spreading growth 
habit. The Desi types account for about 85% of world 
production. This subtype is the principal type grown in 
India, Pakistan, Iran, Afghanistan and Ethiopia, whereas 
the Kabuli types generally have large oval shaped seeds, 
white flowers, smooth seed surface, lack of anthocyanin 
pigmentation, semi-spreading growth habit and more 
suited to the temperate climates (Pundir et al., 1991; 
Reddy et al., 2007). It is grown mainly in the Middle East, 
India, Mexico as well as in North America, Australia and 
Spain. Kabuli types have been recently introduced to 
Ethiopia but the Desi types are dominating the production 
(over 80%) in the country in terms of both area coverage 
and volume of production (Kinfe et al., 2015). 

Chickpea serves as a multipurpose crop valuable as an 
export commodity, as it fixes atmospheric nitrogen, a 
good "break" crop to different diseases and pests, when 
grown in rotation with cereals (Kirkegaard et al., 2008; 
Shiferaw and Teklewold, 2007; Bejiga and Daba, 2006). 
Moreover, it reduces malnutrition and improves human 
health, especially for the poor who cannot afford livestock 
products, and increases livestock productivity as the 
residue is rich in digestible crude protein content 
compared to residue from cereals (Wood and Grusak, 
2007). 

Because of its susceptibility to several abiotic (drought, 
poor soil fertility, and poor cultural practices) and biotic 
(diseases, insect pests and weeds) factors, the 
production of chickpea in Ethiopia has remained 
constantly low, with a national average yield of 2.01 tons 
ha

-1
 (CSA, 2020), which is far below the potential yield of 

4-5 tons ha
-1

 (Fikre, 2016). Among the major problems to 
increase chickpea production in Ethiopia include the 
damage inflicted by storage insects. The most important 
pests of stored grain legume seeds are Callosobruchus 
chinensis L., Callosobruchus maculates Fabricius, 
Callosobruchus analis Fabricius, Acanthoscelides obtectus 
Say, and Bruchus incarnates (Desroches et al., 1995).  

Among the bruchid beetles, Adzuki bean beetle is one 
of the most devastating storage pests throughout the 
world causing substantial loss during storage (Gowda et 
al., 1982; Sing et al., 1994; Desroches et al., 1995; 
Gemechu et al., 2012). Reports indicate that Adzuki bean 
beetle in chickpea may cause losses of up to 50% in 
Ethiopia and 28% in Eritrea (Kemal et al., 1994; Haile, 
2006). 

It is widely agreed that food losses after harvest can be 
substantial and are important in terms of quantity, quality, 
and nutritional and economic values (Homan and  Yubak, 
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2011). Commercial grain buyers usually reject or refuse 
to accept delivery of insect contaminated grain or may 
pay very low price for it (Hill, 1990; Espinal, 1993; 
Nchimbi-Mosolla and Miswangu, 2001). Genetic 
enhancement of insect and disease resistance in 
chickpea can increase its yield potential by as much as 
three times (ICRISAT, 1992). 

In different countries, effective storage insect pest 
management through genetic improvement of the host for 
resistance has thoroughly been reviewed for various 
crops (Shaheen et al., 2006; Somta et al., 2007, 2008). 
For example, Ahmed and Yusuf (2007) found some level 
of insect resistance in groundnut (Arachis hypogea) to 
both Indian meal moth (Plodia interpunctella) and rust red 
flour beetle (Tribolium castaneum). Derera et al. (2001) 
also observed a kind of partial resistance in maize 
genotypes to the weevil (Sitophilus zeamais). Upadhyaya 
et al. (2011) reported the importance of utilizing this 
diversity in chickpea breeding programs in order to 
develop varieties with high yielder and resistance to 
stress. Similarly, Gemechu et al. (2012) suggested the 
importance of exploiting chickpea genetic resources with 
proven performance for better resistance to Adzuki bean 
beetle in chickpea breeding programs in Ethiopia. 
However, chickpea breeding approach in Ethiopia mainly 
focused on improved seed quality, phenological 
components and grain yield; while the need for genetic 
enhancement for resistance to Adzuki bean beetle under 
different soil fertility levels received less attention. 

Genetic diversity resistance to pests may be a 
reflection of differences in plant health, as mediated by 
soil fertility management (Phelan et al., 1995). Different 
authors reported the ability of crop plants to resist insect 
pests and diseases when grown under optimal (physical, 
chemical and biological) soil conditions. Again, evidence 
suggests that resistance is linked directly to the 
physiology of the plant and thus any factor that affects 
the physiology of the plant may lead to changes in 
resistance to insect pests (Slansky, 1990). 

Resistant varieties have become a crucial element in 
the success of many on-going insect pest management 
programmes, which is an effective, feasible, economical 
and environmentally safe pest management approach 
(Pedigo and Higley, 1996; Gemechu et al., 2012). Dobie 
(1984) suggested that the use of improved grain cultivars 
with resistance to storage pests could provide a key 
element in integrated pest management for stored grains.  
The objective of this study was to understand the 
diversity of Chickpea genotypes managed under different 
soil fertility levels for Adzuki bean beetle resistance in 
Ethiopia. 
 

 
MATERIALS AND METHODS 
 

Description of Experimental Sites 
 

Both  experiments  were  conducted   in   Holetta   and   Debre  Zeit  



66          J. Plant Breed. Crop Sci. 
 
 
 
Agricultural Research Centers, Ethiopia. Debre Zeit Agricultural 
Research Center (DZARC) is located in East Shewa Zone of 
Oromia Regional State in Central Ethiopia, at 08°44’N, 38°58’E and 
an altitude of 1900 m.a.s.l.. It is characterized by long term mean 
annual rainfall of 851 mm and mean maximum and minimum 
temperatures of 28.3 and 8.9°C, respectively. Holetta Agricultural 
Research Center (HARC) is located in West Shewa Zone of Oromia 
Regional State in Central Ethiopia, at 09°04'12"′N, 38

o
29'45"E and 

an altitude of 2400 m.a.s.l. It is characterized by long term mean 
annual rainfall of 1064 mm and mean maximum and minimum 
temperatures of 22.5 and 6.4°C, respectively. 
 
 
Genetic materials 
 
A total of 100 genotypes were used in the study: 54 chickpea 
germplasm accessions collected from the major chickpea 
production areas all over the country (Arsi, East Gojam, West 
Gojam, North Gonder, South Gonder, West Harerge, East Shewa, 
North Shewa, West Shewa, Tigray, and Wello), 29 pipeline 
materials and 17 improved varieties. The pipeline materials and 
released varieties were originally from the Ethiopian Institute of 
Agricultural Research (EIAR), the International Center for 
Agricultural Research in the Dry Areas (ICARDA) and the 
International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT). The test genotypes are described in Table 1. 
 
 
Experimental field layout and management of treatments 
 
All genotypes were grown in 2016 main cropping season in a 
randomized complete block design with 3 replications in vertisol at 
Holetta and Debre Zeit under three different soil fertility levels, that 
is, neither rhizobium nor with phosphorus, only with rhizobium and 
with phosphorus and rhizobium. Phosphorus was applied at the 
rate of 20 g per plot (1.2 m

2
) in the form of triple supper phosphate 

(TSP) as recommended (Eshete, 1994). An effective isolate of 
Rhizobium, CP EAL 004, was inoculated at the rate of 
approximately 1 g of inoculum for 40 seeds using 40% gum Arabic 
as an adhesive (Somasegaran and Hoben, 1985). 
Freshly harvested seeds of each genotypes were cleaned manually 
from foreign materials and adjusted to 9.0-10% moisture contents 
by sun-drying and disinfected in a deep freeze at about -20°C for a 
month prior to the study to eliminate any pre-storage infestation 
(eggs, larvae and adult bruchids). 
 
 
Mass-rearing of the insects 
 
Adult beetles were mass-reared using a susceptible chickpea 
variety Shasho as suggested by Gemechu et al. (2012). The 
beetles were introduced into 10 kg of seeds from the susceptible 
variety and kept at ambient temperature and relative humidity for 
seven days to allow oviposition. Mass-rearing was made at Holetta 
and Debre Zeit Agricultural Research Centers, Entomology 
Laboratories. To standardize the age of the progeny, the parent 
insects were sieved out after seven days. After parent removal, the 
progenies that emerged were used for re-culturing and, 
subsequently, 1-2 day old adult insects that emerged were used for 
the purpose of infestation. 
 
 
Laboratory experimental design and infestation 
 
The experiment was conducted under ambient room temperature 
and relative humidity in a randomized complete block Design 
(RCBD) with 3 replications. Two hundred seeds of each genotypes 
were allocated per experimental unit (a plastic jar of  250 ml; 6 cm x  

 
 
 
 
7 cm). The chickpea genotypes were assigned to jars at random 
within each block. Fourteen 1-2 days old unsexed adults of Adzuki 
bean beetles were collected from the maintained culture and 
randomly selected and released in each jar. The male to female 
ratio in this insect being nearly 1:1 (Lemma, 1990), was assumed 
that each jar received 7 males and 7 female. The ovipositing adults 
were kept in the jars for 7 days after introduction and then were 
removed from the jars. The plastic jars containing seeds were 
inspected on daily basis for the emergence of first progeny. When 
emergence of the first progeny was completed, the first progeny 
was removed from the jars for evaluation of the level of attack and 
loss incurred by the first progeny. With the help of portable thermo-
hygrometer, temperature and relative humidity of the room was 
recorded daily until the end of the experiment to observe the daily 
fluctuation. The level of temperature and humidity of the laboratory 
is sometimes observed to be influenced by external environmental 
situations during the course of experimental periods (Appendix 
Figure 1). 

 
 
Data collection  

 
Total number of eggs: Total number of eggs laid on the surface of 
seeds of each genotype was counted on a daily basis starting from 
the 4th day to the 14th day of infestation. 

 
Days to adult emergence: The number of days required to adult 
emergence was recorded on a daily basis starting from the 25th 
day of infestation until the first adult emerged from seeds. 
 
Number of adults emerged: Total number of adults that emerged 
from each genotype was counted on a daily basis starting from the 
25th day of infestation to until the last adult of the first progeny 
emerged from seeds. 
 
Susceptibility index (SI): Susceptibility index calculated after 
Howe (1971) as modified by Dobie (1977) using the formula: 
 

 
 
Where SI = susceptibility index, Log Y= log number of first emerged 
adults, T = mean developmental periods (days), estimated as the 
time from the middle of oviposition period to 50% emergence of the 
first progeny. The values of the susceptibility indices were used to 
rank genotype susceptibility to the bruchids into five categories 
according to Mensah (1986) as follows: 

 
i. Genotypes with values ranging from 0.0-2.5 were considered 
resistant genotypes (R). 
ii. Genotypes with values ranging from 2.6-5.0 were considered 
moderately resistant (MR). 
iii. Genotypes with value ranging from 5.1-7.5 were considered 
moderately susceptible (MS). 
iv. Genotypes with values ranging from 7.6-10.0 were considered 
susceptible (S). 
v. Genotypes with values greater than 10.0 were considered highly 
susceptible (HS). 

 
Percentage of seed damage: The percent damage of each 
genotype was calculated by separating healthy grains (without 
holes) from the sieved samples and used for percent damage 
calculations using the formula described by Khattak et al. (1987) as: 

 

 
 

Where Nds =  number  of  damaged  seed,  Tns  =  total  number of 
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Table 1. Description of the test chickpea genotypes included in the experiment. 
 

S/No. Accession Region Zone Woreda/District Altitude (m.a.s.l.) 

1 231327 Oromia  Arsi Merti 1540 

2 231328 Oromia  Arsi Jeju 1600 

3 209094 Oromia  Arsi Dodota Sire 1750 

4 209098 Oromia  Arsi Dodota Sire 1860 

5 41002 Oromia  Arsi Tena 2080 

6 41026 Amahara E. Gojam Hulet Ej Enese 2280 

7 41074 Amahara E. Gojam Hulet Ej Enese 2450 

8 41021 Amahara E. Gojam Enarj Enawga 2510 

9 41027 Amahara E. Gojam Shebel Berenta 2450 

10 41029 Amahara E. Gojam Enarj Enawga 2880 

11 207745 Amahara W. Gojam Adet 2230 

12 41277 Amahara W. Gojam Adet 2240 

13 207743 Amahara W. Gojam Adet 2240 

14 41015 Amahara W. Gojam JabiTehnan 2020 

15 41273 Amahara W. Gojam Adet 2300 

16 41280 Amahara N. Gonder Gonder Zuria 1940 

17 41308 Amahara N. Gonder Dembia 2010 

18 41312 Amahara N. Gonder Gonder Zuria 1950 

19 41304 Amahara N. Gonder Dabat 2610 

20 41303 Amahara N. Gonder Wegera 2710 

21 41311 Amahara N. Gonder Dembia 1925 

22 41289 Amahara S. Gonder Kemekem 1855 

23 41290 Amahara S. Gonder Kemekem 1880 

24 41291 Amahara S. Gonder Kemekem 1900 

25 41048 Amahara S. Gonder Farta 2660 

26 41053 Amahara S. Gonder Lay Gayint 3120 

27 209090 Oromiya W. Harargie Habro 1740 

28 209091 Oromiya W. Harargie Habro 1730 

29 209087 Oromiya W. Harargie Kuni 1740 

30 209088 Oromiya W. Harargie Habro 1740 

31 207661 Oromiya E. Shewa Ada’a Chukala 1850 

32 207667 Oromiya E. Shewa Akaki 2180 

33 41134 Oromiya E. Shewa Akaki 2080 

34 41168 Oromiya E. Shewa Ada’a Chukala 2150 

35 41130 Oromiya E. Shewa Akaki 2190 

36 41207 Amahara N. Shewa Siyadebrina Wayuens 2580 

37 41215 Amahara N. Shewa Moretena Jiru 2640 

38 41066 Oromiya N. Shewa Wara Jarso 2550 

39 41008 Oromiya N. Shewa Yaya Gulale 2700 

40 209035 Oromiya W. Shewa Alem Gena 2010 

41 41176 Oromiya W. Shewa Ambo 2022 

42 41174 Oromiya W. Shewa Ambo 2120 

43 41170 Oromiya W. Shewa Dendi 2160 

44 41185 Oromiya W. Shewa Woliso Goro 2000 

45 207151 Tigray Tigray Enderta ---- 

46 207563 Tigray Tigray Hintalo Wajirat 1960 

47 207564 Tigray Tigray Laelay  Maychew 2150 

48 219800 Tigray Tigray Adwa 2400 

49 219803 Tigray Tigray Tahtay Koraro 1880 

50 41114 Amahara S. Wello Werebabu 1560 

51 212589 Amahara S. Wello Kalu 1600 
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Table 1. Contd. 
 

52 207660 Amahara S. Wello Dessie Zuria 1950 

53 207646 Amahara S. Wello Debresina 2510 

54 225874 Amahara S. Wello Debresina 2450 

55 DZ-2012-CK-0001 ICARDA - - - 

56 DZ-2012-CK-0002 ICARDA - - - 

57 DZ-2012-CK-0003 ICARDA - - - 

58 DZ-2012-CK-0005 ICARDA - - - 

59 DZ-2012-CK-0007 ICARDA - - - 

60 DZ-2012-CK-0010 ICARDA - - - 

61 DZ-2012-CK-0012 ICARDA - - - 

62 DZ-2012-CK-0013 ICARDA - - - 

63 DZ-2012-CK-0029 TLI MARS-FS - - - 

64 DZ-2012-CK-0030 TLI MARS-FS - - - 

65 DZ-2012-CK-0031 ICRISAT - - - 

66 DZ-2012-CK-0032 ICARDA - - - 

67 DZ-2012-ck-0033 ICARDA - - - 

68 DZ-2012-CK-0034 TLI MARS-FS - - - 

69 DZ-2012-CK-0035 TLI MARS-FS - - - 

70 DZ-2012-CK-0037 TLI MARS-FS - - - 

71 DZ-2012-CK-0038 ICRISAT - - - 

72 DZ-2012-CK-0039 ICARDA - - - 

73 DZ-2012-CK-004 ICARDA - - - 

74 DZ-2012-CK-006 ICRISAT - - - 

75 DZ-2012-CK-0061 ICARDA - - - 

76 DZ-2012-CK-0062 ICARDA - - - 

77 DZ-2012-CK-0065 ICARDA - - - 

78 DZ-2012-CK-009 ICARDA - - - 

79 DZ-2012-CK-0170 ICARDA - - - 

80 DZ-2012-CK-0220 ICARDA - - - 

81 DZ-2012-CK-0246 ICARDA - - - 

82 DZ2012-CK-0248 ICARDA - - - 

83 DZ-2012-CK-0251 ICARDA - - - 

84 Akaki Ethiopia - - - 

85 Akuri ICRISAT - - - 

86 Chef ICARDA - - - 

87 Dalota ICRISAT - - - 

88 Ejere ICARDA - - - 

89 Fetenech ICARDA - - - 

90 Habru ICARDA - - - 

91 Kasech ICARDA - - - 

92 Kobo ICRISAT - - - 

93 Kutaye ICRISAT - - - 

94 Mastewal ICRISAT - - - 

95 Minjar ICRISAT - - - 

96 Natoli ICRISAT - - - 

97 Shasho ICRISAT - - - 

98 Teji ICARDA - - - 

99 Teketaye ICRISAT - - - 

100 Worku Ethiopia    
 

- = The information is not available.  



 
 
 
 
seeds. 

 
Adult recovery (%): The actual number of adults that emerged 
compared with the actual number of eggs laid on the surface of 
seeds. That is, the ratio of number of adults emerged to number of 
eggs multiply by one hundred. 

 
Thousand seed weight (g): Cleaned grains sample was taken 
from each genotype and 1000-grains were weighed in grams after 
adjusting the moisture content to the standard level (10%). 

 
Proportion of seed coat by weight (%): Seed coat weight as 
percent of total seed weight of the same genotypes grown under 
the same conditions was taken from the replicated field trial. That is, 
ratio of seed coat weight to total weight of the seed multiply by one 
hundred. 

 
Seed weight loss (g): The seeds were separated into damaged 
and undamaged categories and weight loss was adjusted to 10% 
moisture content. The damaged and undamaged seeds were 
counted and weighed. Percent weight loss was calculated using the 
formula given by Adams (1976) as follows: 

 

 
 
Where U = weight of undamaged grain; D = weight of damaged 
grain; Nd = number of damaged grain; Nu = number of undamaged 
grain. 

 
 
Data analyses 

 
Count data including total number of eggs, number of adults 
emerged and mean number of holes per seed were log-transformed. 
Likewise, percent data, adult recovery, proportion of seed coat 
weight by weight, percent of damage seeds, percent seed weight 
loss and index of susceptibility were angular-transformed (arcsine 
proportion) in order to stabilize the variance (Gomez and Gomez, 
1984). Data on thousand seed weight and days to adult emergence 
were not transformed because variance heterogeneity was not 
observed. 

 
 
Cluster and distance analyses 

 
Cluster analysis based on the average linkage method was made to 
examine the assembling pattern of the 100 chickpea genotypes 
managed under different soil fertility levels. The number of cluster 
was determined based on Pseudo F and Pseudo t

2 
statistics. The 

points where local peaks of the pseudo F-statistic join with small 
values of the pseudo t

2 
statistic followed by a larger pseudo t

2 
for 

the next cluster combination was used to determine the number of 
clusters. Dendrograms were constructed based on the Euclidean 
distance used as a measure of dissimilarity (the distance). 
Genetic distances between clusters as standardized Mahalanobis’s 
D

2
 statistics (Mahalanobis, 1936) were calculated using the formula: 

 
Dij

2 
= (xi – xj)’ cov

-1
(xi – xj)                                                            (11) 

 
Where, Dij

2
 = the distance between cases i and j; xi and xj = vectors 

of the values of the variables for cases i and j; and cov
-1

 = the 
pooled within groups variance-covariance matrix. 

Both cluster and distance analyses were done using SAS 
statistical package (SAS Institute, 2002), whereas the dendrograms 
were built using the MINITAB 14 statistical package (Minitab, 2010). 
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RESULTS AND DISCUSSION 
 
Cluster analysis 
 

Cluster analysis was used to group the genotypes into 
five clusters with and without application of rhizobium and 
phosphorus, and into six clusters under the application of 
both rhizobium and phosphorus (Figure 1 and Table 2). 
This indicated that the higher number of clusters was 
formed when the crop was grown under the application of 
both rhizobium and phosphorus, and suggested that the 
better the soil fertility the better would be the higher 
genetic expression in terms of genetic diversity. 
Interestingly, these results are in-agreement with the 
report of Gemechu et al. (2012) in 155 chickpea 
genotypes, who reported that cluster analysis grouped 
the genotypes into five clusters in the absence and six 
clusters in the presence of phosphorus fertilizer. 
Similarly, on the same crop, Mussa (2017) reported that 
the cluster analysis has grouped the 210 chickpea 
genotypes into 12 distinct clusters under full-water 
condition and 10 under water-stressed condition. Under 
the three soil fertility management levels, different cluster 
contained different number of genotypes. 

When genotypes were grown without rhizobium and 
phosphorus, the first cluster (C1) consisted of 5 large-
seeded and improved Desi genotypes with relatively 
thicker seed coat. The second cluster (C2) under the 
same soil fertility management level consisted of a total 
of 26 large-seeded and improved Kabuli genotypes with 
relatively thinner seed coat. Likewise, the third cluster 
(C3) also consisted of only a single improved Kabuli 
genotype with large seed size and relatively thinner seed 
coat. The fourth cluster (C4) under the same soil fertility 
management was the largest with 61 Desi genotypes with 
relatively thicker seed coat. The fifth cluster (C5) 
consisted of seven small-seeded landrace Desi genotypes 
with relatively thicker seed coat. 

When the genotypes were grown under rhizobium 
inoculation, the first cluster (C1) consisted of 16 
genotypes, and the second cluster (C2) 46 small-seeded 
improved Desi genotypes with relatively thinner seed 
coat. The third cluster (C3) consisted of 5 Desi genotypes 
with relatively thicker seed coat, the fourth cluster (C4) 25 
genotypes and the fifth cluster (C5) 8 improved large-
seeded Kabuli genotypes with relatively thinner seed 
coat. Except in cluster five where improved Kabuli 
genotypes were grouped, landraces and improved 
genotypes were grouped into other clusters. 

When the genotypes were grown under rhizobium and 
phosphorus condition, the first cluster (C1) consisted of 
18 landraces and improved Desi genotypes with relatively 
thicker seed coat. The second cluster (C2) consisted of 
39 small-seeded landrace Desi genotypes with relatively 
thicker seed coat. The third cluster (C3) consisted of 15 
small- and medium-seeded Desi genotypes with relatively 
thinner seed coat. The fourth cluster (C4) consisted of 21 
(20 landrace and one improved) Desi genotypes including  
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Table 2. Clustering of 100 chickpea genotypes grown with neither rhizobium nor phosphorus, with rhizobium, with rhizobium and phosphorus 
using means of ten response characters to infestation by Adzuki bean beetle. 
 

Cluster No. of genotypes Genotypes included in the cluster 

Neither rhizobium nor phosphorus 

C1 5 DZ-2012-CK-0030, DZ-2012-CK-0033, DZ-2012-CK-0038, DZ-2012-CK-0039, Dalota 

C2 26 

DZ-2012-0251, DZ-2012-CK-0002, DZ-2012-CK-0002, DZ-2012-CK-0003, DZ-2012-CK- 0005, DZ-2012-CK-0007, DZ-
2012-CK-0010, DZ-2012-CK-0012, DZ-2012-CK-0013, DZ-2012-CK-004, DZ-2012-CK-006, DZ-2012-CK-0061, DZ-2012-
CK-0062, DZ-2012-CK-0070, DZ-2012-CK-009, DZ-2012-CK-0220, DZ-2012-CK-0246, DZ-2012-CK-0248, Akuri, Chefe, 
Ejere, Habru, Kasech, Kobo, Shasho, Teji 

C3 1 DZ-2012-CK-0065 

C4 61 

41291, 41312, 204088, 207151, 207563, 207564, 207661, 207667, 207743, 207745, 209035, 209087, 209090, 209091, 
209094, 209098, 219800, 219803, 231327, 41002,41008, 41021, 41027, 41029, 41048, 41053, 41066, 41074, 41114, 
41130, 41134, 41168,41170, 41174, 41176, 41185, 41207, 41215, 41273,41277,41280,41289,41290,41303,41308,41311, 
41304, DZ-2012-CK-0029, DZ-2012-CK-0031, DZ-2012-CK0032, DZ-2012-CK-0034, DZ-2012-CK-0035, DZ-2012-CK-
0037, Akaki, Fetenech, Kutaye, Mastewal, Minjar,Natoli, Teketaye, Worku, 

C5 7 207646, 207660, 212589, 225874, 231328, 41015, 41026 
 

With rhizobium 

C1 16 
209035, 219800, 41002, 41074, 41174, DZ-2012-CK-0030, DZ-2012-CK-0029, DZ-2012-CK-0031, DZ-2012-CK0032, DZ-
2012-CK-0035, DZ-2012-CK-0037, DZ2012-CK-0038, Fetenech, Natoli, Teketaye, Worku, 

C2 46 

41291, 41312, 204088, 207151, 207563, 207564, 207646, 207660, 207661, 207667,207743, 207745, 209087, 209090, 
209091, 209094, 212589, 219803, 41008, 41015, 41021, 41026, 41027, 41029, 41048, 41053, 41066, 41114, 41130, 
41134, 41168, 41170, 41185, 41207, 41215, 41273, 41277, 41280, 41289, 41290, 41303, 41308, 41311, 41304, Akaki, 
Kutaye 

C3 5 209098,225874,231327,231328,Minjar 

C4 25 

41176, DZ2012CK0251, DZ2012CK0002, DZ-2012-CK-0002, DZ-2012-CK0003, DZ-2012-CK-0005, DZ2012-CK-0012, 
DZ-2012-CK-0013, DZ-2012-CK-0033,DZ-2012-CK-0034, DZ-2012-CK-0039, DZ2012-CK-004, DZ-2012-CK-006, DZ-
2012-CK-0061, DZ-2012-CK-0062, DZ-2012-CK-0065, DZ-2012-CK-0070, DZ-2012-CK-009, DZ-2012-CK0220, DZ-2012-
CK-0246, DZ2012-CK-0248, Chefe, Dalota, Ejere, Mastewal 

C5 8 DZ-2012-CK-0010, DZ-2012-CK-0007, Akuri, Habru, Kasech, Kobo, Shasho,Teji 
 

With rhizobium and phosphorus 

C1 18 
209098, 41176, DZ-2012-CK-0029, DZ-2012-CK-0030, DZ-2012-CK-0031, DZ-2012-CK0032,DZ-2012-CK-0033, DZ-
2012-CK-0034, DZ-2012-CK-0035, DZ-2012-CK-0037, DZ2012-CK-0038, DZ-2012-CK-0039, Akaki, Kutaye, Mastewal, 
Minjar, Natoli, Teketaye 

C2 39 
41291, 204088, 207151, 207563, 207564, 207646, 207660, 207661, 207667, 207745, 209035, 209087, 209091, 209094, 
212589, 231327, 41002, 41008, 41015, 41021, 41027, 41048, 41053, 41066, 41074, 41130, 41168, 41170, 41174, 41215, 
41273, 41277, 41280, 41289, 41290, 41303, 41308, 41311, 41304 

C3 15 41312, 207743, 209090,219800, 219803, 225874, 231328, 41026, 41029, 41114, 41134, 41185, 41207, Fetenech, Worku 

C4 21 
DZ-2012-CK-0251, DZ-2012-CK-0002, DZ-2012-CK0003, DZ-2012-CK-0010, DZ-2012-CK-0012, DZ-2012-CK-0013, DZ-
2012-CK-0061, DZ-2012-CK-0062, DZ-2012-CK-0065, DZ2012-CK-0070, DZ-2012-CK-009, DZ-2012-CK0220, DZ-2012-
CK-0246, DZ2012-CK-0248, Akuri, Chefe, Dalota, Ejere, Habru, Kasech, Teji 

C5 6 DZ-2012-CK-0002, DZ-2012-CK-0005, DZ-2012-CK-0007, DZ2012-CK-004, DZ-2012-CK-006, Kobo 

C6 1 Shasho 

 
 
 
landraces and improved ones with relatively thicker seed 
coat. The fifth cluster (C5) consisted of six Kabuli and 
Desi improved genotypes while the sixth cluster (C6) 
consisted of only a single improved Kabuli large-seeded 
genotype with relatively thinner seed coat. 
 
 
Distance analysis 
 
Genetic distances (D

2
) among the clusters of the 100 

chickpea  genotypes   grown  under  different  soil  fertility 

levels for response characters to infestation by Adzuki 
bean beetle are presented in Table 3. The inter-cluster 
distances (D

2
) between the possible pairs of clusters 

were found to be mostly significant (P ≤ 0.05 or P ≤ 0.01) 
regardless of different soil fertility levels. Inter-cluster D2 
average values of 11.50 (between clusters C4 and C5) to 
62.94 (between clusters C2 and C5), 14.85 (between 
clusters C1 and C2) to 72.12 (between clusters C3 and C5) 
and 8.61 (between clusters C2 and C3) to 166.25 
(between clusters C2 and C6) was found when genotypes 
were  grown   under  neither  rhizobium  nor  phosphorus, 
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Figure 1. Dendrograms of 100 chickpea genotypes grown (A) with neither rhizobium nor phosphorus (B) with rhizobium and 
(C) with rhizobium and phosphorus showing the better soil fertility level the better would be the level of genetic expression in 
terms of genetic diversity (red, green, blue, orange ,pink and purple colors stand for clusters). 

 
 
 
only with rhizobium and with rhizobium and phosphorus 
conditions respectively. 

When the three soil fertility management levels were 
compared, the maximum genetic divergence (D

2
 = 

166.25) was observed when the genotypes were grown 
under the best soil fertility management level, that is, with 
both rhizobium inoculation and phosphorus application. 
It is generally believed that more conducive environments 
may be  expected  to  result  in  better  expression  of  the 

genetic potential of the genotypes for the traits under 
consideration (Rosielle and Hamblin, 1981; Simmonds, 
1991; Singh, 2002) despite the controversy that there 
may be no interrelationship between the type of the 
environment and the magnitude of genetic variation 
(Ceccarelli and Grando, 1996). Hybridization of parental 
lines selected from clusters C2 with those selected from 
cluster C6 (D

2
 = 166.25) in the genotypes grown with both 

rhizobium   inoculation   and   phosphorus   application  is  
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Table 3. Pair-wise squared distances (D

2
) among 5 clusters of 100 chickpea genotypes tested with neither rhizobium nor phosphorus, with 

rhizobium and with rhizobium and phosphorus to infestation by Adzuki bean beetle. 
 

Clusters C1 C2 C3 C4 C5 C6 

Neither rhizobium nor phosphorus 

C1 0 22.61
**
 38.78

**
 18.97

*
 46.09

**
 - 

C2  0 15.66
NS

 36.59
**
 62.94

**
 - 

C3   0 41.16
**
 44.15

**
 - 

C4    0 11.50
NS

 - 

C5     0  

       

with rhizobium 

C1 0 14.85
NS

 50.38
**
 28.09

**
 25.13

**
 - 

C2  0 19.75
*
 35.97

*
* 51.35

**
 - 

C3   0 41.07
**
 72.12

**
 - 

C4    0 20.60
*
 - 

C5     0 - 

       

With rhizobium and phosphorus 

C1 0 30.43
**
 30.86

**
 40.90

**
 61.21

**
 92.29

**
 

C2  0 8.61
NS

 131.91
**
 163.16

**
 166.25

**
 

C3   0 124.83
**
 136.79

**
 151.58

**
 

C4    0 15.54
NS

 47.74
**
 

C5     0 56.18
**
 

C6      0 
 

*, ** = Significant at p< 0.05 and 0.01, respectively. NS = non-significant. 

 
 
 
expected to result in good progenies. It is generally 
believed that crosses between parental genotypes 
selected from the most divergent clusters would result in 
maximum genetic recombination and segregation in the 
resultant progenies. 

However, parental selection should take into 
consideration not only genetic divergence for multiple 
traits but also specific merits of the particular genotype 
for the particular trait of interest like disease resistance 
and desirable agronomic and quality performances 
(Singh, 1990; Chahal and Gosal, 2002). There were no 
significant (P > 0.05) genetic divergence between some 
of the clusters regardless of the soil fertility management 
levels, indicating close relation among the member 
genotypes in these clusters for the traits considered in 
this study. It should be noted that crosses of parental 
pairs selected from the respective clusters with minimal 
divergence would not produce good level of genetic 
recombination and segregation in progenies for effective 
selection. 
 
 
Average performances of genotypes in different 
clusters 
 
Cluster   mean    performances    showed    existence   of 

considerable variation among the different clusters for 
individual traits to infestation by Adzuki bean beetle under 
the three soil fertility management levels (Table 4). The 
first cluster (C1) under neither rhizobium  nor phosphorus 
application, the third cluster (C3) under rhizobium 
inoculation and the second cluster (C2) under the 
application of both rhizobium and phosphorus were 
characterized by the least number of eggs laid, adults 
emerged, percentage of adult recovery, number of holes 
per seed, percentage of damage seed, and seed weight 
loss. This indicated that these clusters consisted of small 
to medium seeded genotypes with thick seed coats and 
moderate resistance to Adzuki bean bettele. When 
compared to the other clusters, those clusters were 
totally dominated by Desi type genotypes which showed 
better performance for resistance may be due to seed 
related traits that hindered reproduction and 
establishment of the insect.  

On the contrary, under neither rhizobium nor 
phosphorus condition the third cluster (C3), under 
rhizobium and with rhizobium and phosphorus the fifth 
cluster (C5) were characterized by the highest number of 
eggs laid and adults emerged, highest percentage of 
adult recovery, highest mean number of holes per seed, 
highest percentage of damaged seed by number, highest 
seed weight  loss,  highly  susceptible  to  bruchid  attack,  
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Table 4. Differences among clusters of 100 chickpea genotypes managed with neither rhizobium nor phosphorus, with rhizobium 
and with rhizobium and phosphorus for mean performance of ten response characters to infestation by Adzuki bean beetle. 
 

Cluster  
Grand mean 

Character C1 C2 C3 C4 C5 C6 

Neither rhizobium nor phosphorus 

TNE 2.052 2.101 2.264 2.096 2.229 - 2.148 

DTAE 38.40 37.91 37.67 37.97 37.79 - 37.95 

NAE 1.876 1.972 2.152 1.938 2.066 - 2.001 

AR(%) 56.74 61.67 65.13 58.72 58.28 - 60.11 

MNHPS 0.964 1.006 1.126 0.991 1.083 - 1.034 

TSW 287.2 326.5 328.7 149.8 118.4 - 242.1 

PSCBW(%) 23.420 14.99 15.75 29.67 31.06 - 22.98 

PDSBN(%) 35.882 46.54 51.43 41.17 47.16 - 44.44 

PSWL(%) 1.975 2.447 2.724 2.364 2.822 - 2.466 

SI 5.176 5.502 6.053 5.408 5.805 - 5.589 
        

With rhizobium 

TNE 2.117 2.017 1.879 2.028 2.146 - 2.037 

DTAE 38.20 38.22 38.37 38.43 37.92 - 38.23 

NAE 1.992 1.869 1.648 1.885 2.022 - 1.883 

AR(%) 61.50 59.20 52.88 59.83 62.08 - 59.10 

MNHPS 1.016 0.957 0.875 0.969 1.033 - 0.97 

TSW 203.9 127.2 151.4 314.2 317.2 - 222.8 

PSCBW(%) 27.59 30.67 28.31 16.95 14.72 - 23.65 

PDSBN(%) 44.28 40.04 34.82 42.89 52.81 - 42.97 

PSWL(%) 2.545 2.166 1.913 2.207 2.766 - 2.319 

SI 5.537 5.221 4.620 5.242 5.620 - 5.248 
        

With rhizobium and phosphorus 

TNE 2.058 2.021 2.125 2.041 2.176 2.172 2.099 

DTAE 38.27 38.12 37.88 38.26 37.92 38.67 38.19 

NAE 1.901 1.855 1.998 1.896 2.043 1.950 1.941 

AR(%) 58.36 58.01 61.46 60.00 60.87 52.07 58.46 

MNHPS 0.971 0.947 1.015 0.974 1.059 0.983 0.992 

TSW 237.4 126.8 135.7 323.9 331.2 266.3 236.9 

PSCBW(%) 24.84 30.67 30.69 15.06 15.31 15.75 22.05 

PDSBN(%) 37.29 36.80 42.54 41.76 47.17 48.69 42.38 

PSWL(%) 2.078 2.057 2.385 2.210 2.590 3.312 2.439 

SI 5.277 5.172 5.589 5.293 5.730 5.317 5.396 

 
 
 
and largely seeded with thin seed coat. When compared 
to the other clusters those clusters were dominated by 
Kabuli type genotypes which showed least performance 
in most insect and seed related traits.  

The remaining clusters were found to have exhibited 
intermediate mean value for both seed and insect related 
traits. Thus, the current result was in line with earlier 
works which reported that the susceptible genotypes with 
soft smooth seed coat, white seed color and bigger grain 
size resulted to higher insect damage (Gemechu et al., 
2012; Sarwar, 2012). Similarly, Pacheco et al. (1994) 
reported that the level of resistance against insect 
damage related with physical characteristics of  the  seed 

coat such as dark color, roughness, and thickness. 
Again, Winn (1988) suggested that seed size is known as 
one of the factors for determining the level of resistance 
to bruchid species while predation is considered to result 
in selection for smaller seeds in wild legumes. Likewise, 
Nwanze and Horber  (1975) demonstrated that cowpea 
beetle (C. maculates) prefers smooth seeded to rough 
seeded cowpeas. 
 
 
Geographic pattern of genetic diversity 
 
The large  majority  of  the  genotypes, including released 
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Table 5. Clustering pattern based on mean performance of ten traits of 100 chickpea genotypes grown under neither rhizobium nor 
phosphorus, with rhizobium and with rhizobium and phosphorus conditions to infestation by Adzuki bean beetle. 
 

Origin No. genotypes 
No of genotypes in each cluster 

C1 C2 C3 C4 C5 C6 

Neither rhizobium nor phosphorus 

Arsi 5 - - - 4 1 - 

East Gojam 5 - - - 4 1 - 

West Gojam 5 - - - 4 1 - 

North Gonder 6 - - - 6 - - 

South Gonder 5 - - - 5 - - 

West Harargie 4 - - - 4 - - 

East Shewa 5 - - - 5 - - 

North Shewa 4 - - - 4 - - 

West Shewa 5 - - - 5 - - 

Tigray 5 - - - 5 - - 

South Wello 5 - - - 1 4 - 

Piplines 29 4 18 1 6 - - 

Improved genotypes 17 1 8 - 8 - - 

Total 100 5 26 1 61 7 - 

        

With rhizobium 

Arsi 5 1 1 3 - - - 

East Gojam 5 1 4 - - - - 

West Gojam 5 - 5 - - - - 

North Gonder 6 - 6 - - - - 

South Gonder 5 - 5 - - - - 

West Harargie 4 - 4 - - - - 

East Shewa 5 - 5 - - - - 

North Shewa 4 - 4 - - - - 

West Shewa(plot 38) 5 2 2 - 1 - - 

Tigray 5 1 4 - - - - 

South Wello 5 - 4 1 - - - 

Elite breeding line 29 7 - - 20 2 - 

Released genotypes 17 4 2 1 4 6 - 

Total 100 16 46 5 25 8  

        

With rhizobium and phosphorus 

Arsi 5 1 3 1 - - - 

East Gojam 5 - 3 2 - - - 

West Gojam 5 - 4 1 - - - 

North Gonder 6 - 5 1 - - - 

South Gonder 5 - 5  - - - 

West Harargie 4 - 3 1 - - - 

East Shewa 5 - 4 1 - - - 

North Shewa 4 - 3 1 - - - 

West Shewa (plot 38) 5 1 3 1 - - - 

Tigray 5 - 3 2 - - - 

South Wello 5 - 3 2 - - - 

Piplines 29 10 - - 14 5 - 

Improved genotypes 17 6 - 2 7 1 1 

Total 100 18 39 15 21 6 1 



 
 
 
 
varieties, tended to concentrate on a limited number of 
clusters but, generally, the pattern of distribution of the 
genotypes originating from different eco-geographical 
regions of the country across different zones (Arsi, East 
Gojam, West Gojam, North Gonder, South Gonder, West 
Harargie, East Shewa, North Shewa West Shewa, Tigray 
and South Wello) showed that genotypes from the 
different origins may be grouped together into the same 
clusters and genotypes from the same origins were 
grouped into different clusters (Table 5). The 
concentration of the large majority of the genotypes into a 
few clusters may indicate existence of limited genetic 
diversity for response characters to infestation by Adzuki 
bean beetle. Similar results were also reported from an 
earlier study of chickpea genotypes mostly collected from 
Ethiopia and a few from exotic sources (Gemechu et al., 
2012). The tendency of most of the released varieties to 
be concentrated into a few clusters may indicate that 
breeders have emphasized similar characters during 
selection and might develop genetic materials with similar 
genetic background as in most modern varieties (Heisey 
and Brennan, 1991). 
 
 

Conclusion 
 

Application of both rhizobium and phosphorus received 
higher number of clusters than crops grown without 
application of rhizobium and phosphorus. This showed 
that the better the soil fertility the better would be the 
higher genetic expression in terms of genetic diversity. 
Singh (2002) also suggested that the more conducive the 
test environment, the better would be the level of genetic 
expression of the multiple traits and the level of genetic 
diversity, not only, in terms of the magnitude of the D

2
 

values, but also, in terms of the number of clusters 
formed. 

Under the three soil fertility levels, genetic diversity for  
individual traits to infestation by Adzuki bean beetle was 
observed. For instance, Desi type genotypes under each 
cluster showed relatively least level of infestation against 
the beetle may be due to seed related traits like least 
mean number of holes per seed, low percentage of seed 
damage, least seed weight loss, small seed size with thin 
seed coat. that hindered reproduction and establishment 
of the insect. Similarly, Pacheco et al. (1994) reported 
that the level of resistance against insect damage related 
with physical characteristics of the seed coat such as 
dark color, roughness, and thickness. 
Generally, to broaden the source of genetic variability of 
chickpea in Ethiopia, it would be good approach take up 
moderately resistant genotypes in a comprehensive 
breeding program as a parent for hybridization. 
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