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ABSTRACT 

Kabuli chickpea regional variety trial was carried out at Kobo, Sirinka, Jari and chefa from 2006 to 2007cropping 
season. The objectives of the trial were to evaluate the performance of genotypes for seed yield and yield related traits and 
to select and promote the promising ones for verification. Fourteen genotypes including Yelbe (standard check) and 
Shasho (local check) were tested using RCBD. Analysis of variance and GGE biplot analysis were employed on multi 
environment seed yield data. The combined analysis of variance showed significant difference for both main and 
interaction effects of genotypes, locations and years which led to exploit the significant effect of genotype -by - 
environment interaction. Based on the analysis of variance and GGE biplot analysis, two varieties namely ICCV-01308 
and FLIP-95-31C with average seed yield of 1.96 t-ha and 2.05 t-ha, respectively were selected, verified and have been 
released for Kobo and similar areas. On other hand, variety ICCV-03402 with average seed yield of 2.34 t-ha was selected, 
verified and has been released for Sirinka, Jari, Chefa and similar areas in Ethiopia. Chefa and Jari were identified as an 
ideal environment that has both discriminating ability of the genotypes and representative of the other test environments. 
Therefore, this environment can be used to effectively select superior chickpea genotypes that can perform consistently 
best across environments. 
 
Keywords: Kabuli chickpea, variety development, environment, interaction. 
 
INTRODUCTION 

Chickpea (Cicer arietinum L.) is an important 
leguminous crop grown under a wide range of 
environments in Ethiopia. It is widely grown in different 
agro-ecological zones falling between 1400 to 2300m 
above sea level where the mean annual rainfall ranges 
from 700 to 2000mm (Geletu Bejiga and Million Eshete, 
1996). Chickpea, which is drought tolerant and performs 
well in low input agriculture, was cultivated on an area of 
239, 512.43 hectares with average national productivity of 
17.11qt/ha CSA, 2013). Desi type chickpea is the common 
and Ethiopia considered secondary home of diversity 
though recently Kabuli chickpea has been cultivated and 
popularized through Ethiopian Agricultural Research 
Institute in the country. Now a day Ethiopia is exporting 
Kabuli chickpea to her neighboring country. Chickpea 
seeds are eaten fresh as green vegetables, parched, fried, 
roasted and boiled; as snack food; seeds are ground and 
the flour can be used as soup, dhal, and to make bread in 
Ethiopia. Ethiopia is the largest producer of chickpea in 
Africa, accounting for about 46% of the continent’s 
production during 1994-2006. It is also the seventh largest 
producer worldwide and contributes about 2% to the total 
world chickpea production (Menale Kassie et al., 2009). 

Despite of its importance, chickpea productivity 
is very low. The national average yield of Chickpea in 
Ethiopia under farmers’ production condition remains less 
than 1.7t ha-1 (CSA, 2013). On the other hand, the 
potential of the crop under improved management 
condition is more than 3t ha-1 (Singh, 1987; Legesse Dadi 
et al., 2005). A number of limiting factors contribute to 
low productivity of chickpea. The major constraints are a 
series of abiotic and biotic stresses that reduce yield and 

yield stability. Production of chickpea commonly depends 
on residual moisture which can also contribute for low 
productivity of chickpea. Yield stability of chickpea 
genotypes is of special importance under rain-fed 
conditions in Ethiopia, where environmental conditions 
vary considerably. The demand for a variety with high 
productivity over a range of production environments is 
very high among growers. Breeding programs often 
conduct a range of multi-location and multi-year trials in 
order to identify the superior cultivar for target set of 
production environments (Yan et al., 2000). The major 
problem of chickpea improvement program in Ethiopia 
has been lack of genotypes that consistently perform well 
across different chickpea growing environments as the 
environments vary greatly within short distances.  

Targeting of cultivars that win in a range of 
production space is difficult when genotype x environment 
(GE) interaction is present. In presence of GE interaction, 
yield is less predictable and unlikely interpreted based on 
genotype (G) and environment (E) means alone (Ebdon 
and Gauch, 2002). The measured yield of each cultivar in 
each test environment is a mixture of environment main 
effect (E), genotype main effect (G) and GE interaction 
(Yan, 2002). Conducting mega environment trial for 
identifying the performance of genotypes or lines and 
clustering the testing Environments is very indispensable. 
Therefore, chickpea multi-environmental trial was carried 
out to evaluate the performance of Kabuli chick pea 
genotypes for seed yield, yield stability and yield related 
traits under moisture deficit conditions of Wollo and to 
promote the promising ones for possible release.     
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MATERIALS AND METHODS 
Twelve Kabuli type chick pea genotypes which 

were advanced from preliminary variety trial together with 
one standard check (Yelbe) and one local check (Shasho) 
were evaluated in a regional variety trial at Kobo, Sirinka, 
Jari and Chefa (Table-1) for two years (2006-2007). 
Randomized complete block design with three replications 
was used on a plot size of 9.6m2. Each plot consisted of 6 
rows of which only the central 4 rows were harvested. 
Rows were 40 cm apart and 10 cm between plants within 
the rows. Hand weeding was done two times at seedling 

growth and before flowering. No fertilizer was applied. 
Data on number of pods / plant, number of seeds / pod and 
plant height (cm) were recorded on ten randomly selected 
plants from each plot whereas data on days to 50% 
flowering, days to 90% maturity, biomass (g/plot) seed 
yield (g/plot) and hundred seed weight (gm) were 
collected on plot basis. Biomass weight in g/plot and seed 
yield in g/plot was finally converted to ton/ha bases.  
Genstat ver. 13.3 (2011) was used for variance and GGE 
biplot analysis. 

 
Table-1. Rain fall, soil type, altitude, latitude and longitude of the testing sites. 

 

Locations 
Altitude  
(m.a.s.l.) 

Temp./min and 
max 

Rain fall 
average (mm) 

Soil type 
Global position 

Latitude Longitude 

Sirinka 1850 13.6-27.3oc 876 Eutric vertisol 11o 08’ 39o28’ 

Kobo 1470 15.8-29.1oc 637 Eutric fluvisol 12o8’21’’ 39o18’21’’ 

Jari 1680 NA NA Vertisol 11o21’ 39o38’ 

Chefa 1400 11.6-30.4 oc 850 Vertisol 10o57’ 39o47’ 
 

Source: Sirinka Agricultural Research Centers for altitude, rain fall and soil type; Wikipedia for global position. NA= non-
available 
 
RESULTS AND DISCUSSIONS 

Statistically significant differences were observed 
among the tested genotypes in their performance for all 
measured parameters (Table-2).  Number of days to 
maturity ranged from 94 to 103.  Most of the genotypes 
matured within 100 days while the local check (Shasho) 
and genotype ICCV-03402 took the maximum and 
minimum days to mature, respectively. Because of its 
lateness, Shasho is not found to be suitable for areas which 
have short rainy season like eastern Amhara. Genotype 
FLIP-95-31C showed better performance in terms of   
number of pods / plant (79), plant height (50.32cm) seed 
yield and seed weight (greater than 34gm / hundred seeds) 

which fulfills the export market standard (Mitiku, 2011). 
Wide seed yield variation was observed among the 
genotypes which ranged from 1.38 to 2.34 t-ha. Genotype 
ICCV-03402 gave the highest seed yield (2.34 t-ha and 
weighed (36.8gm / hundred seeds). The maximum seed 
weight (44.6gm/ hundred seeds) was recorded by genotype 
ICCV-03310 but its seed yield was very low, 1.52t-ha 
(Table-2). Genotype ICCV-01308, on the other hand, 
recorded hundred seed weight (43.3gm) and gave better 
seed yield of 2t-ha. Yelbe, the standard check, gave seed 
yield of 2 t-ha, indicating its potential to increase chick pea 
production and productivity in the area.  
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Table-2. Performance of chick pea genotypes for grain yield and yield related traits across eight environments. 
 

Genotypes 
Gen-
cod 

DF DM NPP NSP PH BM AYTHA HSW 

ICCV-00305 1 47.71b 100.42b 59.9bc 1.43ab 46.2b 4.57bcd 2.01bc 32.85j 

ICCV-03310 2 43.79g 95.83ef 41.67d 1.31abcd 44.34bc 3.48e 1.52f 44.6a 

ICCV-01308 3 45.19def 98.51bcd 48.36cd 1.32abcd 44.25bc 4.58bcd 1.96bcd 43.26b 

ICCV-97314 4 44.33fg 97.67cde 52.74bcd 1.44a 46b 3.69e 1.38f 43.05b 

ICCV-03410 5 44.42fg 97.46de 53.32bcd 1.27abcd 41.34d 3.86e 1.91cde 37.97de 

ICCV-00401 6 46.79bc 99.21bcd 55.51bc 1.19d 44.3bc 4.93ab 2.14b 37.6def 

ICCV-03402 7 44.67defg 94.88f 51.18bcd 1.36abcd 42.57cd 4.61bcd 2.34a 36.8efg 

ICCV-03401 8 44.46efg 95.38f 55.53bc 1.43ab 43.72bcd 4.14cde 2.12b 35.62gh 

FLIP 97-51C 9 44.42efg 96.58ef 53.62bcd 1.28abcd 43.76bcd 4.82abc 2.03bc 38.32d 

X96TH-49-2/2000 10 45.79cde 98.88bcd 48.78cd 1.43abc 45.57b 4.73bcd 1.80de 41.29c 

FLIP-93-195C 11 46.58bc 99.42bc 59.56bc 1.28abcd 46.48b 4.15cde 1.78e 35.41h 

FLIP-95-31C 12 45.88cd 99.79b 79a 1.32abcd 50.32a 4.83abc 2.05bc 36.51fgh 

Yelbe 13 45.53cdef 96.05ef 62.92b 1.42abc 43.72bcd 4.07de 2.12b 34.04i 

Shasho 14 53.33a 103.92a 59.17bc 1.24bd 45.33b 5.45a 1.98bc 30.67k 

Grand mean  45.92 98.14 55.8 1.34 44.85 4.42 1.94 37.71 

CV%  4.6 3 33.3 20.3 9.2 25 14.7 5.5 
 

DF=days to flowering, DM=days to maturity, NPP=number pod/plant, NSP=number of seed/pod, PH=plant height in (cm), 
BM=biomass weight in ton, AYTHA=average yield in ton/ha, HSW=hundred seed weight in gm 
 

The combined analysis of variance showed 
significant difference both on the main and interaction 
effects for parameters such as seed yield, days to 
flowering, days to maturity, number of pods/ plant, plant 
height and hundred seed weight (Table-3). Seed yield and 
yield related traits of chick pea were also affected 
(P≥0.01) by location, year, genotype and their interaction 
which indicates the presence of cross over type of 

interaction among the tested genotypes. Cross over type of 
interaction leads to  conduct  mega environment  analysis 
to classify the target environment in to one of the three 
possible types of mega environments (single, different   
and single but unpredictable) so that specific  
recommendation for each mega environment can be made 
to utilize genotype - by -environment interaction (GEI). 

 
Table-3. Combined analysis of variance for seed yield and yield related traits of 14 chickpea genotypes over 

eight environments. 
 

Source of 
variation 

d.f. 
Mean squares 

AYTHA BM DF DM NPP NSP PH HSW 

Location(Loc) 3 26.92** 307.11** 2382.10** 30246.27** 18650.1** 2.17** 3179.19** 187.44** 

Year (Yr) 1 42.32** 14.86 418.32* 221.07* 2660.9 3.57** 699.93* 509.16** 

Loc xYr 3 3.05** 38.27** 3437.38** 9624.24** 39565.5** 5.96** 1512.51** 75.27** 

Genotype (Gen) 13 1.51** 7.08** 139.07** 140.00** 1804.6** 0.16* 108.38** 403.77** 

Loc x Gen 39 0.53** 1.73 27.20** 19.53** 695.2** 0.08 33.08** 12.05** 

Yr x Gen 13 0.28** 2.06 10.04* 26.00** 1517.6** 0.09 38.28** 12.00** 

Loc x Gen xYr 39 0.29** 1.32 13.48** 16.32** 740.5** 0.09 26.66* 6.52* 

Residual 208 0.09 1.22 4.52 8.83 345.1 0.07 16.96 4.23 
 

*, ** Significant at 5% and 1%, probability level, respectively, d.f.= degree of freedom 
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Mega-environment is defined as a group of 
locations that consistently share the best set of genotypes 
or cultivars across years (Yan and Rajcan, 2002). Data 
from multiple years are essential to decide whether or not 
the target region can be divided into different mega-
environments (Kang, 2002). In the present study which-
won-where view of the GGE biplot showed as the eight 
environments fell into two sectors with different winning 
genotypes (Figure-1). Sirinka (Sirinka 2006 and 2007), 
Jari (Jari 2006 and 2007) and Chefa (Chefa 2006 and 
2007) were grouped in one mega environment with 
genotype 7 (ICCV-03402) as the winning genotype 
whereas Kobo (Kobo 2006 and 2007) was the different 
mega environment with genotype 3(ICCV-01308) as the 
winning one. 

The abscissa “average environment axis (AEA)” 
arrow (Figure-2) points to higher mean performance for 
the genotypes Yan (2011), and consequently help to rank 
the genotypes according to their mean performance. Thus, 
the current chickpea genotypes were ranked according to 
their mean performance as follows: ICCV-03402> FLIP-

95-31C> ICCV-03401> ICCV-00401> ICCV- 01308> 
Yelbe> FLIP97-51C> ICCV-00305> Shasho> ICCV-
03410> FLIP-93-195C> X96TH-49-2/2000> ICCV-
03310> ICCV-97314. This genotypic performance ranking 
based on AEA is nearly coincided with the mean 
performance of the genotypes in Table-1. According to 
Yan (2011), the AEA ordinate line that passes through the 
biplot origin and perpendicular to the AEA abscissa helps 
to estimate the genotypes contribution to the exhibited G × 
E interaction variance. Based on this principle, genotypes 
ICCV-03401 and Yelbe above average mean and X96TH-
49-2/2000 below the average mean were located either 
almost on or very close to the AEA abscissa (Figure-2), 
were found the most stable genotypes. This showed that 
the rank of these genotypes were highly consistent across 
environments within their respective mega-environment. 
In contrast, ICCV-03402 and ICCV-01308 with above 
average mean and Shasho, FLIP-93-195C, ICCV-03310, 
ICCV-97314 below average mean, with their longest 
projection onto the AEA abscissa, were the least stable 
genotypes.  

 

 
 

Figure-1. The which-won-where view of the GGE biplot. 
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Figure-2. Mean vs Stability “view of the GGE biplot. 
 

The length of vectors of an environment from the 
biplot origin, which is proportional to the genotypic mean 
standard deviation within the respective environment, is 
used to measure the discriminating power of the test 
environments (Yan, 2011). Those environments, which 
have longest projection from the biplot origin, for example 
E3, E6 and E7 were found more discriminating of the 
genotypes. On the other hand, E1 and E8, with their 
shortest vector from the biplot origin, were found less 
discriminating of the test genotypes (Figure-3). In such 
environment, all genotypes tend to perform uniformly and 
one can draw little or no information about the genotypic 
performance difference. Moreover, according to Yan and 
Tinker (2006), a test environment that has a smaller angle 

with the AEA is more representative of other test 
environments. Consequently, E6 and E7 are more 
representative of the other test environments whereas, E2 
and E3 with their wider angle from the AEA is the least 
representative of the other test environments. As described 
by Yan (2011), an “ideal” test environment is an 
environment that had the ability to discriminate the 
genotypes and must be representative of the target 
environment. Hence, E6 and E7 were identified as an ideal 
environment that has both discriminating ability of the 
genotypes and representative of the other test 
environments. Therefore, this environment can be used to 
effectively select superior chickpea genotypes that can 
perform consistently best across environments. 
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Figure-3. Interrelation among test locations in terms of discriminative 
and Representatives view of the GGE biplot. 

 
CONCLUSIONS AND RECOMMENDATION 

A Kabuli chickpea melti-environmental trial on 
14 genotypes was conducted to evaluate their performance 
across locations and over years and to select promising 
ones for possible release. The combined analysis of 
variance revealed significant difference both on main and 
interaction effects for most of the measured parameters. 
Based on variance and GGE biplot analysis on multi 
environment data, three promising varieties namely ICCV-
01308, FLIP-95-31C and ICCV-03402 with average seed 
yield of 1.96 t-ha, 2.05 t-ha and 2.34 t-ha respectively were 
selected and promoted for verification. These varieties 
were evaluated by the national variety release technical 
committee together with farmers and researchers.  Among 
the verified varieties, ICCV-01308 and FLIP-95-31C have 
been officially released for production with the vernacular 
name Kobo and Kassech, respectively for Kobo and 
similar chick pea growing areas while variety ICCV-
03402 has been officially released with the vernacular 
name Akuri for Sirinka, Jari, Chefa and similar chick pea 
growing areas in Ethiopia. Moreover, Chefa and Jari were 
identified as an ideal environment that has both 
discriminating ability of the genotypes and representative 
of the other test environments. Therefore, this environment 
can be used to effectively select superior chickpea 
genotypes that can perform consistently best across 
environments 
  
ACKNOWLEDGEMENTS 

The authors highly acknowledged Sirinka 
Agricultural Research Center (SARC) and Amhara 
Regional Agricultural Research Institute (ARARI) for 
financing the experiment. We would like also to extend 

our thanks to pulse, oil and fiber research case team 
members of SARC for their great effort for the successful 
accomplishment of the experiment. 
 
REFERENCES 
 
CSA (Central Statistical Agency), 2013. Report on area 
and production of crops. Statistical Bulletin, Addis Ababa, 
Ethiopia. 
 
Ebdon, J.S. and H.G. Gauch, 2002. Additive main effect 
and multiplicative interaction analysis of national turfgrass 
performance trials: I. Interpretation of genotype x 
environment interaction. Crop Science. 42: 489-496. 
 
Fikru Mekonnen. 2007. Production Manual and Decade 
Research output of Pulse Research activity, Unpublished 
docment. Sirinka Agricultural Research Center. 
 
Geletu Bejiga and Million Eshete. 1996. Chickpea in 
Ethiopia. In: Adaptation of Chickpea in the West Asia and 
North Africa Region, pp. 137-153, (Saxena, N.P., Saxena, 
M.C., Johansen, C., Virmani, S.M. and Harris H., (Eds), 
ICRISAT/ACARDA. 
 
Kang M.S. 2002. Genotype-Environment interaction. In: 
Quantitative genetics, genomics and plant breeding (ed). 
Walingford, UK, CAB. pp. 221- 243. 
 
Legesse Dadi, Senait Regassa, Asnake Fikre, Demissie 
Mitiku, Gaur, P.M., Gowda C.L.L. and Bantilan M.S.C. 
2005. Adoption studies on improved chickpea varieties in 

2

3

4 
5

6

7

8

9
10

11

12

13

1

14

E4

E7

E6

E5

E3

E2

E1

E8

E4 

E3 E2 

E1 E5 

E6 

E8 

E7 

0

45 

90

135

180

225 

270 

315 

360 

P
C

2 
- 

1
8

.4
6

%
 

PC1 - 49.27%

Environment scores
Genotype scores

Vectors

Scatter plot (Total - 67.73%)



                               VOL. 11, NO. 2, FEBRUARY 2016                                                                                                             ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                          75 

Ethiopia. EARO (Addis Abeba, Ethiopia) and ICRISAT 
(Patancheru, India). 
 
GenStat Release 13.3 (PC/Windows 7) 03 February 2011 
09: 49: 37, Copyright 2010, VSN International Ltd. 
 
Menale Kassie, Bekele Shiferaw, Solomon Asfaw, 
Tsedeke Abate, Geoffrey Muricho, Setotaw erede, Million 
Eshete, and Kebebew Assefa. 2009. Current Situation and 
Future Outlooks of the Chickpea Sub-sector in Ethiopia. 
ICRISAT (Nairobi) and EIAR (Debre Zeit). 
 
Mitiku, 2011. Marketing of kabuli and desi chickpeas by 
smallholder farmers in eastern shewa zone. An MSc 
Thesis Presented to the School of Graduate Studies of 
Haramaya University. p. 9. 
 
Singh, K.B. 1987. Chickpea breeding. In: The Chickpea, 
pp. 127-162, (Saxena, M.C. and Singh, K.B., eds). CAB 
International, Wallingford, UK. 
 
Yan W. 2002. Singular-value Partitioning in Biplot 
Analysis of Multi-environment Trial data. Agronomy 
Journal. 94: 990-996. 
 
Yan W. 2011. GGE Biplot vs. AMMI Graphs for 
Genotype-by-Environment Data Analysis. Journal of 
Indian Society Agricultural Statistics. 65(2): 181-193.  
 
Yan W, L.A. Hunt, Q. Sheng, Z. Sulavnics. 2000. Cultivar 
evaluation and mega-environment investigation based on 
the GGEbiplot. Crop Science. 40, 597-605. 
 
Yan W., N.A. Tinker. 2006. Biplot analysis of multi-
environment trial data: Principles and applications. 
Canadian Journal of Plant Science. 86, 623-645.  


