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Abstract
Kabuli type chickpea is the most important commercial crop in Ethiopia and worldwide. A set of experiment 

was conducted to estimate the progress made in improving grain yield potential of Kabuli type chickpea varieties 
and changes in agromorphological traits associated with genetic yield potential. The varieties were laid down in a 
Randomized Complete Block Design with three replications. The annual rate of increase in yield potential of Kabuli 
type chickpea was estimated from linear regression of mean grain yields of varieties on year of release was 8.42 kg 
ha-1yr-1 but this increment was not significantly different from zero. This revealed that chickpea breeders have made 
little/small efforts over the last 35 years to improve the yield of Kabuli type chickpea in Ethiopia. From the linear 
regression of hundred seed weight (HSW) against the years of release indicated that the annual rate of genetic gain 
was 1.00 g HSW-1 (8.96%) yr-1, reflected that a significant increase was recorded for this trait for the last 35 years 
of Kabuli type chickpea improvement program in Ethiopia. Hence, better genetic improvement was obtained from 
breeding for HM�

ⴱ 慮搠獥敤猠灬慮琀ⴱ. The correlation coefficients showed that grain 
yield was significantly and positively correlated with primary branches plant-1, biomass yield and with all productivity 
traits. However, HSW which is the economical trait in Kabuli type chickpea showed significant negative association 
with secondary branches plant-1, pods plant-1, seeds pod-1 and seeds plant-1. Stepwise regression analysis revealed 
that most of the variation in grain yield was caused by biomass yield and harvest index. 
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Introduction
Chickpea (Cicer arietinum L.) is one of the principal food legumes 

in Ethiopia and it covers about 213,187 hectares of land and 2,846,398 
quintals of chickpea is produced per annum with average productivity 
of 1.34 tons per hectare [1]. It, therefore, ranks third in production next 
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of genetic variability contributing to the genetic gain of faba bean over 
the last 30 years period.

�e annual rate of increase in yield potential was estimated from linear 
regression of mean grain yields of varieties on year of release was 8.42 kg 
ha-1yr-1 (Figure 1A). �is clearly indicates that chickpea breeders have made 
e�orts over the last 35 years to improve the yield of Kabuli type chickpea 
in Ethiopia, but this increase was not signi�cantly di�erent from zero 
(Table 7), rather they get substantial improvement in hundred seed weight. 
Likewise, Ersullo [24] noticed that an average rate of increase in grain yield 
potential per year of release since pre-1984 was non- signi�cant (4.329 kg 
ha-1yr-1) when tested under the four locations for linseed. Similarly, Koemel 
[30] indicated the more recent entries failed to improve grain yield of hard 
winter wheat over that of the long-term check cultivars. 

S No Variety/Acc. No Year of releaseBreeder/maintainer

€Source

Seed color

1.
DZ-10-41974DZARC/EIAREthiopia

White2.Arerti(FLIP 89-84C)1999DZARC/EIARICARDAWhite3.

Shasho(ICCV- 0 12)
1999DZARC/EIARICRISAT

White4.

Chefe(ICCV- 2318)
2004DZARC/EIARICRISAT

White5.

Habru(FLIP 88-42C)2004DZARC/EIARICARDA/ICRISAT

White6.Ejeri

(FLIP-97-263c)2005DZARC/EIARICARDAWhite7.Teji

(FLIP-97-266c)2005DZARC/EIARICARDAWhite8.

Yelibey(ICCV-14808)
2006SRARC/ARARIICRISAT

Yellowish9.

ACOS DUIBIE (Monino)

2009ACOS  and DZARC/EIARMexicoWhite cream

Source: [2,7,28]; €=Abbreviations: DZARC=Debre Zeit Agricultural Research Center; EIAR=Ethiopian Agricultural Research Institute; SRARC=Sirinka Regional Agricultural 

Research Center; ARARI=Amhara Regional Agricultural Research Institute.

Table 1: Description of Kabuli type chickpea varieties used in the experiment.

Trait€ Location  (1)¥Varieties  (8)Location ×  Varieties (8)Error  (32)

Mean

CV (%)

R2DF

64.46

**228.27

**62.05

** 1.85

46.35

2.94

0.98

DM9600.00**127.32

**

24.00** 4.05112.701.79 0.99NPBPP 0.13ns0 00
**0 13

** 0.04

2.00 0 2

0.82

NSBPP261.36**13.24**3.01

** 0.88 5.38 17.46 0.93

PH

993-82

**19.32 ns11.18ns 7.18

36.07

7243

0.85

NPoPP��2038273(0.28**)

1070.27(0.23**

)166006(0.01ns)

72036(0.01)

33.87(1.48)25012(6.
0)

0.84(0.88)

NSPPo

0.01ns0 18**0 0038ns0 006

1.166243

0.90NSPP��3700.17(0.33**)

28510 2(0.32**)363036(0.01ns)

920 2 (0.01)


0.52(1.54)23.79(5.73)  

0.91(0.92)GYPP��313.16(0.46**)23.90(0.03**

)

13.61(0
.01ns)7

.55 (0
.01)

10.96(1
.02)2

5007(9
.34)

0.72(0
.74)

GYPha

12764 0 2ns1297018.58**169690.26ns161195.78

2018.2519.89

0.70HSW
24.81**1080.43**20 2ns1.83

33.51

4.03

0.99

BYPha��1164420.64(0
.01ns

) 3674654.17(0.05**)

336003.28(0.01ns)393922.96(0.01) 3510.56(3.53)17.88(2024)0.73(0.72)

GFP11237.80**25014**40 00**8 0066035 4.26

0.98HI0.008**0 004**0 005**0 0010.575 18

0.75BPR��1435.72(0.24**)273-60(0.05**)

52.12(0.01ns)

35.54(0.01) 31.73(1.48) 8 79(5.41)0.79(0.78)

SGR��3227.43(0.54**)392019(0.07**)

103.39(0.02ns)50.67(0.01)32032(1.48)22003(6038)0.82(0.82)

GYPD��373.51(0.16**)99.62(0.06**)

22.92(0.01ns)

14.67(0.01) 18.20(1.24)21.04(7.49)0.75(0.74)

Table 2:  Mean squares from combined analysis of variance for seed yield and other traits in Kabuli 

type chickpea varieties evaluated over two test locations (Debre Zeit and Akaki). newest released variety. In contrast, [18] on wheat, [19] on tef, [20] on 

haricot bean and [22] on barley reported respective increases in grain 
yield potentials of varieties over the period studied.Generally, the varieties developed through introduction yielded an average grain yield of32079.61 kg ha-1 and exceeded the variety which was developed through local collection by 552.21 kg ha-1 (36.15%) (Table 6). �is clearly indicated that varieties developed from introduced material 

contributed the genetic improvement obtained in grain yield of3Kabuli 
type chickpea over the last 35 years. In line with this study, Kebere 
[20] also indicated that introduced materials contributed a lot for the 
improvement of3the genetic yield potential of3haricot bean varieties in 
Ethiopia (Table 6). On the contrar y, Tamene [21] showed that the local 
collections and hybridization materials were the most important sources 
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there was no location × variety interaction for hundred seed weight 
of Kabuli type chickpea, but highly signi�cant (p ≤ 0.01) di�erences 
were observed for locations and varieties (Table 8). Mean hundred seed 
weight ranged from 11.20 g (DZ-10-4) to 62.30 g (Monino) with across 
location average of 33.52 g (Table 9). �e most recently released variety, 
Monino, showed signi�cantly higher hundred seed weight (seed size) 
than all the varieties represented in the current study. It exceeded 
the �rst older variety (DZ-10-4) by 51.10 g (456.25%) in hundred 
seed weight. �e average hundred seed weight of varieties released in 
1974, 1999, 2004, 2005, 2006 and 2009 were 11.20, 27.65, 32.80, 37.60, 
32.10 and 62.30 g, respectively. �is showed that an increase of 16.45 
(146.88%), 21.60 (192.86%), 26.40 (235.71%), 20.90 (186.62%) and 
51.10 g (456.25%) in hundred seed weight respectively, over the older 
variety (Table 4). �erefore, hundred seed weight increase was almost 
consistent and parallel over the year of release of improved Kabuli type 
chickpea varieties.
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Variety Year of release Mean grain yield  (kg ha-1)
Increment over DZ-10-4

Mean HSW (g)
Increment over DZ-10-4

kg % g/HSW %
DZ-10-4 1974 1527.40 --- --- 11.20 --- ---

Arerti 1999
1999 2398.75 871.35 57.05 27.65 16.45 146.88

Shasho
Chefe 2004

2004 2468.75 941.35 61.63 32.80 21.60 192.86
Habru 
Ejeri 2005

2005 1775.35 247.95 16.23 37.60 26.40 235.71
Teji

Yelibey 2006 1899.80 372.40 24.38 32.10 20.90 186.61
Monino 2009 1451.40 -76.00 -5.00 62.30 51.10 456.25

Table 4: Trends in genetic progress in grain yield and hundred seed weight (HSW) for Kabuli type chickpea varieties released in 1999, 2004, 2005, 2006 and 2009 over 
the older variety (DZ-10-4) released in 1974.

Varieties Year of   
release

Mean grain  yield 
(kg ha-1)

Increment over the older 
variety (DZ-10-4) Mean HSW 

(g)

Increment over the 
older variety (DZ-10-4) Mean biomass yield 

(kg ha-1)

Increment over the 
older variety (DZ-10-4)

kg ha-1      % g/HSW % kg ha-1 %

DZ-10-4 1974 1527.40 - - 11.2 - - 2648.70 - -
Arerti

1990s 2398.75 871.35 57.05 27.65 16.45 146.88 4252.25 1603.55 60.54Shasho

Chefe

2000s 1973.23 445.83 29.19
39.20

28.00 250.00 3406.98 758.28 28.63

Habru 
Ejeri
Teji

Yelibey
Monino

Table 5: Trends in genetic progress in grain yield, hundred seed weight (HSW) and biomass yield for Kabuli type chickpea varieties released in 1990s and 2000s over the 
older variety (DZ-10-4) released in 1974.

Variety Grain yield (kg 
ha-1)

Grain yield increment 
over local collection Biomass yield 

(kg ha-1)

Biomass yield increment 
over local collection Mean HSW (g)

HSW increment over 
local collection

kg ha-1 % kg ha-1 % g/HSW %
Local collection 

derived 1527.40 - -   2648.70 - - 11.20 - -

Introduction 
derived  2079.61   552.21   36.15     3618.30     969.60      36.61 36.31   25.11   224.20

Table 6: Average increments in grain, biomass yield and hundred seed weight (HSW) for Kabuli type chickpea varieties derived from introduction over variety derived from 
local collection.

Traits Mean   R2    b Intercept
Date of flowering 46.35 0.03 -0.10 49.04
Date of maturity 112.70 0.01 -0.04 113.89

Number of primary branches per plant 2.40 0.09 0.01 2.18
Number of secondary branches per plant 5.38 0.26 -0.07 7.32

Plant height 36.07 0.02 -0.02 36.70
Number of pods per plant 33.87 0.65 -1.03** 61.14
Number of seeds per pod 1.16 0.84 -0.02** 1.57
Number of seeds per plant 40.52 0.90 -1.98** 93.14

Grain yield per plant 10.96 0.00 0.00 10.96
Grain yield per hectare 2018.25 0.04 8.42 1794.57
Hundred seed weight 33.51 0.61 1.00* 6.86

Biomass yield per hectare 3510.56 0.04 14.88 3115.40
Grain filling period 66.35 0.08 0.06 64.85

Harvest index 0.57 -0.0002 0.00 0.58
Biomass production rate 31.73 0.05 0.15 27.81

Seed growth rate 32.32 0.01 0.08 30.06
Grain yield per day 18.20 0.04 0.08 16.14

*, **=Significant at P ≤ 0.05 and P ≤ 0.01, respectively.
Table 7: Estimates of mean values, coefficient of determination (R2), reg≤ 0�coefficient (4倌,㑐Ȁ
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Linear regression coe�cient revealed that biomass yield did not 
change signi�cantly during the past three decades of Kabuli type 
chickpea breeding programs (14.88 kg ha-1yr-1) (Table 7) with a small 
relative genetic gain of 0.56% yr-1. �e present result was in agreement 
with the �ndings of Amsal [18] on bread and durum wheat, Hailu [15] 
on soybean and Wondimu [22] on food barley who observed that non-
signi�cant improvement in biomass yield. Ortiz [32] also found non-
signi�cant trend observed in biomass yield of spring barely. Ersullo [24] 
reported non-signi�cant biomass yield in linseed varieties released since 
1984. Conversely, Yifru, Kebere and Tamene [19-21] and Demissew 
[23] reported that biomass yield was linearly related to variety age and 
positively and signi�cantly associated to grain yield.

As per combined analysis of variance, harvest index showed highly 
signi�cant (p ≤ 0.01) di�erences between locations and among varieties. 
�ere was also highly signi�cant location × variety interaction for this 
trait (Table 2). �e mean harvest index of Kabuli type chickpea varieties 
represented in this study was 0.56 at Debre Zeit and 0.59 at Akaki and 

0.57 averages over the two locations (Table 9). �is is in agreement with 
the harvest index reported for haricot bean Kebere [20]. Similarly, higher 
harvest index value of 0.59 for chickpea was reported by Saxena [33].

Linear regression coe�cient for harvest index showed a non-
signi�cant annual decrease trend (-0.0002) (Table 7), which was almost 
zero during the 35 years of Kabuli type chickpea improvement with a 
relative annual genetic reduction of -0.03% (Table 8). Likewise, Yifru 
[19] and Kebere [20] found that no change in harvest index of tef 
and haricot bean respectively. Demissew [23] also noticed that non-
signi�cant annual reduction in harvest index of soybean. In contrast 
to this, Hailu [15] and Jin [16] revealed that harvest index increased 
signi�cantly with year of release of soybean varieties. �e varieties in 
the present study showed a small decrease in harvest index may be the 
higher non-signi�cant increment of biomass yield than grain yield.

�ere was a non-signi�cant di�erence among varieties while the 
e�ect of location was highly signi�cant for plant height (Table 2). 

Traits Mean of the older variety RGG (% per year)
Correlation coefficients (R)

RDZ-10-4f2967.4c10.2f233091d10 0f2648.7eArerti26.7e5225.0a24.6e4673d0a25.7e4948.8aShasho3099d329999c28.2d3810 5b29.6d3555.7bcChefe32.7cd4513.8ab33d0c3795.3b33d6c4154d0ab�G�L�I
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However, the annual genetic gain of plant height over the past 35 years 
of breeding was -0.02 cm and was not signi�cantly di�erent from zero 
(Table 7) with relative genetic gain of -0.07% yr-1 (Table 8). Similarly, a 
non-signi�cant reduction in plant height was reported by Kebere [20] 
on haricot bean.

Yield components of kabuli type chickpea

Except number of primary branches plant-1 and number of seeds 
pod-1, mean squares of locations from combined analysis of variance 
were highly signi�cant (p ≤ 0.01) for number of secondary branches 
plant-1, number of pods plant-1, number of seeds plant-1 and grain yield 
plant-1. Combined analysis of variance across the two locations indicated 
non-signi�cant location × variety interaction for all yield components 
except number of primary branches plant-1 and number of secondary 
branches plant-1 which showed highly signi�cant interaction e�ects. 
Furthermore, all the above mentioned yield components showed highly 
signi�cant di�erence among varieties (Table 2).

Mean number of primary branches plant-1 and secondary branches 
plant-1 from combined analysis was found to be 2.40 and 5.38 respectively 
(Table 10). In both locations (Debre Zeit and Akaki) the highest yielding 
variety Arerti, had the highest number of primary branches plant-1 and 
secondary branches plant-1. Estimated annual gains of both number of 
primary branches plant-1 and secondary branches plant-1 of Kabuli type 
chickpea varieties over the last 35 years was 0.01 and -0.07 branches 
plant-1 yr-1, which were not signi�cantly di�erent from zero (Table 7); 
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breeding, respectively. In contrast, Demissew [23] noticed that both 
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