
Genetic Variation, Heritability, and Advances 
from Selection in Elite Breeding Materials of Field 
Pea (Pisum sativum L.) Genotypes
Tamene T Tolessa*
Ethiopian Institute of Agril Research, Kulumsa Agricultural Research Center, Ethiopia

Submission: June 23, 2017; Published: July 21, 2017
*Corresponding author: Tamene T Tolessa, Ethiopian Institute of Agricultural Research, Kulumsa Agricultural Research Center, P.O.Box, 489, Asella, 
Ethiopia, Email: 

Agri Res & Tech: Open Access J 8(4): ARTOAJ.MS.ID.555744 (2017) 0098

Research Article 
Volume 8 Issue 4 - July 2017
DOI: 10.19080/ARTOAJ.2017.08.555744

Agri Res & Tech: Open Access J
Copyright © All rights are reserved by Tamene T Tolessa

Introduction
Field pea (Pisum sativum L.) is known to grow in Ethiopia 

since ancient times [1]. It is the third most important pulse crop 
in the country, preceded only by faba bean and haricot bean in 
terms of both area coverage and total annual production [2]. 
Ethiopia is considered as one of the centers of diversity [3] 
for field pea. Though wild and primitive forms are also known 
to exist in the high elevations of the country [4], the species P. 
sativum is known to dominate the production system [5]. Despite 
the fact that the progenitors of P. sativum so far are unknown, 
Ethiopia, Western and Central Asia and the Mediterranean 
region are proposed as possible centers of origin because of the 
high pea genetic diversity sampled in these regions [6,7]. 

Field pea plays a significant role in the socio-economic lives 
of the farming communities of Ethiopia. It serves as a source of  
food and feed with a valuable and cheap source of protein [8],  

 
and as a good source of cash to farmers and foreign currency to 
the country [7,9]. As suitable rotation crop that fixes atmospheric 
nitrogen, it also contributes a substantial role in soil fertility 
restoration [10]. Despite its huge importance in the economy 
and livelihood of the farming community, like all other cool 
season food legumes, the productivity of field pea in Ethiopia is 
very low (1.6 t ha-1) [2] compared to many other countries of the 
world [11]. This was far below the potential of the crop, which 
among many other factors can be attributed to the inherent low 
yielding potential of the indigenous cultivars [12]. Moreover, 
foliar diseases such as ascochyta blight (Mycosphaerella pinodes) 
and powdery mildew (Erysiphe polygoni) [13], and poor soil 
fertility, unimproved cultural practices such as poor seedbed 
preparation, and inapt fertilizer use.

Genetic variability has been considered as an important factor, 
which is also an essential prerequisite for crop improvement 
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program for obtaining high yielding progenies [14]. Evaluation 
of genetic variability is important to know the source of genes 
for a particular trait within the available germplasm [15]. In 
evaluating accessions from various geographical regions of 
Ethiopia, the existence of high genetic diversity among Ethiopian 
field pea landraces was reported [16]. An adequate level of 
genetic diversity among field pea botanical species of (Pisum 
sativum var. Abyssinicum) germplasms for biological nitrogen 
fixation has been reported in [17], with different component 
characters contributing differently towards the total diversity. 
Similar to many other crops, P. sativum populations has been 
studied using biochemical and DNA markers [18,19]. 

Molecular markers have also been utilized to assess the 
genetic variability among Ethiopian field pea accessions against 
pea weevil infestation [20,21]. In morphological diversity 
studies, traits like days to emergence, days to 50% flowering, 
plant height, number of pods plant-1, green pod length, grain 
filling period, number of podding nodes plant-1, number of pods 
podding nodes-1, number of seeds pod-1, 1000-seed weight, and 
grain yield ha-1 have been studied [16,22-24]. 

Highest genetic variation for field pea traits such as biological 
and grain yields, number of seeds per pod-1 and harvest index, 
number of primary branches, and seed size; intermediate genetic 
variation for number of pods plant-1 and plant height, while the 
lowest genetic variation for phenological traits were reported 

in [25,26]. However, crop genetic diversity is being lost because 
of natural calamities such as recurrent drought and increasing 
population pressure. On the other hand, there is an increasing 
demand of producers for improved field pea varieties that are 
adapted to wide agroecology and this must be met by plant 
breeding efforts. For the optimum choice of the breeding scheme 
as well as for multi-trait selection gain, knowledge on the genetic 
variation, heritability, and correlations among traits is crucial 
[27,28]. Herewith, therefore, 25 field pea advanced breeding 
materials developed through hybridization including two 
standard checks were evaluated to study the genetic variability 
and heritability of important morpho-agronomic traits and 
examine their correlation with grain yield for efficient design of 
field pea breeding schemes. 

Material and Methods
Experimental sites and materials

Field experiments were carried out during the main cropping 
season (June to November) of the year 2014 at Kulumsa, Bekoji, 
Asassa, and Koffale, which are situated in south-eastern highlands 
of Ethiopia. Weather related descriptions of the four study 
locations are shown in Table 1. Twenty-five field pea advanced 
breeding materials developed through hybridization including 
two released varieties as standard checks were considered for 
the study (Table 2).

Table 1: Description of the test environments.

Locations Locations Locations Locations Locations

Latitude Kulumsa (08⁰01′00′′N) Bekoji (07⁰31′22′′N) Asassa (07⁰06′12′′N) Koffale (07⁰04′27′′N)

Longitude 39⁰09′32′′E 39⁰14′46′′E 39⁰11′32′′E 38⁰46′45′′E

Altitude (m.a.s.l.) 2200 2780 2300 2660

Mean annual rainfall (mm) 820 1010 620 1211

Minimum temperature (0C) 10.5 7.9 5.8 7.1

Maximum temperature (0C) 22.8 16.6 23.6 18

Agro-ecologies TSmMH CHMH THMH CHMH

THMH: Tepid Humid Mid Highland; Tsmmh: Tepid Sub-Moist Mid Highland; CHMH: Cool Humid Mid Highland
Table 2: List of field pea genotypes used in the study.

Genotype Name Pedigree Genotype Name Pedigree

1 Bilallo* Hassabe x 061K-14/7/1 14 EK 08017-1 DMR 19 X TEGEGNECH

2 EK 08020-3 IFPI 5243 X ADI 15 EK 08005-2-3 IFPI 3208 X IFPI 5243

3 EK 08022-2-1 DMR 19 X TEGEGNECH 16 EK 08016-2 IFPI 5243 X MEGERI

4 EK 08021-5 MEGERI X TEGEGNECH 17 EK 08017-2 DMR 19 X TEGEGNECH

5 EK 08017-3 DMR 19 X TEGEGNECH 18 EK 08008-4 IFP 5136 X MEGERI

6 EK 08020-4 IFPI 5243 X ADI 19 EK 08020-5 IFPI 5243 X ADI

7 EK 08022-1-4 DMR 19 X TEGEGNECH 20 EK 08014-2-1 ADI X IFPI 5243

8 EK 08023-3 MEGERI X ADI 21 EK 08022-1-2 DMR 19 X TEGEGNECH

9 EK 08015-2-2 DMR 19 X MEGERI 22 EK 08016-3 IFPI 5243 X MEGERI

10 EK 08024-1 TEGEGNECH X ADI 23 EK 08017-4 DMR 19 X TEGEGNECH

11 EK 08024-3 TEGEGNECH X ADI 24 EK 08005-2-1 IFPI 3208 X IFPI 5243

12 EK 08023-2 MEGERI X ADI 25 Burkitu* G22763-2C X TL-3

13 EK 08023-1 MEGERI X ADI *Standard checks
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The advanced lines were generated from three released 
adaptive cultivars for their high yielding potential, and four 
introduced materials for their seed size, seed color and disease 
resistance potential. The twenty-five genotypes were arranged 
in a randomized complete block design with two replications. 
The plot size was 3.2m2 with four rows of 4m long and spacing 
of 20cm between rows. Fertilizer at the rate of 18kg N and 
46kg P2O5 ha-1 in the form of diammonium phosphate (DAP) 
and 150kg ha-1 seed rate was used at each test sites. Other crop 
management and protection practices were applied following 
the recommendation at each location. For statistical analysis, 
yield from net plot area of 3.2m2 was harvested and converted 
into kg ha-1 base at 10% standard grain moisture content was 
used. 

Data collection
Data on days to 50% flowering, days to 95% physiological 

maturity, 1000 seed weight (g), grain yield (kg ha-1), ascochyta 
blight (1-9), and powdery mildew (1-9) were assessed on plot 
bases, while plant height (cm), number of pods plant-1, and 
number of seeds pod-1 were recorded on five random samples of 
plants selected from the central rows of each plot. Mean values 
of the five random samples of plants plot-1 were then used for the 
analysis of data collected on an individual plant basis. 

Data analysis
Data for all traits were subjected to analysis of variance 

using General Linear Model (PROC GLM) of the SAS Procedure 
using version 9.0 of the software [29]. The significance of 
variance effects was considered at P≤0.05, P≤0.01, and P≤0.001, 
respectively. Error mean squares from each environment were 
tested for homogeneity of variance to ensure that the combined 
analysis of variance across environments was appropriate. 
Separation of the additive main effect was done using Duncan’s 
Multiple Range Test (DMRT). Based on the variance components 
obtained from the combined analysis across the four test 
environments, the total phenotypic variance of each trait was 
partitioned into genetic and non-genetic factors.

The phenotypic (PCV) and genotypic (GCV) coefficient of 
variation were obtained as the ratio of the respective root square 
of phenotypic and genotypic standard deviations to the trait 
means. Broad sense heritability (Hb2) was estimated for each 
trait from the variance component analysis as suggested in [30] 
as: 

                                      
V2 GHb
V

P
=   

Where VG and VP are the genotypic and phenotypic variances, 
respectively. Values near Zero indicate strong environmental 
variation, whereas values near unity indicate that variation has a 
strong genetic influence [31].

The predicted response to selection or the expected genetic 
advance (GA) was calculated, following [32] assuming the 
selection intensity of 5% as:

GA = K. √sP2. (sg2/sp2) = K. sP. Hb2

GA as % of mean =  x 100

Where, GA = expected genetic advance from selection and K 
= the selection differential (K = 2.06 at 5% selection intensity), 
sg2 and sp2 are genotypic and phenotypic variances, sP = 
phenotypic standard deviation, Hb2 = broad-sense heritability, 
and   is the grand mean. 

Phenotypic and genotypic correlation coefficients of grain 
yield with other traits were estimated from the components 
of variance and covariance based on the standard procedure 
suggested by [33] using the PROC CANDISC of SAS system [29] 
as follows: 

Cov p (XY) rp  
var . varpX pY

=  ;  Cov g  (XY)
var . var

rg
gX gY

=   	

	   

Where rp is phenotypic correlation coefficient between 
characters x and y; rg is genotypic correlation coefficient 
between characters x and y; Cov p (XY) is phenotypic covariance 
between characters x and y; var pX is variance of character x; var 
pY is variance of character y; Cov g(XY) is genotypic covariance 
between characters x and y; var gX is genotypic variance of 
character x; and var gY is genotypic variance of character y.       

The following formula [34] was adopted to test the 
significance of correlation coefficients. 

              ( )
rt

SE r
=   ; Where ; 

1 2( )
2

rSE r
n
−

=
−

Where, r and n are correlation coefficient and number of 
genotypes, respectively. Then calculated t-value was compared 
with the standard t-table value at n-2 degrees of freedom and α 
levels of probability (where α is 0.05 and/or 0.01). 

Principal component (PC) analysis was made based on 
the mean values for the nine traits of 25 field pea genotypes 
across the four test locations using the PROC PRINCOMP of the 
SAS version 9.0 [29] in order to identify the traits that most 
contributed to the total variation among the genotypes.

Clustering of the genotypes was performed by the PROC 
CLUSTER of the SAS version 9.0 [29] following the options of 
Euclidean distance measure using nine traits that were found to 
be significantly different among the genotypes across locations. 
The determination of the number of clusters was made based 
on the Pseudo-F and Pseudo-T2 statistics. Genetic distances 
between clusters as standardized Mahalanobis’s D2 statistics 
were calculated as: 

 ( ) ( )'2 1covijD xi xj xi xj−= − −

Where D2ij is the distance between cases i and j; xi and xj is 
the vectors of the values of the variables for cases i and j; and 
cov-1 is the pooled within groups variance-covariance matrix. 
The D2 values obtained for pairs of clusters were considered 
as calculated values of Chi-square (χ2) and were tested for 
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significance levels against the tabulated values of χ2 for ‘P’ degree 
of freedom, where P is the number of traits considered [32]. 

Results
Performance of the genotypes

Significant variations among genotypes observed for all traits 
except for number of pods plant-1 and powdery mildew (Table 
3). Highly significant (P≤0.01) to significant (P≤0.05) main effect 

differences for genotypes observed for the traits under study 
except for number of pods plant-1 and powdery mildew (Table 
3). Likewise, test locations exerted significant (P≤0.05) effects 
on all traits except ascochyta blight. The interaction effects of 
locations and genotypes were significant (P≤0.05) for all traits 
except plant height, number of seeds pod-1, 1000 seed weight, 
and ascochyta blight (Table 3). 

Table 3: Mean squares from a combined analysis of variance for nine traits of 25 field pea genotypes tested across four locations.

Traits Location (L) (df 
= 3)

Replication/L (df 
= 4)

Genotype(G) (df 
= 24)

G*L Error
CV (%)

(df=72) (df = 96)

Days to 50% 
flowering 3012.3*** 6.26 78.36*** 4.96* 3.39 2.58

Days to 95% 
maturity 12813.1*** 4.79 14.76*** 4.35* 2.93 1.18

Plant height (cm) 10723.6* 1253.34 520.18* 292.13ns 230.46 8.33

Number of pods 
plant-1 297.8** 7.01 12.13ns 7.91* 5.4 18.65

Number of seeds 
pod-1 5.68* 0.74 0.72* 0.37ns 0.28 11.61

1000 seed weight 
(g) 17328.5*** 273.5 6415.63*** 452.46ns 431.83 10.08

Grain yield (kg 
ha-1) 68659448.1** 1380144 2629104.5** 1110466.1** 609174 18.79

Ascochyta blight 
(1-9) 2.81ns 0.53 1.04 0.38ns 0.33 13.6

Powdery mildew 
(1-9) 36.22 3.91 2.07ns 1.56*** 0.69 17.62

*, **, and *** were significant at P≤0.05, P≤0.01, and P≤0.001, respectively.

Table 4: Mean performance and range of parameters of 25 field pea genotypes evaluated across four locations during  2014 cropping season.

Entry Genotypes FLD MTD PLH PPPL SPP TSW GY AB PM

1 Bilallo 73 146 180 12.8 4.5 179 4196 4 4.9

2 EK 08020-3 71 144 174 11.4 4.2 226 3753 4.5 3.6

3 EK 08022-2-1 75 147 179 14.3 5.2 195 3980 3.5 4.4

4 EK 08021-5 74 146 175 13.2 4.4 201 4698 4.3 4.4

5 EK 08017-3 70 144 171 11.4 4.9 160 5140 4.5 5.5

6 EK 08020-4 73 147 188 11.3 4.6 211 4694 3.6 4.3

7 EK 08022-1-4 70 144 174 13.2 4.6 229 3626 4.5 4.9

8 EK 08023-3 61 144 171 11.7 4.4 181 3346 4.1 4.6

9 EK 08015-2-2 71 147 182 11.5 4.5 168 3715 4.1 5.1

10 EK 08024-1 72 143 180 10.4 4.9 196 4589 4.3 5.4

11 EK 08024-3 72 144 188 12.3 4.2 223 4962 4.3 4.6

12 EK 08023-2 80 148 186 11.6 4.8 230 4050 3.8 4.4

13 EK 08023-1 71 146 200 15 4.5 210 4855 4.3 4.6

14 EK 08017-1 70 147 197 12.7 4.7 180 4065 3.9 5.8

15 EK 08005-2-3 70 145 182 12 5 208 3721 4 5.4

16 EK 08016-2 74 145 173 11.6 4.7 208 4409 4.4 4.5

17 EK 08017-2 71 145 184 11 4.6 204 4366 4.1 4.6

18 EK 08008-4 68 144 194 12.2 4.2 271 4284 4.8 4.1

19 EK 08020-5 70 145 181 12.5 4.5 180 3940 4.3 5.1
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20 EK 08014-2-1 72 147 190 14.9 4.3 181 3901 3.8 5.3

21 EK 08022-1-2 73 145 178 13.8 4.4 188 3739 4.5 5

22 EK 08016-3 73 145 175 12.1 4.7 198 3999 4.8 4.6

23 EK 08017-4 70 144 175 12.3 4.8 243 4265 5 4.6

24 EK 08005-2-1 74 147 185 14.4 4.1 270 2649 4.1 4.6

25 Burkitu 71 148 191 12.4 5.2 219 4958 4 3.9

26 Minimum 60 123 140 7 2.8 120 444 3 2

27 Maximum 88 163 280 29 6 320 7409 6 8

28 Mean 71.5 145.4 182.1 12.5 4.6 206.3 4155 4.2 4.7

29 CV (%) 2.6 1.2 8.3 18.7 11.6 10.1 18.8 13.6 17.5

30 LSD (0.05) 1.8 1.7 15.1 2.3 0.5 20.6 774.6 0.6 0.8

FLD: Days to 50% Flowering; MTD: Days to 90% Maturity; PLH: Plant Height (Cm); PPPL: Number of Pods Plant-1; SPP: Number of Seeds Pod-1; 
TSW: 1000 Seed Weight (G); GY: Grain Yield (Kg Ha-1); AB: Ascochyta Blight (1-9); PM: Powdery Mildew (1-9)

Mean values of all traits of the genotypes varied across 
the four test locations (Table 4). The result of the range of 
parameters in Table 5 suggested that there were considerable 
differences observed in all of the traits under investigation. The 
genotypes required 60 to 88 days for vegetative growth and 123 
to 163 days to mature physiologically. Yield component traits 
including number of pods plant-1, number of seeds pod-1, and 

1000 seed weight, were significantly varied ranging from 7 to 29 
pods plant-1, 2.8 to 6 seeds pod-1, and 120 to 320g 1000 seeds-1; 
the overall mean being 12.5, 4.6, and 206g for number of pods 
plant-1, number of seeds pod-1 and 1000 seed weight, respectively 
(Table 4). Plant height was ranged from 140 to 280cm, with the 
mean across four locations of 182.1cm plant-1.

Table 5: Mean of locations, genotypic (GCV) and phenotypic (PCV) coefficient of variation, heritability in the broad sense (Hb2), and genetic 
advance in percent of the mean (GAM) of nine traits of 25 field pea genotypes evaluated in four locations during 2014. 

Traits
Mean of Locations*

PCV (%) GCV (%) GCV (%) GCV (%)
Kulumsa Bekoji Asassa Koffale

Days to 50% flowering 62.7c 78.2a 67.1b 77.8a 4.5 4.3 91.9 8.4

Days to 95% maturity 127.3d 157.9b 136.7c 159.8a 1 0.8 65.8 1.4

Plant height (cm) 177.6bc 177.2b 170.8c 203.7a 4.8 3.1 42.3 4.2

Number of pods plant-1 11.14b 11.29b 11.29b 16.12a 11.3 6.6 34.5 8

Number of seeds pod-1 5.06a 4.31c 4.38bc 4.56b 7.1 4.8 46.4 6.8

1000 seed weight (g) 181.4c 226.4a 207.0b 210.2b 13.8 13.3 92.7 26.3

Grain yield (kg ha-1) 2459c 4957a 4741ab 4502b 15.7 11.3 52.3 16.9

Ascochyta blight (1-9) 4.40a 4.10b 4.40a 3.92b 8.9 7 60.7 11.2

Powdery mildew (1-9) 5.48a 4.32b 5.38a 3.72c 13.8 7.3 28.2 8
*Means in the same row and followed by different letters are significantly different as adjusted by Duncan’s multiple range test at P≤0.05.

Figure 1: Genotypic performance rank (%) in the Top, Middle, 
and Bottom third of the test environments according to Fox et al. 
[39]. Names of genotypes are as indicated in Table 2.

Figure 2:  The average grain yield of 25 field pea genotypes at 
Kulumsa, Bekoji, Asassa, and Koffale locations during 2014 main 
cropping season. Names of genotypes are as described in Table 
2. Genotypes followed by the same letter are not significantly 
different at P≤0.05. 
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Grain yield performances of most of the genotypes were 
varied across all locations except for EK08023-1, which was 
ranked in the top third in 100% of the test locations. Genotypes 
EK08017-3, EK08024-3, EK08021-5, and the standard check 
Burkitu were ranked in the top third in 75% of the test locations 
(Figure 1). Genotypes EK08017-3 and EK08024-3 were the 
only genotypes surpassing the two standard checks in their 
performance of grain yield and other yield and disease-related 
traits across locations (Table 4). Genotype EK08024-3 yielded 
the best of 6499kg ha-1 at the highest-yielding location Bekoji, 
whereas EK08017-4 yielded the best of 3730kg ha-1 at the lowest-
yielding location Kulumsa (Figure 2). The mean location grain 
yield across genotypes ranged from 2459kg ha-1 in Kulumsa to 
4957kg ha-1 in Bekoji (Table 5). The mean grain yield of field pea 
genotypes across locations varied from 2649kg ha-1 for genotype 
EK08005-2-1 to 5140kg ha-1 for EK08017-3, with an overall 
location mean of 4155kg ha-1 (Table 4).

Estimates of coefficient of variation, heritability, and 
genetic advance

Estimates of phenotypic (PCV) and genotypic (GCV) 
coefficients of variation, broad sense heritability (Hb2) and 
genetic advance expected from a selection of the best 5% of 
the genotypes as expressed in percent of the mean (GAM) are 
presented in Table 5. The PCV was lowest (1.0%) for days to 
maturity and highest (15.7%) for grain yield. In addition to the 
latter, relatively high PCV values were noted for seed weight 
(13.8%), powdery mildew (13.8%) and number of pods plant-1 

(11.3%). Estimates of GCV ranged from less than 1.0% for days 
to maturity to 13.3% and 11.3% for 1000-seed weight and 
grain yield, respectively. Powdery mildew, ascochyta blight, and 
number of pods plant-1 showed relatively moderate GCV values. 

Hb2 values varied from moderate to high depending on 
the traits under study. It was ranged from 28.2% for powdery 
mildew disease to 92.7% for seed weight followed by 91.9% for 
days to flowering. In addition to the former, low Hb2 estimate of 
34.5% was noted for number of pods plant-1, whereas relatively 
intermediate Hb2 estimates of 42.2 to 52.3% were noted for plant 
height, number of seeds pod-1, and grain yield. The genetic gain 
expected from selection of the superior 5% of the genotypes was 
varied from a low of 1.4% to a high of 26.3% (Table 5). The lowest 
and highest GAM estimates were obtained for days to maturity 
and seed weight, respectively. The relatively higher value of 
GAM in seed size indicates its responsiveness for improvement 
through direct selection.

Association of morpho-agronomic traits with grain 
yield

The phenotypic and genotypic correlation among all 
morpho-agronomic traits and grain yield were indicated in 
Figure 3. Grain yield showed highly significant (P≤0.01) positive 
genotypic correlation (r= 0.51) with number of seeds pod-1, and 
negative and significant (P≤0.01) genotypic correlation with 
1000-seed weight (r= -0.53) and powdery mildew disease (r= 

-0.44), while it has no significant genotypic association with the 
remaining traits (Figure 3). The significant positive genotypic 
correlation between grain yield and number of seeds pod-1, and 
negative genotypic correlations with powdery mildew disease 
indicates the possibility of improving grain yield by improving 
any one or both of the two traits. Grain yield showed positive and 
highly significant phenotypic correlation with 1000-seed weight, 
days to flowering and days to maturity, while it showed negative 
and significant phenotypic association with number of seeds 
pod-1. On the other hand, plant height, number of pods plant-1, 
ascochyta blight, and powdery mildew showed non-significant 
phenotypic association with grain yield (Figure 3). 

Figure 3: Spider diagram of genotypic and phenotypic 
correlations of different morpho-agronomic traits with grain yield 
of field pea genotypes. Abbreviations: are as indicated in Table 4.

Principal component analysis

Figure 4: First four principal component values of seven yield and 
yield component variables for 25 field pea genotypes evaluated 
across four locations during 2014 main croping season.

The first four PCs were accounted for 88.7% of the total 
phenotypic variation, of which 63.6% was contributed by the first 
two PCs (Figure 4). PC1 accounted for 34.9% of the total variation 
among the test genotypes. This is mainly due to the positive 
effect of days to maturity, and the negative effect of ascochyta 
blight incidence (Figure 5). The second PC, on the other hand, 
also accounted for 28.7% of the total variation among the test 
genotypes, whereby the positive effect of number of seeds pod-1 
and grain yield kg ha-1, and the negative effect exerted by 1000-
seed weight contributing the most. The proportion of the total 
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phenotypic variance of the field pea genotypes accounted for by 
PC3 and PC4 were 13.5% and 11.6%, and these were due mainly 
to variation in days to flowering and plant height, respectively 
(Figure 4 & 5). 

Figure 5: Eigenvalues and percent of variance accounted by first 
four principal components for 25 field pea genotypes evaluated 
across four locations during 2014 main cropping season.

Cluster analysis
Cluster analysis grouped the 25 field pea genotypes into five 

distinct classes (Figure 6). Cluster C1 was the largest constituting 
28% of the total genotypes. This cluster constituted high yielding 
genotypes with relatively shorter plant height, an intermediate 
number of pods plant-1, large number of seeds pod-1, and smaller 

seed size but relatively susceptible to powdery mildew disease. 
Clusters C2 and C3, and C4 constituted 24% and 20% of the total 
genotypes, respectively and established from intermediate 
genotypes for yielding potential and seed size. Clusters C2 and 
C3 were characterized by genotypes with intermediate number 
of pods plant-1 and number of seeds pod-1. Genotypes with a low 
number of pods plant-1 and high number of seeds pod-1 were 
grouped in C4. Whereas, the fifth cluster had only one genotype 
which is characterized by tall plant height, a higher number of 
pods plant-1, larger seed size but a lower number of seeds pod-1 
and inferior yielding potential (Table 6). 

Figure 6: Dendrogram showing hierarchical clustering patterns 
of 25 field pea genotypes evaluated for nine major quantitative 
traits.

Table 6: Means for nine different traits of 25 field pea genotypes grouped into five clusters.

Traits
Means of Clusters

C1 C2 C3 C4 C5

Days to 50% flowering 71.61 71.65 70.9 71.2 73.63

Days to 95% maturity 145.18 144.98 145.46 146.08 146.5

Plant height (cm) 180.33 182.56 181.62 184.21 185.04

Number of pods plant-1 12.4 12.9 12.5 11.7 14.4

Number of seeds pod-1 4.8 4.5 4.4 4.7 4.1

1000 seed weight (g) 189.1 204.6 215.2 208.8 270

Grain yield (kg ha-1) 4842.3 3989.3 3650.1 4304.2 2611.2

Ascochyta blight (1-9) 4.2 4.27 4.19 4.18 4.13

Powdery mildew (1-9) 5.14 4.77 4.4 4.5 4.63

Table 7: Pair wise generalized squared distance (D2) among five 
clusters of 25 elite field pea genotypes.	

C2 C3 C4 C5

C1 77.0*** 139.1*** 26.3** 473.0***

C2  11.8ns 27.0** 184.9***

C3   54.9*** 112.2***

C4    304.4***

The pairwise generalized squared distance among the five 
clusters is presented in Table 7. The genetic divergence between 
all possible pairs of clusters were highly significant (P<0.01), 
while it was non-significant between C2 and C3 indicating 
close relationship among the genotypes in these clusters. The 
maximum distance was found between C1 and C5 (D2 = 473). 
The second most divergent clusters were C4 and C5 (D2 = 304.4), 

whereas the minimum distance (D2 = 11.8) was between C2 and 
C3.

Discussion
The mean sum of squares due to field pea genotypes showed 

significant variation for all traits except for number of pods 
plant-1 and powdery mildew suggested that the experimental 
materials were genetically divergent (Table 3) and could provide 
more opportunities for effective selection in the future breeding 
program. This indicated that there is ample scope for selection 
of promising lines from the present gene pool for yield and its 
components. Similarly, high genetic diversity in Ethiopian field 
pea landraces was reported in [16] and significant variations 
among field pea breeding lines for most of the traits were 
reported in [14,25,26,35,36]. The significant effects due to a 
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location in most of the traits (Table 3) showed that test locations 
were diverse to show substantial variations in the performances 
of field pea genotypes. The highly significant (P≤ 0.01) genotype 
by location interaction effect observed for grain yield coincides 
with [37,38]. This shows the sensitivity of yield of field pea 
genotypes to different environmental conditions. 

The range of parameters in Table 4 suggested that there 
were substantial differences observed in all of the traits under 
consideration. For instance, the number of days required for 
grain filling took more than 11 weeks at Koffale and Bekoji 
as compared to less than nine weeks at Kulumsa and Asassa 
(data not shown). Contrast to this, significantly shorter days 
for vegetative growth and shorter grain-filling period was 
reported in a study conducted in Eastern Ethiopia [26]. This 
is mainly attributed to differences in the genotypes, and the 
test locations in their climatic and agro-ecological parameters 
including rainfall, temperature, and edaphic conditions (Table 
1). Particularly, the high grain yield observed at Bekoji resulted 
from the anticipated long grain-filling period as the more the crop 
stayed green, the better photosynthetic (source-sink) advantage 
in terms of grain filling. The significant difference in mean 
values and ranges of traits in the current study (Table 4) shows 
the increased phenotypic plasticity exhibited in morphology, 
phenology and agronomic performance of field pea genotypes. 
This could happen because of the frost damage in Koffale, high 
incidence of powdery mildew diseases in Kulumsa, and the 
favorable environmental condition in Bekoji and Asassa during 
the growing season. Based on the mean performance of grain 
yield and other yield and disease-related traits across locations, 
genotypes EK08017-3 and EK08024-3 were surpassed the two 
standard checks, Burkitu and Bilallo. The result of [39] stratified 
ranking (Figure 1) also revealed that these two genotypes were 
yielded in the top third in 75% of the test locations and found 
promising for release.

Effective cultivar development is mainly based on the 
existence of sufficient genetic variability in germplasms [40]. 
Therefore, in order to improve yield and any other desirable 
agronomic traits, knowledge of the extent of genetic variability 
that is measured by GCV and PCV [41] is crucial for any breeding 
program. The PCV and GCV values of traits observed in the 
current study are within the range of the previous report by 
[42], but lower as compared to the values reported in [14,26,36]. 
Significantly higher PCV than GCV values observed for number 
of pods plant-1, grain yield, and powdery mildew disease 
incidence suggests the significant contribution of environment 
and genotype by environment effect to the expression of these 
traits. This was in agreement with results reported in [14,26,36]. 
Because the magnitude of genetic variation is better assessed 
from GCV than PCV, breeders commonly focus on traits with high 
GCV estimates [43]. 

A relatively higher GCV was obtained in 1000-seed weight 
and grain yield indicating the existence of wide genetic variation 

for these traits among the genotypes, and there could be much 
potential for improving these traits through hybridization and/
or direct selection. Insignificant differences between PCV and 
GCV values were observed for days to flowering, days to maturity, 
plant height, 1000 seed weight, and ascochyta blight incidence 
indicating that the observed variations were owing to genetic 
factors; hence, the environmental effect played a little role in the 
expression of these traits. Similarly, small differences between 
PCV and GCV values in most of the traits studied were reported 
in pole-type French bean in [44]. 

As a guiding factor to breeders for developing a successful 
breeding program, understanding heritability of economically 
important traits [41] and the genetic advance as percent mean 
[45] are very crucial. In the current study, values for Hb2 and 
GAM were ranged from 28.2 to 92.7%, and 1.4 to 26.3%, 
respectively (Table 5). These values are higher compared to 
the values reported in [45], where only as high as 50.8% Hb2 

values has been reported for similar traits. This is because both 
variation in additive and non-additive genetic factors and the 
environmental variance are population specific [46], heritability 
in one population does not necessarily predict the heritability 
of the same traits in another population. On the other hand, 
this large difference in Hb2 values of similar traits of field pea 
genotypes could be explained by the difference in data used from 
four locations in the current study compared to only one location 
used in [26]. Differences in Hb2 of traits in this study may have 
resulted either due to some traits may be inherently less variable 
than the others, or there are differences in the magnitude of 
environmental influence on phenotypic performances of the 
genotypes. High Hb2 (92.7%) coupled with high GAM (26.3%) 
was found for the trait 1000-seed weight (Table 5) indicating 
that the phenotype of an individual in the current population 
is a good indicator of the genotypes or it mean that most of 
the variation in seed weight that is observed in the present 
population is caused by variation in genotypes. This suggests 
the predominance of additive gene action in the expression of 
seed weight [45,46], making it to easily transferred from parent 
to offspring. High Hb2 and GAM of sees size, on the other hand, is 
an indication that selection in the early generation can easily fix 
seed size in field pea. 

High estimates of Hb2 and moderate estimates of GAM or vice 
versa were observed for days to flowering (91.9%, 8.4%), grain 
yield (52.3%, 16.9%), and ascochyta blight resistance (60.7%, 
11.2%). In such cases, the coexistence of additive and non-
additive gene action would be responsible for the expression 
of these traits [45,47]. Therefore, mass selection and/or other 
breeding methods based progeny testing could result in a high 
possibility of improvement in these traits. However, days to 
flowering and days to maturity possessed high Hb2 with low 
GAM, and this coincides with the value reported in [36] for the 
same trait, suggesting the predominance of non-additive gene 
action that could be exploited through heterosis breeding. On 
the other hand, the high Hb2 of these earliness characters could 
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be as a result of the favorable environmental condition rather 
than genotypic effect, hence direct selection for such trait may 
not be rewarding. Therefore, in order to obtain increased genetic 
gain in days to flowering and days to maturity of field pea, there 
must be sufficient genetic variability existed either through 
reintroduction from landraces and elite germplasms from other 
breeding programs, or introgression of novel alleles from wild 
relatives. The low Hb2 values as coupled with low GAM for 
powdery mildew, number of pods plant-1, number of seeds pod-1 
and plant height indicated that only a small proportion is caused 
by variation in genotypes but it does not necessary mean that 
the additive genetic variance is small [46]. In this case, one could 
expect slow progress of improvement in these traits through 
direct selection due to a quantitative mode of inheritance. 
Similarly, low Hb2 and GAM values for powdery mildew, number 
of pods plant-1, and number of seeds pod-1 were reported in [26], 
but contrast to this result, high Hb2 values for plant height and 
number of pods plant-1 was reported in [48].

Grain yield is associated with several yield contributing 
characters that make it a complex trait. Therefore, improvement 
in yield can only be effective when other components characters 
influencing it directly or indirectly are taken into consideration 
in the selection process. A selection pressure exerted for 
improvement of any characters highly associated with grain 
yield, simultaneously affects a number of other correlated traits 
[14]. Hence, knowledge of association of grain yield with its 
component traits is believed to provide a guideline to the plant 
breeders for making improvement through selection. Results 
from analysis of correlation coefficients reveal that phenotypic 
correlation coefficients are greater than their corresponding 
genotypic coefficients. This indicates that selection based on 
phenotypic performance perse may not improve the genotypic 
performance because the effect of growing environments on the 
expression of most of the traits is relatively higher.

 The highly significant positive genotypic correlation of grain 
yield with number of seeds pod-1 and its significant negative 
genotypic association with 1000-seed weight is consistent with 
earlier reports of [25,26] indicating that they could be affected 
by the same gene and the possibility of improving grain yield 
by selection for increased number of seeds pod-1, but this could 
result in negative compensatory growth in seed size. Therefore, in 
order to improve grain yield through simultaneous selection for 
seed size, number of seeds pod-1 and pods plant-1, a compromise 
between selections for these traits must be made. The negative 
and non-significant genotypic correlation of days to flowering 
and days to maturity with grain yield is an indication of desirable 
earliness character that could be exploited in future breeding 
programs for stressed environments, Asassa and Kulumsa, 
where frequent terminal drought and high disease pressure are 
expected, respectively. 

Results from principal component analysis reveals the first 
four principal components accounted for 88.7% of the total 

variation in the field pea genotypes, of which about 63.6% was 
contributed by the first two principal components (Figure 5). This 
was larger compared to earlier reports which ranged between 
77.0 to 80.0% [15,26] in field pea, and 86.0% value reported 
in [16] in Abyssinian field pea species. Clustering of genotypes 
are more influenced by traits with larger absolute eigenvector 
values closer to unity within the first principal components than 
those with lower values closer to zero [15,16,49]. Accordingly, 
most of the traits individually contributed from -0.549 to 
+0.633 (Figure 4) with days to maturity, number of seeds pod-
1, 1000-seed weight, grain yield and ascochyta blight showed 
relatively greater weight in the first two principal components 
of eigenvalues greater than one (Figure 5). Therefore, the 
contributions of those aforementioned traits were believed to be 
significant for differentiation of the current field pea genotypes 
into different clusters. 

Cluster analysis grouped the field pea genotypes to five 
different classes (Figure 6). Studies indicated that genotypes 
within the same cluster are more closely related in terms of the 
traits under consideration [15,16]. Hence, crosses that involve 
parents selected from clusters characterized by maximum 
genetic distance are believed to provide maximum genetic 
recombination and variation in the subsequent generation [49]. 
Therefore, the maximum genetic distances between C1 and C5, 
and C4 and C5 in the current study (Table 7) reveals crosses 
between genotypes selected from these clusters are expected to 
provide relatively better genetic recombination and segregation 
in their progenies. Selection of parents, however, should consider 
the special advantage of each cluster and each genotype within 
a cluster depending on the specific objectives of hybridization as 
suggested by [15,16].

Conclusion 
Better understanding of crop genetic diversity is required to 

maximize crop yield under changing climate and minimize crop 
failure under unfavorable condition for sustainable agriculture. 
The present study showed an adequate level of genetic variability 
among the field pea genotypes for most of the traits under study 
with the first four PCs accounted for 88.7% of the total variation 
in the genotypes and different component characters contributed 
differently towards the total diversity. This implies that there is a 
great opportunity for genetic improvement through either direct 
selection or intra-specific hybridization between parental lines 
with desirable traits. 

The high Hb2 and high GAM showed in 1000-seed weight 
coupled with its wide range (120 to 320g 1000-1 seeds) of 
genotypic variation shows the high possibility of improving 
seed size through direct selection. In order to bring a reasonable 
improvement on traits including grain yield and genotypic 
ascochyta blight resistance, which are governed by both additive 
and non-additive gene action, the future breeding program 
should focus on mass selection, and other breeding methods 
based progeny testing. 
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The positive genotypic association between grain yield and 
number of seeds pod-1 shows a good opportunity to improve 
these traits simultaneously but the negative significant genotypic 
association between 1000-seed weight and grain yield shows the 
need to implement a compromise between selection progresses 
for simultaneous improvement of the two traits. Widening the 
genetic base either through reintroduction from landraces 
and elite germplasms from other breeding programs, or 
introgression of novel alleles from wild relatives must be sought 
in future breeding program to make an improvement in earliness 
characters, days to flowering and days to maturity, which have 
high Hb2 with low GAM but negative genotypic association with 
grain yield. 

Generally, as the current study used limited elite field pea 
genotypes, it should be noted that plant geneticists and breeders 
needs to continue their efforts to explore genetic diversity in 
different traits of agronomic importance through an in-depth 
study of morphological, physiological, agronomic, and molecular 
basis of genotypic differences using more number of field pea 
accessions.
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