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ABSTRACT

For resource-poor Ethiopian farmers, field pea (Pisum sativum L.) is the main source of protein. To
increase the productivity of the crop and support farmers, the development of yield and disease-
resistant varieties is an important activity. Thus, the purpose of this study was to examine genetic
variability and associated agronomic traits among field pea genotypes. A total of 49 field pea
genotypes were evaluated at Bekoji in 2020 using a simple lattice design. Analyses of variance
were performed on the morpho-agronomic data collected. Most traits were significantly different
among genotypes, except pod per plant, pod length, and seed per pod. Variations in genotypes for
grain yield ranged from 412 to 4498 kg ha-1. EH 010011-3, EH 05048-5, and EK 08017-3 were the
genotypes with the most yield advantage over Bursa (3714.0 kg ha -1), with yield advantages of
21.11, 1.13, and 1.19%, respectively, over the highest yielding check variety. Genotype EH
010011-3 showed the highest mean grain yield of 4498 kg/ha. Phenotypic coefficients of variation
ranged from 2.33% for days to maturity to 29.40% for thousand seed weights, whereas genotypic
coefficients of variation ranged from 2.20% to 24.31% for days to maturity. In general, the estimated
broad sense heritability ranged from 63.85% for harvest index to 89.21% for days to maturity. The
genetic advance as a percentage of mean ranged from 4.28% for days to maturity to 42.16% for
grain yield. The study showed that field pea genotypes exhibit reasonable genetic variation, which
could be used to develop breeding programs.
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1. INTRODUCTION

“Field pea is a self-pollinated and annual
herbaceous legume belonging to the family
Leguminosae and genus Pisum” [1] that prefers
a cool, moist climate. Generally, field peas are
grown as dry seeds, but they can also be
harvested as green vegetables when immature.
Field peas are used in Ethiopia in the form of
split, milled seeds [2]. In addition to providing
dietary protein to the farming community, it is
also cost-effective compared to animal protein,
thus complementing and supplying the cereal-
based sector of the urban poor. Extensive areas
of the central and northern highlands of Ethiopia
are cultivated with field pea.

The Pea plant has two pairs of chromosomes
(2n= 2x=14) and can grow in a bush or dwarf
form or a climbing form (the majority of peas) [3].
Historically, field pea has been grown in the
Mediterranean and central Asian regions, as well
as in the Ethiopian highlands. Field peas have
been cultivated in Ethiopia since ancient times
[4], and their wild and primitive forms have been
hidden in the highlands. The fact that Ethiopia
has a variety of field peas makes it one of the
centers of field pea diversity [5]. Globally, field
peas are grown for their fresh green seeds,
tender green pods, dried seeds, and soil
restorative  properties [6]. “lt Contributes
significantly to soil fertility restoration and is an
inexpensive and valuable protein source. Pea is
grown in high-altitude areas (1800-3200) m.a.s.lI”
[7]. “Among the highland pulse crops, Field pea
is the third most important staple food legume
crop in Ethiopia after faba bean and common
bean. An average yield of 1.664 t ha-1 is
obtained from about 216,786.33 hectares of
arable lands, covering 3,608,112.40 quintals of
production. The area covered by pulses is 12.73
percent” [8].

“In Traditionally, Ethiopians eat field pea as part
of their “Shiro wet”, which is a stew served with
local bread made of teff, or “Injera”. Food, cash,
and hunger relief crops are grown with fava
beans (Vicia faba) in the highlands of the
country. There are 344 calories, 20.1 grams of
protein, and 64.8 grams of carbohydrates in 100
grams of edible field peas. As a cheap source of
protein, it is often referred to as poor man's meat
in developing countries. Although pea protein is
deficient in sulfur-containing amino acids
(Cysteine and methionine), it can still provide a
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balanced diet in combination with wheat, rice,
and other cereals” [9]. “A Field pea has a dual
advantage in fixing atmospheric nitrogen and
serves as a break crop” [10].

“Field peas are an important crop in Ethiopia, but
they are severely constrained by aphids, low-
yielding local varieties, lodging, diseases
(ascochyta blight, powdery mildew), and pod
shattering. The fungus spreads via air currents,
while rain controls the disease by washing away
spores and preventing them from germinating”
[11]. The development of resistant varieties is the
most effective management strategy against
pathogens [12]. “The high diversity of field pea
accessions can be attributed to the strong
representation of its centers of domestication, the
Near East and Mediterranean [13], as well as
other centers of diversity, including Central Asia
and Ethiopia” [14].

Ethiopia is a secondary center of genetic
diversity for field peas due to the diversity of its
germplasm [15]. Through selection and/or
hybridization breeding programs, Ethiopia has
the potential to improve field pea for desired
traits.

In order for a breeding program to be successful,
genetic variability must be taken into account. In
field pea breeding programs, landraces and
accessions are selected and evaluated based on
the existing diversity [16]. This indicates a great
deal of potential for the breeding program.
Selection among a diverse population can
provide a certain level of success in breeding,
but crossings are necessary to combine different
contrasting genotypes to create a hybrid that
combines the traits of interest and produces
heterosis [17- 21].

As a result, this study was conducted using field
pea populations from the breeding program with
the following specific objectives.

1.1 Objectives

Estimate the genetic variability in yield and

yield-related traits among field pea
genotypes.
Determine the degree of association

between agronomic characteristics of field
pea genotypes.



2. MATERIALS AND METHODS
2.1 Description of the Study Area

“During the 2020 main cropping season, the
experiments were carried out at the Kulumsa
Agricultural Research Center's Bekoji research
site. Bekoji is located at 39°14'46"E longitude
and 07031'22"N latitude, with an elevation of
2780 meters above sea level. It has an annual
rainfall of 1020 mm and average minimum and
maximum temperatures of 7.9°C and 16.6°C,
respectively. The trial site's soil type is nitisols
with a good drainage system. It has a PH of
5.35" [22], 5.5% organic matter, and 0.25%
nitrogen.

2.2 Experimental Materials and Design

This study used 49 field pea genotypes obtained
from Kulumsa Agricultural Research Centers.
The materials used for the research are listed
and described in (Table 1). This study used a
plot size of 4m x 0.8m (3.2m2), with each plot
consisting of four rows with 80 plants within each
row, with an inter-row spacing of 20 cm and 5 cm
between plants within the row. The distances
between plots and blocks were 1m and 1.5m,
respectively. The experiment was setup in 7 x 7
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simple lattice designs, with each genotype
randomly assigned in blocks of each replication.

3. RESULTS AND DISCUSSION
3.1 Analysis of Variance

The results of an analysis of variance (ANOVA)
for eight traits of 49 field pea genotypes for
Bekoji are presented in Table 2. The results of
ANOVA revealed that the genotypes had
significant differences for days to flowering, days
to maturity, grain filling period, plant height,
thousand seed weight, total biomass, harvest
index, and grain yield at Bekoji; and the results
showed the presence of significant differences
among field pea genotypes for all traits, except
the number of pod per plant, pod length and the
number of seed per pod.

“Observed variations in morpho-agronomic
traits among the field pea genotypes indicate
the potential for exploiting those variations in
field pea improvement programs. Several
other Ethiopian researchers reported
significant differences between field pea
genotypes for days to flowering, days to
maturity, plant height, 1000 seed weight, and
seed yield per plant” [23-29].

Table 1. Description of field pea genotype

Acc.code Genotype name Acc.code Genotype name
G-1 Bursa G-26 EH 010009-2

G-2 Burkitu G-27 EH 08003-1

G-3 EH 05048-5 G-28 EK 08023-5

G-4 EH 08034-2 G-29 EH 08016-2

G-5 EH 010006-2 G-30 EH 08027-1

G-6 EH 08021-1 G-31 EH 08027-3

G-7 EH 09021-5 G-32 EK 08017-5

G-8 EH 08003-2 G-33 EK 08016-4

G-9 EH 08036-4 G-34 EH 08003-7

G-10 EH 010005-2 G-35 EK 08024-4

G-11 EH 08027-2 G-36 EK 08017-3

G-12 EH 08036-1 G-37 PDFPT p-313-050
G-13 EH 08041-3 G-38 PDFPT p-313-015
G-14 EH 07005-1 G-39 PDFPT p-313-017
G-15 EH 010011-3 G-40 PDFPT p-313-26
G-16 EH 07002-1 G-41 PDFPT p-313-020
G-17 EH 08021-4 G-42 PDFPT p-313-052
G-18 EH 010004-1 G-43 PDFPT p-313-062
G-19 EH 07006-5 G-44 PDFPT p-313-098
G-20 EH 010009-1 G-45 PDFPT p-313-022
G-21 EH 08042-2 G-46 GIz 02019-1
G-22 EH 07007-5 G-47 GIZ 02019 -2
G-23 EH 08041-4 G-48 PDFPT p-313-028
G-24 EH 08042-4 G-49 PDFPT p-313-065
G-25 EH 08041-1

Seed Source: Kulumsa Agricultural Research Centers
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Table 2. Analysis of variance for eleven traits tested at Bekoji in a simple lattice design

Trait Rep (1) Block (rep)(12) Genotype (48) Error (36) CV (%)
Days to flowering 0.83 1.29 16.72** 1.34 1.53
Days to maturity 0.04 0.79 20.94** 1.35 0.72
Grain filling period 1.24 1.61 19.88** 2.47 1.9
Plant height (cm) 1528.26 80.07 979.43** 123.87 7.3
Number of pods per plant 2.24 0.095 0.175ns 0.175 14.03
Pod length (cm) 0.02 0.15 0.28ns. 0.18 7.5
Number of seeds per pod 3.31 0.33 0.51ns 0.44 16.35
Thousand seed weight (g) 25.21 327.16 936.1** 228.36 8.1
Biomass g/plot 2420000 329561 1597645** 222924 12.8
Yield kg ha™ 1334978 198642 945853** 197041 16.5
Harvest index (%) 5.88 1.53 22.72** 2.97 6.9

3.2 Mean Performances of Genotypes
3.2.1 Phenology and growth traits

Depending on the cultivar, flowering time ranged
from 72 to 82 days, and maturing time ranged
from 144 to 156 days. There was no significant
difference between GIZ-02019-2 and PDFPTp-
313-015, but these genotypes had an early
flowering period (72 days). Despite being a late
flowerer (82 days), EH 010009-1 showed no
significant  difference from Gl1Z-02019-1,
PDFPTp-313-028, and PDFPTp-313-065. A
PDFPTp-313-015, GIZ-02019-1, GIzZ-02019-2,
and PDFPTp-313-062 genotype reached
maturity within 144 days after sowing. A
PDFPTp-313-015, GIZ-02019-1, GIZ-02019-2,
and PDFPTp-313-062 genotype reached
maturity within 156 days.

In terms of days to flowering and days to
maturity, most genotypes had non-significant
differences. Grain filling periods ranged from 70
to 82 days for genotypes. Ten genotypes had
grain filling periods of 64 to 69 days with no
significant difference while 35 genotypes had
grain filling periods of 71 to 75 days. It was
observed significant differences in flowering and
maturity timing between field pea genotypes, with
an early flowering date being 10 days earlier than
a delayed maturity date. “Comparatively, there
was a 10-day difference between the short and
long grain filling periods. Based on the breeding
objective, these differences among field pea
genotypes could be exploited in improvement
programs. This research result is supported by
the results of’” [27] and [26], “which observed
significant differences among pea genotypes in
the number of days to flowering and days to
maturity” [30]. There was also a significant
variation in grain filling period between field pea
genotypes.
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“Depending on the genotype, the plants could
reach heights between 75 cm (EH 08041-01) and
182 cm (PPTP-313-015). The twenty-eight
genotypes tested had shorter plant heights (75 to
150 cm), but most genotypes had taller plant
heights between 152 and 182 cm. There is a
highly significant difference in plant height
between field pea genotypes, as reported in [31]
and [32]. There was a similar result reported” by
[33] for field peas as well. Due to the fact that tall
plant height is associated with high lodging,
which in turn results in low productivity and poor
grain quality (shriveled), field pea varieties were
developed with medium to short plant heights.
Therefore the twenty-eight genotypes with a
plant height less than 150 cm in this study can be
used in the crossing block to develop varieties
high yielding and tolerant to lodging.

3.2.2 Yield components and grain yield

“For thousand seed weights of 151g (EH 08027-
2) to 263g (EH 010009-1), genotypes showed
differences in performance. In the two check
varieties, Burkitu and Bursa, the thousand seed
weight was 196 and 185 grams, respectively.
Compared to Burkitu and Bursa, 33 genotypes
had higher thousand seed weights. It is more
likely to identify genotypes with heavy seeds and
develop improved varieties based on the wide
range of variation observed among genotypes for
thousand seed weight. We observed significant
differences in  thousand seed weights
between field pea genotypes in studies” [32,24,
and 34].

The grain yields of the four genotypes, EH
010011-3, EK 08017-3, EH 05048-5, and EH
010009-1, were significantly higher, at 4498,
3758, 3756, and 3735 kg ha-1, respectively.
Burkitu and Bursa, the two control varieties, had
3348 and 3714 kg ha-1, respectively. GIZ-02019-



1 produced the lowest grain yield of 412 kg ha-1.
The study found a significant difference in grain
yield between genotypes, allowing for genotype
selection for higher yield than improved varieties.
Furthermore, eight genotypes with higher grain
yield than the superior Bursa variety also had
higher thousand seed weight than this variety
and Burkitu.

EH 080424 had the highest biomass vyield of
5449¢g hal. GIZ020191 had the lowest biomass
yield of 7849 hal. The high yielding Bursa variety
also had the third highest biomass yield of 5050
g hal, while the Burkitu variety had 3903g ha'
biomass vyield. GIZ020191 had the lowest
biomass yield (784 g hal). The harvest index of
genotypes, on the other hand, ranged from
Glz020191(17 g hal) to EH 080235. (32.0 g
hal). Burkitu and Bursa had harvest indexes of
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25.0g hal and 28.0g hal, respectively. Harvest
indexes were higher in 2 and 15 genotypes than
in Burkitu and Bursa varieties, respectively.

“Genotypes with a large photosynthetic area may
have a better chance of converting light and
nutrients from the soil to dry biomass. This may
have also contributed to the genotypes' higher
grain yield. For example, 8 of 10 genotypes that
had yield advantages over the higher yielding
Bursa variety also had higher biomass yield,
though the difference was not statistically
significant. However, higher biomass and grain
yield may not guarantee that the genotypes will
have a higher harvest index”. [24, 32] “provided
evidence that genotypes with higher biomass
have a greater potential to convert light and soil
nutrients to grain yield than genotypes with lower
biomass” [35,34].

Table 3. The mean values of the studied 49 genotypes of field pea for the eight characters at
Bekoji 2020 cropping season

Genotype DTF DTM GFP PHT TSW(g) GY g/ha TBM g/ha HI (%)
Bursa 74 153 79 171 196 3714 5050 25
Burkitu 73 150 77 158 185 3348 3903 28
EH 05048-5 74 154 80 139 205 3756 4660 28
EH 08034-2 80 155 75 173 174 2772 4151 23
EH 010006-2 75 150 76 143 172 2642 3466 25
EH 08021-1 76 155 80 139 190 3049 3833 27
EH 09021-5 73 148 75 146 180 2667 3364 26
EH 08003-2 79 149 70 130 200 2384 3462 23
EH 08036-4 81 155 74 169 201 2684 4504 21
EH 010005-2 79 153 74 168 191 2713 4455 21
EH 08027-2 82 152 70 150 151 3300 4779 23
EH 08036-1 78 154 77 172 187 2031 3630 19
EH 08041-3 75 154 80 160 198 2432 3931 21
EH 07005-1 76 150 75 131 217 2522 3464 24
EH 010011-3 76 154 78 177 202 4498 5260 29
EH 07002-1 73 151 78 147 210 2070 3792 18
EH 08021-4 73 154 81 129 182 3330 4627 24
EH 010004-1 75 155 80 135 211 3406 4979 23
EH 07006-5 74 155 81 126 200 2553 3530 24
EH 010009-1 73 150 77 161 263 3735 5098 25
EH 08042-2 74 155 82 156 223 2402 3894 21
EH 07007-5 78 155 77 147 219 2881 4227 23
EH 08041-4 81 156 75 170 189 2029 4640 17
EH 08042-4 81 156 75 145 181 2861 5449 18
EH 08041-1 79 155 76 182 167 2752 4484 21
EH 010009-2 73 154 81 162 216 3387 4859 23
EH 08003-1 74 154 81 170 201 2585 4221 20
EK 08023-5 73 150 77 148 177 3044 3022 32
EH 08016-2 73 150 78 142 251 3163 3755 28
EH 08027-1 75 156 81 156 169 2141 3769 19
EH 08027-3 79 154 76 152 168 2437 4526 19
EK 08017-5 74 154 80 166 206 2764 3886 23
EK 08016-4 73 154 81 153 219 2547 3701 23
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Table 3. Continue

Genotype DTF T™ GF PHT TSW(g) GY g/ha TBM g/ha HI (%)
EK 08024-4 73 151 79 137 195 2944 3394 28
EK 08017-3 74 151 77 170 205 3758 4497 28
PDFPTp-313-050 73 154 81 132 193 2178 2870 24
PDFPTp-313-015 72 144 73 75 180 1602 2199 25
PDFPTp-313-017 74 154 80 162 198 2848 4074 24
PDFPTp-313-26 74 154 81 135 154 1830 2466 25
PDFPTp-313-020 73 151 78 103 160 2524 3098 26
PDFPTp-313-052 73 152 79 139 181 3046 3827 26
PDFPTp-313-062 72 144 72 145 192 1455 2097 22
PDFPTp-313-098 72 150 78 136 198 2386 2840 27
PDFPTp-313-022 74 154 80 117 190 2452 3555 23
GI1Z-02019-1 73 144 72 134 198 412 784 17
GlZ-02019-2 72 144 73 85 211 2414 3103 26
PDFPTp-313-028 74 155 81 116 200 3084 3983 26
PDFPTp-313-065 74 148 75 129 211 2023 2544 26
Mean 75 152 77 145 195 2699 3827 24
LSD (5%) 2.35 236 3.19 22.57 30.65 900.25 957.56 3.56

3.3 Estimates of Variability
3.3.1 Genotypic and phenotypic variations

The predicted PCV and GCV coefficients of
variation for eight variables among 49 field pea
genotypes assessed in Bekoji during the main
cropping season of 2020. The genotypic and
phenotypic coefficients of variation fell within the
respective ranges of 2.20 to 24.31% and 2.33%
to 29.40%. For days to maturity and thousand
seed weight g/ha, respectively, the lowest and
greatest GCV and PCV estimates were made.

According to [36], PCV and GCV can be
classified as low (less than 10%), moderate (10-
20%), or high (greater than 20%). Low PCV and
GCV values were calculated for phenology traits
(days to flowering, days to maturity, and plant
height), moderate PCV and GCV values were
calculated for grain filling period, harvest index,
and total biomass g ha-1, and high PCV was
calculated for thousand seed weight (g/plot) and
grain yield kg ha-1. [25] Grain yield and number
of seeds per plant had higher genotypic and
phenotypic coefficients of variation.

“Breeders can use direct selection for traits with
high estimates of these genetic parameters,
whereas traits with low and moderate estimates
of these genetic parameters indicate that the
breeder should use alternative methods to create
variability, such as crossing. Similar results have
been reported for field pea genotypes tested in
different locations” [26, 24, and 32].
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3.3.2 Heritability and genetic advance

“Broad sense heritability (H2) was estimated to
be between 63.85 (Harvest index) and 89.21%
(days to maturity) for eight traits of 49 field pea
genotypes at the Bekoji site, while genetic
advance as percentage of mean (GAM) ranged
from 4.28 (Days to maturity) to 42.16%. (grain
yield)” [37].

Heritability values are suggested to be low
(30%), moderate (3060%), and high (>60%), and
genetic advance as a percentage of mean is
classified as low (1%), moderate (1020%), and
high (> 20%). Both H2 and GAM estimates were
high for days to 50% flowering, days to maturity,
plant height, grain filling period, harvesting index,
thousand seed weight, grain yield, and total
biomass based on this delineation.

“The high estimate of genetic progress for these
traits indicated the possibility of improving the
populations through selection” [25]. “Lower
heritability estimates for grain yield, hundred
seed weight, number of pods per plant, plant
height, number of seeds per plant, and days to
50% flowering were reported” [38]. “Broad sense
heritability was reported to be high in days to
flowering, days to maturity, and 100-seed weight”
[34]. “Field pea genotypes also showed high
heritability in terms of days to flowering, maturity,
1000-seed weight, and grain yield. Lower genetic
advance estimates for number of pods per plant,
number of seeds per plant, number of seeds per
pod, plant height, and days to 50% flowering
were reported” [30].
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Table 4. Estimates of mean, Range, Variance components, Coefficient of Variability, heritability and Genetic advance of the eight characters

studied at Bekoji in 2020

Trait Mean Range og’ oph’ ce’ GCV (%) PCV (%) H* (%) GA (5%) GAM (5%)
DTF 75 72-82 8.77 10.11 1.32 3.95 4.24 86.74 5.681 7.57

DTM 152 144-156 11.17 12.52 1.18 2.20 2.33 89.21 6.502 4.28
PLHT 145 75-182 9.92 12.39 112.54 4.09 4.57 80.07 5.807 7.54

GFP 77 70-82 487.67 611.54 2.23 15.23 17.05 79.74 40.62 28.02

HI (%) 23 17-32 403.41 631.77 2.61 10.30 12.89 63.85 33.06 16.96

GY 2687 412-4498 783590.97 1006514.9 197255 23.20 26.29 77.85 1608.9 42.16
TSW 195 151-263 426822.84 623863.8 248.5 24.31 29.40 68.42 1113.19 41.43
TBM 3816 784-5449 11.26 14.23 239663 14.59 16.40 79.12 6.148 26.73

0g” = Genotypic variance , ogF’ = Variance for genotype x location interaction, oce” = Error variance, oph® = Phenotypic variance , GCV(%) = Percentage of genotypic
coefficient of variation, PCV(%) = Percentage of phenotypic coefficient of variation,, (H?) (%) = Percentage of broad sense heritability, GA (5%)= absolute genetic advance at
5% selection intensity, and GAM (5%)= Percentage of genetic advance as percent of mean
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“Our findings revealed that high heritability value
was associated with high genetic advance as a
percentage of mean for grain filling period, grain
yield, thousand seed weight, and total biomass.
This means that if these traits produce a strong
positive correlation with the target trait, they can
be improved through direct selection or used as
indirect selection criteria to improve seed yield or
other traits.

The importance of considering both genetic
advance and heritability of traits in determining
how much progress can be made through
selection has been suggested” [37]. Thus,
selection based on field pea genotype
performance is possible for traits with high H2
and GAM estimates.

4. SUMMARY AND CONCLUSIONS

The purpose of this study was to determine the
degree of genetic variability in field pea grain
yield and vyield-related traits. Except for the
number of pods per plant, pod length, and
number of seeds per pod, the analysis of
variance revealed highly significant variations
(p0.01). The highest vyielding genotype (EH
010011-3) was obtained at Bekoji, indicating that
this variety has the potential to be released in the
future. Furthermore, the study revealed a high
genetic variability among the tested field pea
genotypes, which can be used in the breeding
program.

Days to 50% flowering, days to maturity, 1000
seed weight, plant height, grain filling period,
grain yield, harvest index, and total biomass had
the highest heritability. This indicates that the
genotypes' performance will be repeatable in the
next generation, making the selection program
more efficient. As a result, selecting genotypes
based on heritability would be preferable to any
other character for a breeding program. In this
study, traits with high heritability provide high
genetic advance as a percentage of mean.
Similarly, biomass, plant height, and harvest
indexes, which are highly related to grain yield,
provide high genetic advance, which can support
a positive correlated response. The study
showed the presence of genetic variability
among the genotypes that can be exploited in the
breeding program. The genetic parameter
estimated in this study should be used to design
the breeding program of field pea in the country.

Because the results were only obtained from one
location, more testing in different environments is
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required to identify the genotypes that perform
the best. Furthermore, performing multiple field
pea accessions in different environments may
reveal the genotypes' genetic potential, making it
easier to select the best traits for future field pea
breeding programs.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Duke JA. Hand book of legumes of world
economic importance. Plenums press New
York. 1981;199-265.

Asfaw Telaye, Beyene Demtsu, Tesfaye
Getachew. Genetics and breeding of field
pea.ln cool-season Food Legumes of
Ethiopia. Asfaw, T. (Ed). ICARDA. Alepo,
Syria. 1994;122-137.

Zohary D, Hopf M. Domestication of plants
in the old world: The origin and spread of
cultivated plants in West Asia, Europe and
the Nile Valley. Third Edition. Oxford
University Press Inc. New York; 2002.
Dawit Tadasse, Asfaw Telaye, Geletu
Bejiga. Genetic resource in Ethiopia, In:
Asfaw Tlaye, Geletu Bejiga, Saxena, M.C.
and Solh, M.B. (eds), cool season food
legume of Ethiopia. Proceeding of the first
national cool season legume review
conference, 16-20 December 1993, Addis
Ababa Ethiopia, ICARDA, Syria. 1994;79-
96.

Hagedorn DJ. Handbook of pea diseases.
Report No. A1167. Madison, WI. University
of Wisconsin-Extension; 1991.

McPhee K. Dry pea production and
breeding, a mini-review. Food Agricultural
Environment 2003;(1):64-69.

Haddis Yirga, Dargie Tsegay.
Characterization of dekoko (Pisum sativum
var. abyssinicum) accessions by qualitative
traits in the highlands of Southern Tigray,
Ethiopia. African Journal of Plant Science.
2013;7(10):482-487.

CSA. Agricultural sample survey. Report
on area and production of major crops.
Volume I. Addis Ababa. 2019;14.

Santalla M, Amurrio JM, de Ron AM. Food
and food potential breeding value of green,
dry and vegetal pea germplasm. Canadian
Journal of Plant Science. 2001;81:601-
610.

Gemechu K, Seid A. Genetic options for
combating biotic stresses in cool- season
food legumes. Indian Journal. 2016;76(4).

10.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Sharma B. The role of plant breeding in
increasing production of pulses in tropic
and sub tropics. In: Sharama, B et al.
[eds.], Genetic Research and Education:
current trends and next fifty years, 916—
924. Indian Society of Genetics and Plant
Breeding, New Delhi, India; 1995.
Warkentin TD, Smykal P, Coyne CJ et al.
Pea. In: De Ron AM (ed). Handbook of
plant breeding: grain legumes. Springer-
Verlag: New York, NY, USA. 2015;37-83.
Van der Maesen LJG, Kaiser WJ, Marx
GA, Worede M. Genetic basis for pulse
crop improvement: collection, preservation
and genetic variation in relation to needed
traits. In: Summerfield RJ (ed). World
Crops: cool season food legumes. kluwer
academic publishers: Boston, MA, USA.
1988;55-66.

Gemechu Keneni. Genetic potential and
limitations of Ethiopian chickpea (Cicer
arietinum L.) germplasm for improving
attributes of symbiotic nitrogen fixation,
phosphorus uptake and use efficiency,
and adzuki bean beetle (Callosobruchus
chinensis L.) resistance. PhD Thesis,
Addis Ababa University. Addis Ababa,
Ethiopia. 2012;292.

Smykal P, Kenicer G, Flavell AJ et al.
Phylogeny, phylogeography and genetic
diversity of the Pisum genus. Plant Genet
Resour. 2011;9:4-18.

Arunachalam V, Bandyopadhyay A. Limits
of genetic divergence for occurrence of
heterosis-experimental evidence from crop
plants. Indian J. Genet. 1984;44548554.
Reddy PS. Genetics, breeding and
varieties. In: Reddy P.S.(eds.),groundnut.
Publication and information division, Indian
Council of Agricultural Research Krishi
Anusandhan Bhavan, Pusa New Delhi.
1988;200-317.

Singh BD. Plant breeding: principles and
methods Kalyani Publishers New Delhi;
1990.

Wallace DH, Yan W. Plant breeding and
whole-system crop physiology: Improving
crop maturity, adaptation and yield
University Press Cambridge UK; 1998.
Chahal GS, Gosal SS. Principles and
procedures of plant breeding:
biotechnological and conventional
approaches. 2002;978-81-7319-374-3.
Shiferaw D, Diriba S, Chemeda F,
Mohammed Y. Integrated management of
faba bean chocolate spot (Botrytis Fabae
Sard.) through host resistance,

31

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ertiro; AJRCS, 7(4): 23-32, 2022; Article no.AJRCS.89784

intercropping and fungicide applications in
Arsi, Ethiopia. International Journal of
Scientific and Research Publications.
2018;8(5):563. ISSN 2250-3153

Kedir Yimam. Diversity analysis and
identification of promising powdery mildew
resistance genotypes in field pea (Pisum
sativumL.). American Journal of Biological
and Environmental Statistics. 2020;6(1):7-
16.

Legesse. genetic variability and
association of characters for yield and yield
components in some field pea (Pisum
Sativum L.) genotypes grown in the central
highlands of Ethiopia. MSc Thesis,
Haramaya University,Haramaya, Ethiopia,;
2015.

Habtamu S, Million F. Multivariate analysis
of some Ethiopian field pea (Pisum
sativum L.) Genotypes. International
Journal of Genetics and Molecular Biology.
2013;5(6):78-87.

Million Fikreselassie. Variability, heritability
and associations of some morpho-
agronomic traits in field pea (Pisum
sativum L.) genotypes. Pakistan Journal
of Biological Science. 2012;15(8):358-
366.

Tezera Wolabu. Genotype x Environment
interaction in field pea (Pisum sativum
L.) for yield and other traits across central
and and Southern Ethiopia. MSc Thesis,
Alemaya  University of  Agriculture,
Alemaya, Ethiopia; 2000.

Asfakun S, Aminul AKM, Golam M, Abdul
RM, KM, Jalal UA. Genetic variability in
advanced generations of vegetable pea
(Pisum sativum L.). International Journal of
Plant Breeding. 2013;7(2):124-128.
Brijendra K, Adesh Kumar, Ashutosh KS,
Roopa Lavanya G. Selection strategy for
seed yield and maturity in field pea (Pisum
sativum L. arvense). Global J. of Crop,
Soil Science and Plant Breeding.
2013;1(1):129-133.

Kumar V, et al. Expression of RCK2
MAPKAP (MAPK-activated protein kinase)
rescues yeast cells sensitivity to osmotic
stress. Microb Cell Fact. 2015;14:85.

Benti O. Comparing yield performance and
morpho-agronomic characters of landraces
and released varieties of field pea (Pisum
sativum L.) at Agarfa and Goro Woredas,
Bale Zone, Oromia Region, Ethiopia.
International Journal of Genetics and
Genomics. 2019;7(3):34-49.

DOI: 10.11648/j.ijgg.20190703.11



31.

32.

33.

34.

35.

Sorphi SPS, Yadav R, Malik S. Genetic
variability, correlations and path analysis
for seed vyield and its component
characters in pea (Pisum sativum L.). Plant
Arch. 2006;6(2):737-740.

Tamene TT. Genetic variation, heritability,
and advances from selection in elite
breeding materials of field pea (Pisum
sativum L.) Genotypes. Agri Res and Tech:
Open Access J. 2017;8(4):555744.

DOI: 10.19080/ARTOAJ.2017.08.555744
Blen W. Phenotypic diversity and mineral
contents of field pea (Pisum sativum L.).
Accessions from North Wollo and South
Tigray, and Improved /Introduction
Varieties; 2017.

Deshmukh SN, Basu MS, Reddy PS.
Genetic variability, character association
and path coefficient analysis of quantitative
traits in Virginia bunch varieties of
groundnut. Indian Journal of Agricultural
Sciences. 1986;56:515-518.

Johnson HW, Robinson HP, Comstock RE.
Estimate of genotypic and environmental

36.

37.

38.

Ertiro; AJRCS, 7(4): 23-32, 2022; Article no.AJRCS.89784

variability in soybean. Agronomy Journal.
1955a;47:314-318.
Benti O, Yohannis P. genetic variability
and association amongagronomic
characters in selected field pea (Pisum
sativum L.). Genotypes at Bale Zone,
Sinana Research Center, Oromia Region,
Ethiopia. International Journal of Genetics
and Genomics. 2017;5(6):63-75.
Burstin, Pauline Salloignon, Marianne
Chabert-Martinello, Jean-Bernard Magnin-
Robert, Mathieu Siol, Francoise Jacquin,
Aurelie  Chauveau, Caroline ] Pont,
Gregoire  Aubert, Catherine Delaitre,
Caroline Truntzer, Gerard Duc. Genetic
diversity and trait genomic prediction in a
pea diversity panel, Burstin et al. BMC
Genomics. 2015;16:105
DOI:10.1186/s12864-015-1266-1
Chandel KPS, Joshi BS. Multivariate
analysis in green-seeded pea Indian. J.
Agric. Sci. 53198200 Cousin, R. 1997.
Peas (Pisum sativum L.). Field Crops
Research. 1983;53:111-130.

© 2022 Ertiro; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/89784

32


http://dx.doi.org/10.19080/artoaj.2017.08.555744
http://creativecommons.org/licenses/by/4.0

