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Abstract: Field pea is a multipurpose crop. Despite its diverse benefits, its production
and productivity in Ethiopia has remained low compared to its potential due to several
biotic and abiotic constraints. Hence, this experiment was carried out with the objective
to select best field pea genotypes in terms of yield potential, stability, pest resistance and
other desirable agronomic traits for high potential production areas of the country. A total
of 17 field pea genotypes including two standard checks, Burkitu and Bursa were arranged
in a randomized complete block design with four replications over nine locations in 2019
and 2020 main cropping seasons. The computed analysis of variance showed highly
significant differences (p < 0.01) among the genotypes for all studied agronomic traits.
One field pea genotype, GPHA-38 found better having 4 and 5%grain yield advantage
over the two checks, Bursa and Burkitu, respectively. Additionally, GPHA-38 had
comparable performance on the other agronomic traits with standard checks. Moreover,
this genotype was found stable in grain yield among the test entries based on GGE biplot
stability analysis. However, this genotype may not fulfill the criteria to present as
candidate for variety verification trial due to low grain yield advantage and other
agronomic traits compared with the checks. Therefore, considering its consistent
performance and relatively better yielding capacity, the line GPHA-38 can alternatively
be used as a trait donor parent in the pre-breeding programs.
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INTRODUCTION

Field pea (Pisum sativum L.) was a model
organism used to discover the laws of inheritance in
Mendel’s experiment, making the foundation of modern
plant genetics (Smykal et al., 2012). It is belongs to the
Leguminosae family, Genus; Pisum, subfamily;
Faboideae, tribe; Fabeae. The area of origin and initial
domestication of the crop were in the Mediterranean
region, particularly in the Middle East (Hagedorn, 1984).
In Ethiopia, two botanical cultivars are known to grow,
namely P. sativum var Sativum and the native P. sativum
var Abyssinicum, (Westphal, 1974). The country has a
wide range of field pea germplasm as a result considered
as one of the secondary centers of genetic diversity for
this crop (Gemechu et al., 2012).

Field pea is an ancient pulse crop grown mainly
for human food in Ethiopia (Kefyalew et al., 2017). It is
called as "hunger break" crop in highlands of Ethiopia
(Asfaw et al., 1997). Also it plays important economic
and ecological roles for sustainability of the farming

system. It has double advantage in terms of fixing
atmospheric nitrogen and a "break crop" to diseases and
pests when rotated with cereals and other crops where
mono cropping is dominantly practiced (Gemechu et al.,
2016). Therefore, the role of pulses in general and field
pea in particular as soil fertility restoration in
maintaining the sustainability of the farming system is
enormous and cost-effective given the alarming price of
commercial fertilizers in Ethiopia.

In Ethiopia, the current annual national
production of field pea is estimated to 223,657 hectares
with a total production of 390,564 tons and average
productivity of 1.7 tons per hectare and sharing 14% and
13% in area coverage and production of the total pulses,
respectively (CSA, 2019/20). Ethiopia is one of leading
producer of field pea in Africa as dry seed, while Canada
and China are the largest producers in the world
(FAOSTAT, 2017). However, the productivity of the
crop is far below its potential due several yield limiting
factors.
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Since the beginning of formal research, the
national field pea improvement program has made
enormous efforts in terms of varietal development using
genetic materials of different sources mainly from
collections, introductions and hybridization. So far, the
program has made list of major achievements and
released19improved varieties with their full production
packages. The national and regional field pea variety
trials were implemented in the breeding program in the
national research system since the establishment of
formal research system in Ethiopia. However, due to the
existing biotic and abiotic constraints, there is an
increasing demand for more improved varieties
adaptable to the challenging growing conditions. In
addition to that, many of so far released cultivars are
becoming obsolete and gradually being out of
production. The variety development process needs to
continue with novel approaches of the modern genomic
tools. Hence, in the course of new variety development,
important attention should be given to the key economic
traits like increased grain yield, large seed size, resistant

to major diseases (Ascochyta blight and powdery
mildew) and insect pests (field and storage). To this
effect, identifying best performing and stable genotypes
in grain yield and other important agronomic traits isa
prerequisite to develop adaptive field pea genotypes for
wider environmental conditions. Therefore, this
experiment were conducted with the objective to select
field pea genotypes combining desirable agronomic traits
(high yield and disease resistance) for potential growing
areas of the Ethiopia.

MATERIALS AND METHODS
Planting Materials and Testing Locations

A total of 17 field pea genotypes involving both
kik and shiro types were evaluated along with two
standard checks, Burkitu and Bursa (Table 1). The
genotypes were evaluated across nine locations Viz.
Adet, Areka, Asasa, Bekoji, Dabat, Holetta, Jeldu,
Kulumsa and Sinana for two consecutive years during
2019 and 2020 main cropping seasons.

Table 1: Description of 17 field pea genotypes used in the study

No. | Genotype Code | Status Type | Source

1 EH 09029-3 | G1 Pipeline Kiki | Hybridization
2 GPHA-5 G2 Pipeline Kiki | Gene pool

3 EH 011019-1 | G3 Pipeline Shiro | Hybridization
4 GPHA-13 G4 Pipeline Kiki | Gene pool

5 Burkitu* G5 Released (2008') | Kiki | Hybridization
6 EH 011028-1 | G6 Pipeline Kiki | Hybridization
7 EH 011025-3 | G7 Pipeline Shiro | Hybridization
8 GPHA-2 G8 Pipeline Kiki | Gene pool

9 EH 011027-5 | G9 Pipeline Shiro | Hybridization
10 | GPHA-22 G10 | Pipeline Kiki | Gene pool

11 | EH09016-1 | G11 | Pipeline Shiro | Hybridization
12 | EH 011027-4 | G12 | Pipeline Shiro | Hybridization
13 | GPHA-20 G13 | Pipeline Kiki | Gene pool

14 | GPHA-41 G14 | Pipeline Shiro | Gene pool

15 | Bursa* G15 | Released (2015?) | Shiro | Hybridization
16 | GPHA-38 G16 | Pipeline Kiki | Gene pool

17 | EH 011020-2 | G17 | Pipeline Kiki | Hybridization

* Standard checks:® 2Year of release

Experimental Layout and Design

The genotypes were arranged in a randomized
complete block design (RCBD) with four replications.
Each genotype was planted in 4 rows of 4 m plot length
with inter and intra row spacing of 20 and5 cm,
respectively. A recommended rate of NPS fertilizer (121
kgha) was applied during planting. Weeding and other
management practices were carried out as per the
national recommendations for field pea uniformly to all
plots.

Data Collection and Analysis

Data for all agronomic traits were recorded on
plot and plant base from 5 (five) randomly sampled
plants. Accordingly, days to 50% flowering, days to 90%
physiological maturity, Disease (Ascochyta blight and

powdery mildew) scoring (1-9 scale) and grain yield
were taken from the entire plot. Traits like plant height,
number of pods per plant and number of seeds per pod
were recorded on plant basis. Thousand seeds weight
was measured from randomly selected 1000 seeds from
each plot. Grain yield data adjustments were made by
weighing the oven drying and adjusting to a constant
moisture level of pulses (10%). For statistical analysis,
the average of five sample plants were used and grain
yield recorded on a plot basis was converted to kg ha™.

Data of all traits were subjected to analysis of
variance for RCBD as per the procedure of Gomez and
Gomez (1984) using SAS software version 9.3 statistical
software package (SAS Institute, 2012). For combined
analysis of variance, variance homogeneity test was done
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using SAS the PROC GLM (General Linear Model)
procedure to partition the total variation into components
due to genotype (G), environment (E) and G x E
interaction effects. Mean separation at 5% probability
level was done using least significant difference (LSD),
based on significant genotype differences. The total
variability for the traits was quantified using pooled
analyses of variance across environments using the
following model:

Yik =p + Gi+ Ej + GEjj + By + eiik

Where Yij is an observed value of genotype iin
block ¢ of environment j; 4 is a grand mean; G; is effect
of genotype;; Ejis an environmental effect; GEijis the
interaction effect of genotype ; with environment j; Bygis
the effect of block « in environment; eijis an error effect
of genotypeiin block  of environment ;.

RESULTS AND DISCUSSION
Agronomic Performances

The combined analysis of variance for grain
yield of the 17 field pea genotypes tested across 14
environments is presented in Table 2 and other
agronomic traits in Table 3. The overall analysis of
variance for 9 traits acrossl4 environments showed a
highly significant (p < 0.01) variation among the
17tested genotypes for all evaluated traits (DTF, DTM,
PHT, PPP, SPP, AB, PM, TSW and GYLD) across
locations and year (Tables 2and 3) indicating that the
environmental factors were highly contributed for the
variation. Similarly, significant variation forDTF, DTM,
PPP, SPP and PHT were reported across locations and
years (Mulusew et al., 2010).

The mean grain yield of genotypes across
environments ranged from 2160kg ha' for genotype
EH011025-3 to 3109kg ha'for GPHA-38 followed by
2973 and 2962 kg ha'* for the standard checks Bursa and
Burkitu, respectively. The mean grain vyields of

environments were ranged from lowest 1546 kg ha™ at
Asasa 2020 to the highest 4582 kg ha* at Sinana 2020
with an overall genotype and environmental mean of
2718kg hal (Table 3). The maximum grain yield 5621
kg ha' were recorded for genotype GPHA-38 followed
by 5610 kg ha for GPHA-13 at Sinana 2020whereas
the minimum grain yield recorded from 1018 kg hafor
genotype EH011025-3at Adet 2019 (Table 3). Likewise,
Sinana was reported as the best yielding environment for
field pea (Mulusew et al., 2010).The smallest yield range
was obtained from EH011025-3 (2530 kg ha*) followed
by GPHA-20 (2538 kg ha™') indicating their consistently
low grain vyield performance across the 14 test
environments (Table 3).The standard check Burkitu
ranked first in four of the 14 environments (Areka 2019,
Asasa 2020, Dabat 2019 and Kulumsa 2019) and Bursa
ranked first at three environments (Areka 2020, Dabat
2020 and Sinana 2019). Likewise, one best-performing
pipeline genotypeGPHA-38 ranked first at Jeldu 2019
and Sinana 2019. GPHA-38 had the top grain yield of
5621 kg halat Sinana 2020(the highest vyielding
environment); whereas the standard check Burkitu gave
the highest yield of 2279 kg halin the least-yielding
environment (Asasa 2020) (Table 3). The ranks order of
genotypes changed across the test environments.
Previously Tamene et al., (2015) stated the differential
rank order change of genotypes in different
environments implied the genotype x environment
interaction effect was of the crossover type.

Overall, among the 15 field pea pipelines
genotypes, GPHA-38 showed better performance having
grain yield advantage of 4% and 5% over Bursa and
Burkitu, respectively. Additionally, this genotype
recorded about 4% more TSW advantage than Bursa and
comparable with Burkitu. On the other hand, more than
50% of the tested genotypes were performed better than
the grand mean value on major economic traits (GYLD
and TSW) across locations and over seasons (Tables 2
and 3).

Table 2: Combined mean performance of agronomic traits of 17 field pea genotypes tested across 14 environments
in the national variety trial during 2019 to 2020 main crop seasons

No | Genotype Traits
DTF | DTM | PHT(cm) | PPP SPP | AB (1-9) | PM(1-9) | TSW(q)

1 | EH09029-3 | 67% | 134% | 161" 11.5% | 3.7%9 | 4.5 5.13¢ 1931
2 | GPHA-5 659" | 131" | 153% 11.4%¢ | 4,03 | 4,70 4.5¢ 198°f
3 | EH011019-1 | 689 | 133%f | 154ce 10.3% | 3.8°F | 4.9% 5.180¢ 208¢
4 | GPHA-13 66" | 132" | 150° 11.5% | 3.8°F | 4.6™ 4.5¢ 1879
5 | Burkitu 66°" | 132" | 142f 10.9%¢ | 3.9%9 | 4.4¢ 4.7% 196°f
6 | EH011028-1 | 68¢ | 135 | 157°* 11.2%¢ | 3.6M | 4.4 5.18b¢ 212
7 | EH011025-3 | 73* | 136* | 162° 10.1¢ | 3.8°F | 4.6 5.3% 220P
8 | GPHA-2 679 | 1329" | 153% 10.7°¢ | 3.6 | 4.72¢ 4.4° 195°f
9 | EH011027-5 | 68¢ | 133% | 161" 11.2%¢ | 3.9%d | 4.72¢ 4.6% 178’
10 | GPHA-22 66" | 132f" | 157°¢ 11.4%c | 3.8>F | 4.5 4.5¢ 218
11 | EH09016-1 | 73* | 134" | 162° 11.3%9 | 4.0 | 4.4 5.18b¢ 162
12 | EH 011027-4 | 71° | 133%f | 161" 10.8%¢ | 422 | 4.7%¢ 4,9% 201°
13 | GPHA-20 68¢ | 134° | 162° 11.3%°¢ | 359 | 4.6™ 4,9 2478
14 | GPHA-41 67% | 135" | 170? 10.3% | 4.0* | 4.5@ 4.8% 175
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No | Genotype Traits
DTF | DTM | PHT(cm) | PPP SPP | AB (1-9) | PM(1-9) | TSW(qg)
15 | Bursa 64" | 133°% | 1580« 11.7% | 3.8 | 512 5.4° 186"
16 | GPHA-38 67% | 132" | 156°¢ 10.8>9 | 3.8>F | 4.8%¢ 4.6% 1949
17 | EH 011020-2 | 69°¢ | 133¢F | 159°« 11.9% | 3.9°¢ | 4,50 4,7% 1949
Mean 68 133 157 11 3.8 4.6 4.8 198
CV (%) 43 |22 12.2 27.7 17.8 | 18.0 17.2 8.4
LSD (5%) 1.1 |12 7.8 1.2 025 | 04 0.5 7.2

DTF (days to 50% flowering), DTM (days to
90% physiological maturity), AB (Ascochyta blight),
PM (powdery mildew), PHT (plant height), PPP (number

of pod per plant), SPP (number of seeds per pod), TSW
(thousand seeds weight),

difference at P = 0.05).

LSD (least significant

Table 3: Mean grain yield (kg ha) of 17 field pea genotypes tested across 14 environments in the national variety

trial during 2019 to 2020 main crop season
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E (Environment), GYLD: grain yield (kg ha),

Grain Yield Stability

A polygon view of the GGE Biplot resulted
vertex genotypes that have either positive or negative
grain yield. Accordingly, seven vertex genotypes were
identified with both positive and high yielding (G4, G10,
G14 and G16) and negative or low yielding (G7, G8 and
G11) genotypes based on PCAl scores. Vertex
genotypes perform either the best or the poorest in one or
more environments (Figurel). As stated by Asnakech et
al., (2017) the best genotype at one environment may not
perform best at another environment if the environments
fell in different sectors of the polygon. Likewise, the
environments fell in four different sectors of the polygon
view.The genotypes G4, G10, G11, G14 and G16 were
the best performers in environments with that sectors
where as G7 and G8 fell in sectors with no environment
markers. The genotype G16 (GPHA-38) performed best
in most of the test environments (Figure 1). Furthermore,
genotypes fell within the polygon were less responsive
than the vertex genotypes for the interaction. PC1 and
PC2 accounted 57.47% of the total PCs variation of grain
yield over 14 environments showing that it was not
sufficiently explained the GGE (Figure 1). According to
Yan et al, (2010) if the GGE is sufficiently
approximated by PC1 and PC2, genotypes at the apex of

LSD (least significant difference at P = 0.05)

each sector performs best at environments included in
that sector. Accordingly, the performance of vertex
genotypes may not be best in the environments they fell.
Therefore, genotypes with environmental markers can be
recommended for those specific environments.
However, stability of the genotypes across environments
should first be considered as wider adaptable genotypes
are preferred in crop breeding than specifically adapted
once.

According to Yan (2001), environments with
large PC1 scores have better discriminative power
among the genotypes, and those with PC2 scores near
zero are more representative of an average environment.
Accordingly, E4, E13 and E14 had larger PC1 scores and
well discriminated the genotypes and E4 found as an
ideal environment. Genotypes G15 and G16 were high
yielding genotypes with high PC1 while genotypes G3,
G7, G8 and G13 were with large negative PC1 scores and
they were low yielding genotypes. Pipeline genotypes
with relatively low PC2 scores and above average grain
yield such as G16 and G17showed relatively better
stability, and can thus be considered for wider
adaptability in the potential growing environments
(Figure 1).
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Figure 1: GGE-Biplot showing environments (E1-E14 indicated in Table 3), and their respective field pea
genotypes (G1-G17 indicated in Table 1)

The GGE biplot compares the ‘ideal genotype’ stable (Yan and Kang, 2002). Accordingly, genotypes
with 15 other field pea genotypes shown in Figure 2. The G15 and G16 were closest to the hypothetical ideal
small circle located on the average environment genotype and they are the most desirable of all
coordinate (AEC) abscissa and with an arrow pointing to genotypes. Since G15 (Bursa) is a standard check, it can
it, represents the ideal genotype. The ideal genotype has be considered as an ideal genotype to which other test
the highest yield of the entire dataset and is the most genotypes compared.

o
g E14
= G17E2E
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g o o2 T GRS B4
% 5'15-%165
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=
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I I
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Figure 2: GGE biplot ranking of 17 field pea genotypes with ideal genotype, Bursa; G1-G17 islists of genotypes
indicated in Table 1; E1-E14 is list of environments indicated in Table 3

Genotypes with short vector length from the the contrasting direction. Accordingly, G5, G15, G16
horizontal line were stable and with long vector length in and G9 proved as stable genotypes (Figure 3). Likewise,
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earlier reports indicated that genotypes with greater
absolute length projection are less stable and those with
shorter absolute length are more stable (Fekadu et al.,
2012; Asnakech et al., 2017). The A line separates
genotypes with grain yield below and above the mean.
Those genotypes to the right of this line were high

yielders while those to the left were low yielders. The
single-arrow on the horizontal line (AEC) points to
higher mean yield indicating G16 had the highest yield
while G7 is the poorest genotype for grain yield (Figure
3).
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Figure 3: Mean yield performance and stability of genotypes (G1-G17 listed in Table 1) over environments (E1-
E14 listed in Table 3)

CONCLUSIONS

The evaluation made from the breeding
materials are either directly used for development of new
varieties or utilized as parent materials to transfer their
valuable genetic attributes in the locally adapted field pea
varieties via crossing. In the present study, one genotype
GPHA-38 recorded significantly better grain yield and
comparable thousand seeds weight as compared to the
two standard checks, Burkitu and Bursa. Additionally,
this genotype showed more stable response based on the
GGE biplot analysis. Hence, with its better overall
agronomical performance and grain yield stability,
GPHA-38 can be used as trait donor parent for grain
yield improvement in the future breeding program.
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