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KUULLEE (EH08027-2) field pea variety is an improved variety selected from eleven pipelines including standard check LAMMIIF during the trial was undertaken at
three test locations (Gedo, Shambu, and Arjo) in randomized Complete Block Design with three replications. The study was conducted with the objectives of releasing a
variety that is high yield, disease resistant, and stable than the other competent genotypes from 2016-2020 for five consecutive years. The accessions originated first from
the Field Pea Center of Excellence (Holetta Agricultural Research Center). The new variety, KUULLEE (2795.23 kg ha) was 10.15% yield advantages over the standard
check LAMMIIF (2537.5 kg ha). KUULLEE variety is mainly used for the “SHIRO type”. The GGE revealed that EH08027-2 or KUULLEE variety is high-yielding, stable, and
moderately resistant to Blotch, Downy Mildews, and Powdery Mildews field pea disease. Therefore, the KUULLEE variety was officially released in 2021 for Western Oromia

and similar agro-ecologies.

Introduction

Field pea (Pisum sativum L.), a legume crop, belongs to the
Leguminosae family and contains a high amount of protein
including amino acids, especially lysine [1]. Field pea (Pisum
sativum L.) is one self-pollinated diploid (2n = 14, x = 7)
annual of the most important annual cool season pulse crop
and is valued as high protein food [2]. It is one of the most
important pulse crops produced in the highlands of Ethiopia
and the world by smallholder farmers. Due to field peas are
rich in protein, significantly used as animal meat products
in most developing countries including Ethiopia, and also
used in the cropping systems for soil fertility improvement
[3]. In the 2017/2018 cropping season, 220,508.39 ha of land
was covered with field peas, and the annual production was
estimated at 3,685,190.65 quintals in Ethiopia [4]. Because of
filed pea production limiting factors in the world and Ethiopia,
like the use of the local variety, disease, aphids, lodging,
and shattering, the reported average yield in T ha was 1.9
T hain the world [5] and 0.85 in Ethiopia [6] respectively.
In Ethiopia, the annual consumption of pea seeds per person

is estimated at 6-7kg. Main dishes include ‘shiro wot’ (split
pea seeds ground and made into stew), mainly not dissected
but rather disintegrated to the powder and sweets, and Snacks
include ‘eshet’ (fresh green field pea seeds eaten either raw
or roasted), ‘nifro’ (boiled dry or fresh green pea seeds) and
‘endushdush’ (seeds soaked first and then roasted). In local
markets, grey-colored field pea seeds are preferred for ‘shiro’
making [4]. Bako Agricultural Research Center released one
‘Shiro’ type field pea variety called LAMMIIF in 2017; and this
year, (2021) KUULLEE variety will be registered as the second
Shiro type field pea variety with Bako Agricultural Research
Center as a maintainer.

Materials and methods
Description of study areas

The experiment was carried out in three field pea-growing
environments during the 2018 and 2019 main cropping seasons
in Ethiopia. The environments were as follows: Shambu, Gedo,
and Arjo (Figure 1). The test environments were selected based
on the representativeness of field pea-producing environments.
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Figure 1: Map of Study Location.

These six locations represent different agro-ecologies of field
pea-growing areas in Ethiopia and descriptions of the areas are
on the bellow map.

Experimental materials and design

Ethiopian field pea landraces collected from the Holeta
Agricultural Research Center were evaluated along with check
LAMMIIF. The best-performed Candidate Genotype (EH08027-
2) was evaluated with standard check LAMMIIF based on
yield performance and disease resistance. The experiment
was conducted using three locations and farmers’ fields on
alomxi10m area of plots. The seeds were planted on the first
week of July on settled plots with an inter-row spacing of
20 cm and 5 cm between seeds within the row. The spacing
between plots and blocks was 1m. All agronomic management
practices were carried out equally and properly as per the
recommendations. Finally the following.

Data collected

Data for plant height, number of pods per plant, and
number of seeds per pod were collected based on five sample
plants which were randomly taken from the two central rows,
and the average of five samples was used for analysis, while
days to 50% flowering, days to 90% maturity, grain yield, and
100 seed weight were collected based on the net plot.

Data analysis

Different statistical software packages were used to
analyze the data. SAS 9.2 was used for analysis of the variance
of the individual environments and combined over locations.
Various stability analyses were computed for grain yield. Mean
comparison using Duncan’s Multiple Range Test (DMRT) was
performed to explain the significant differences among the
means of genotypes and environments.

Results and discussions
Varietal origin and evaluation

The source of the KUULLEE (EH08027-2) field pea variety
was the Holetta Agricultural Research Center. KUULLEE variety
was evaluated alongside 9 field pea pipelines and one standard
check LAMMIIF for two consecutive years at the regional
Variety Trial (RVT) stage (2018 and 2019) at Arjo, Gedo, and
Shambu research stations.

Agronomic and morphological characteristics

The newly released Shiro-type field pea variety, KUULLEE
characterized by a brown irregular shape. The variety has an
average of 17.27 gm of hundred seed weight, 63.16 days to
flowering, 122.61 days to mature, and 168.53 cm of plant height.
This variety was also moderately resistant to Blotch (2.77)
and powdery and downy mildew (1.77) diseases. The detailed
description of KUULLEE variety characteristics is indicated in
Tables 1 and 2 below.

ANOVA for shiro type field pea crop varieties

Yield performance: The pooled grain yield performance of
the KUULLEE field pea variety is 2795.23 kg/ha and the variety
was mainly well performed at Gedo (3769 kg/ha) followed
by Shambu (2960.5 kg/ha) and finally 1656.2 kg/ha at Arjo;
this was primarily raised from soil fertility status difference
of the three test locations. Generally, the variety has 10.15%
yield advantages over standard check LAMMIIF. The detailed
performances of the evaluated genotypes are listed in the
following Tables 3 and 4.

Disease reaction of the candidate genotypes

Among the genotypes tested genotype (EH08027-2) is
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Table 1: Mean square from ANOVA for field pea Shiro-Type for phonology and growth
traits.

Source of
variations Days to Flowering % | Days to Maturity %| Plant Height

Loc 2 4020.954545%* 8146.00596%  1726.70470%*
Year 1 0.045455ns 165.45060%%  22381.04045%*
Trt 10 25.492929ns 13.63737+ 568.38122ns
Rep 2 32.772727s 6.68687ns 82.51833ns
Loc*Trt 20 30.798990ns 17.15707+* 522.21925ns
Trt*Rep 20 38.167172ns 17.14798%* 324.75022ns
Loc*Year*Trt 32 16.368371%* 8.30335%* 1301.51858%*
Error 110 19.81616 468182 675.3229
CV (%) 7 1.77 15.16

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant.
Abbreviations: Loc: Location; Trt: Treatment; Rep: Replication

Table 2: Mean square from ANOVA for field pea Shiro-Type for yield and its
components.

»
Source of variations

185.9000505**

76.5545960** = 31585187.62**

Year 1 11.5879293ns = 8.8244444ns = 1147477581%
Trt 10 4.3929394ns | 46.2926061*  646661.11%
Rep 2 15491414ns  4.5096990ns =~ 421110.63ns

Loc*Trt 20  4.3256061ns = 57183182ns = 421769.88ns
Trt*Rep 20  7.8096970ns = 5.4496212ns = 175550.18ns
Loc*Year*Trt 32 11.3187626%  9.4221528%  793029.63%*
Error 4.990374 3.735404 302861.3
CV (%) 23 9.87 21

Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant.
Abbreviations: Loc: Location; Trt: Treatment; Rep: Replication

Table 3: Pooled Mean performance of grain yield for field Pea Shiro Type.

S e oo

EH08013-2 2106.8a 3017.1bc = 2958.3a = 2694.07 6.17
2 EH08027-1 2009.2ab = 2996.7bc = 3094.17a = 2700.00 6.4
3 EH08027-2 = 1656.2abc 3769a 2960.5a 279523 10.15
4 EH08031-1 1304.4c 2458.4c 2656a 2139.60 -15
5 EH08033-1 1671.1abc = 2679.5bc = 2919.5a = 2423.37 -4.4
6 EH08034-2 = 1802.7abc = 2735.5bc = 2507.8a = 2348.67 -7.4
7 EH04044-1 1342.9bc  3005.6bc = 3062.7a = 2470.40 2.6
8 EH04047-1 1783.2abc 2939bc 3223.7a  2648.63 4.3
9 EH06029-3 =~ 1771.1abc = 2891.9bc = 2797.6a  2486.87 -1.9
10 EH06032-3 2121a 3241.8ab = 2623.4a  2662.07 4.9
11 LAMMIIF 1598abc 3327.7ab 2687a 2537.5 0
Grand Means 1742.4 3005.7 2862.8 2536.9
Sig.Lev. * il Ns *
CV (%) 22 18 20 21

Note: Values followed by the same letter within a column are not significantly
different at p < 0.05.

Legend: GYLD: Grain Yield (kg/ha); Y. Adv.: Yield Advantage over check (%)

Means followed by the same letter within a column are not significantly different at
p < 0.05 level according to Duncan's Multiple Range Test.

Sig.Lev: Significance Level; CV: Coefficient of Variation; ns: not significant; *:
significant at p<0.05; **: significant at p < 0.01

This legend explains that the letters 'a', 'b', 'c', etc. are used to denote statistical
significance. Entries with the same letter in a column are not significantly different
from each other, while those with different letters are significantly different.

Table 4: Over years & Locations Pooled Mean performance for some characters of
Field pea Shiro Type.

m Genotypes |Days to Flowering |Days to Maturity | Plant Height mm

EH08013-2 64.11 122.16 1771 9.63 19.1
2 EH08027-1 63.27 121.61 171.65 9.7 18.23
3 EH08027-2 63.16 122.61 168.53 10.18 17.27
4 EH08031-1 62.94 122.55 179.61 9.27 226
5 EHO08033-1 63.38 121.33 17417 9.92 19.56
6 EH08034-2 61.16 121.77 168.29 10.27 17.74
7 EH04044-1 62.72 121.44 179.67 9.31 20.7
8 EH04047-1 63.44 123.11 163.33 10.22 20.66
9 EH06029-3 61.55 120.16 170.05 9.17 18.41
0 EHO06032-3 60.66 120.83 166.86 10.06 20.03
11 LAMMIIF 64.38 121.00 165.54 8.8  20.95
Grand Means 62.8 121.69 171.35 9.68 19.57
LSD 2.94 1.42 17.167 147  1.27
Sig.Lev. * * Ns * el
CV (%) 7 1.77 15.16 23 987

Abbreviations: NPPP: Number of Pods Per Plant, HSW: Hundred Seed Weight

Table 5: Pooled means of field pea Shiro-type diseases scored in the 2019 cropping
season on a 1-9 scale for Gedo, Shambu, and Arjo Locations.

Field Pea Diseases
Downy Mildews Powdery Mildews m

1 EHO08013-2 1.88 1.55 2.22
2 EH08027-1 2 1.44 2.55
3 EH08027-2 1.77 1.77 277
4 EH08031-1 1.88 1.22 2.33
5 EH08033-1 2.44 1.88 2.88
6 EH08034-2 2.22 1.66 2.55
7 EH04044-1 1.88 1.33 2.88
8 EH04047-1 2.11 1.44 277
9 EH06029-3 1.55 1.44 2.88
10 EH06032-3 2 1.66 2.33
11 LAMMIIF (Check) 1.55 1.33 2.55
Grand mean 1.93 1.52 2.6

CV (%) 17 18 16
LSD (5%) 0.64 0.53 0.65

F - value Ns Ns Ns

"Disease scoring scale: 1-9, where 1 = highly resistant and 9 = highly susceptible"

moderately resistant to Blotch (2.77) and powdery and downy
mildews (1.77) diseases Reaction of Major Diseases (Table 5).

GGE-Biplot analysis

The ranking of genotypes based on yield and stability:
The GGE-biplot analysis of Shiro-type field pea-tested
varieties showed that, four genotypes: EH08027-2, EH08027-
1, EH08013-2, and EH04047-1 have better yield performance
than the standard check, LAMMIIF with 2795.25 (10.15%), 2700
(6.4%), 2694.07 (6.17%) and 2648.63 (4.3%) in both kg ha~
and percentage respectively. Both PC1 and PC2 were separated
based on their scores for eleven Shiro-type field pea-tested
varieties in the study area (Figure 2).

The primary use of the GGE-biplot is grading the tested
genotypes for thelocations. PC1indicated the mean performance
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of the varieties while PC2 indicated the G X E associated with
each genotype which is the measure of stability or instability
[7,8]. Genotypes having PC1 > 0 were recognized as high yielding
while those genotypes having PC1 score < 0 were identified as
low yielding, [9]. A KUULLEE variety (EH8027-2) or treatment
3 is more stable than other tested field pea varieties and gives
higher yield and environment The 2018 season is the best year
for the production of field pea crops (Table 6).

The grain yield stability of the 11 treatments was evaluated
across three environments for two consecutive years. The result
revealed that the EH08027-2 candidate variety was placed
nearest to the first circle of the GGE biplot of the diagram
than standard check LAMMIIF and other tested genotypes.
This showed that the EH08027-2 candidate variety had better
stability and high yielder than LAMMIIF and the rest of the
genotypes. The stability and GGE-biplot diagrams are sketched
below (Figure 2).

Conclusion

Classification of field pea varieties depends on the purpose
of utilization is very useful to boost the satisfaction of the users
in one or another case on the same commodity. The KUULLEE
field pea variety was widely adapted, and stable and showed
higher yield performance than the standard check and the
other tested pipeline field pea genotypes. Generally, GGE biplot
analysis results revealed that KUULLEE (EH08027-2) is a stable
and high-yielding (2795.25 kg ha ) field pea variety with
10.15% yield advantage over the best standard check, LAMMIIF
(2537.5 kg ha* ) and also tolerant to major diseases. Therefore,
it was officially released for wider production in west Oromia
and areas with similar agro-ecologies.

Comparison biplot (Total - 62.42%)

r rd o g . ———

Table 6: Agronomic and morphological characteristics of the KUULLEE Field pea variety.

Agronomic & morphological

2
Characters

2.1.Adaption area:

> Altitude( ma.s.|
> Rainfall (mm)

2.2. Fertilizer rate (kg/ha):
> NPS
2.3.Planting date
2.4. Seed rate (kg/ha)
2.5.Spacing (cm)

2.6. Days to flowering
2.7. Days to maturity
2.8.Plant height (cm)
2.9. No. of pods per plant
2.10.Seed shape and character
2.11.Seed color
2.12. Cotyledon color
2.13 Flower color
2.14.100 seed weight (g)
2.15.Crop pest reactions
2.16.Yield (gt/ha)

- Research field

- Farmers field

w

Year of release

4 Breeder seed maintainer
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