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Abstract - Understanding genotype-by-environment 
interaction (GEI) is essential for sustainable agricultural 
production and food security. This study assessed GEI 
and yield stability in 21 mung bean (Vigna radiata) 
accessions across seven Nigerian locations during 
the 2023 rainy season using genotype plus genotype 
by environment (GGE) biplot analysis. A randomized 
complete block design with three replicates was employed 
to evaluate agro-morphological traits such as grain 
yield, plant height, flowering, and pod characteristics. 
Environmental factors significantly influenced grain 
yield, accounting for 28.75% of the variation, while 
genotype and GEI effects explained 4.31% and 17.88%, 
respectively. Principal component analysis revealed 
that the first two axes explained 72.25% of total 
variation, with PC1 and PC2 accounting for 60.20% 
and 12.05% of the variation, respectively. Ballah was 
identified as the most favorable environment due to 
high-yielding potential in mung bean accessions, and 
Tvr-5 emerged as the most stable and high-yielding 
genotype, particularly excelling in the southern guinea 
savanna. Variability in plant height, pod number, and 
grain yield across environments highlighted the need 
for breeding strategies targeting both broad and specific 
adaptability. Tvr-58, Tvr-5, and Tvr-8 were identified 
to exhibit stability with high yield and are therefore 
recommended for cultivation and breeding programs.
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Abstract - Groundnut (Arachis hypogaea L.) is a key 
oilseed and food crop in Ethiopia, but productivity 
remains below potential due to low-yielding varieties, 
suboptimal management, and environmental stresses. 
This study evaluated the performance of improved 
groundnut varieties in terms of phenology, growth, 
and yield traits to identify promising genotypes for 
northwestern Ethiopia. Field experiments were 
conducted in Fogera District during the 2022 and 2023 
main cropping seasons using a randomized complete 
block design with three replications. Data on 
phenological, growth, and yield traits were analyzed 
using combined ANOVA, correlation analysis, and 
mean performance comparisons. Significant variation 
(P ≤ 0.01) was observed among varieties for most 
traits, including days to maturity, plant height, 
number of primary branches, seeds per pod, biomass 
yield, pod yield, harvest index, unshelled yield, and 
hundred-grain weight, while shelling percentage 
showed a non-significant difference. Pod yield ranged 
from 1,208.7 kg ha⁻¹ (Senaf) to 3,221.6 kg ha⁻¹ 
(Werer961), with Babile4 and BaHaGudo also showing 
above-average yields combined with high biomass. 
Harvest index varied from 28.1% (Bulki01) to 59.1% 
(Babile 4). Correlation analysis indicated that days to 
maturity were positively associated with plant height 
and biomass yield but negatively correlated with 
harvest index, while pod yield was moderately 
correlated with harvest index and strongly with 
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1. Introduction
	 Groundnut (Arachis hypogaea L.), a 
tetraploid species (2n = 4x = 40), is an 
important global legume crop that 
originated in South America and is now 
widely cultivated in tropical and 
subtropical regions (Radhakrishnan et al., 
2022; Jivani, 2022). Groundnuts are grown 
on more than 28 million hectares with an 
average yield of 1.8 t ha-1, and they supply 
around 30% of the world’s edible oil and 
20% of the daily protein needs in 
underdeveloped nations (Khan et al., 
2021a; Arya et al., 2016). The major 
producers, accounting for a substantial 
portion of global output, are China, India, 
and Nigeria (Tadesse & Nepir, 2024; 
United States Department of Agriculture, 
Foreign Agricultural Service, 2024). It is 
planted on more than 87,616 hectares in 
Ethiopia, with the yielding 144,525 tons 
of pods with an average productivity of 
1.65 t ha-1 (Khan et al., 2021a; Tadesse & 
Nepir, 2024). 
	 Groundnut is a significant food and 
oilseed crop in Ethiopia that is mostly 
grown in lowland regions under rain-fed 
conditions. It is rich in minerals needed 
to form bones due to the presence of 
calcium, magnesium, and phosphorus, 
and also very good for human health and 
would probably prevent high blood 
pressure because the sodium-potassium 
ratio is less than one, which is very 
important in the body for the prevention 
of high blood pressure (Desire et al., 2021; 
Galani et al., 2022). Despite its importance, 
the potential yield of improved varieties 
(>2.5 t ha-1) and national groundnut 
production still differ by more than 0.85 t 
ha-1. This discrepancy demonstrates how 
productivity could be raised by employing 

unshelled yield. The study revealed substantial genetic variability and identified 
Werer961, Babile2, and Derib as promising varieties for improving groundnut 
productivity in northwestern Ethiopia.

Keywords: 	Groundnut, pod yield, yield-related traits, genetic variability, adaptability

high-yielding varieties and better agronomic 
practices.
	 To overcome these limitations, a 
study on the adaptation of groundnut 
varieties was carried out in the Fogera 
district, northwest Ethiopia. The performance 
and adaptability of improved groundnut 
varieties under regional environmental 
circumstances are assessed through field 
trials. Ethiopian groundnut productivity 
is limited by a number of variables. These 
include the widespread use of low-yielding 
varieties, restricted availability to high-
quality seeds, suboptimal agronomic 
techniques, and vulnerability to both 
biotic (diseases and insect pests) and 
abiotic (drought, irregular rainfall, and 
extreme temperatures) (Tadesse & Nepir, 
2024; Mesfin et al., 2016).
	 Additionally, farmers lack knowledge 
about the benefits of modern management 
practices and better varieties. These 
variables need to be addressed to ensure 
sustainable groundnut production and 
close the productivity gap (Tadesse & 
Nepir, 2024; Gelaye & Luo, 2024; Sime, 
2018). To overcome these constraints, 
focused research is required to evaluate 
stable and productive groundnut varieties 
in Ethiopia’s distinct agro-ecological 
zones (Wondaferew et al., 2024; Abady et 
al., 2019b). Therefore, the objective of this 
study was to evaluate enhanced 
groundnut varieties’ growth, yield, and 
adaptation in the Fogera district, 
northwest Ethiopia. It is anticipated that 
the results would help to identify and 
suggest varieties that enhance food 
security, increase productivity, and improve 
smallholder farmers’ lives in Ethiopia’s 
appropriate production zones.
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2. Materials and methods
2.1 Description of experimental site
	 The experiment was conducted at 
Fogera district, northwestern Ethiopia, 

for two consecutive cropping seasons, 
2022 and 2023. The description of the 
experimental location is presented in 
Table 1.

Table 1.  Description of the experimental locations.

Location Altitude 
(m. a. s. l)

Geographical 
Location

Geographical 
Location

weather 
data

weather data Soil type

Latitude Longitude Rainfall 
(mm)

Temperature 
(0C)

Black clay soil

Fogera district 1806.4 110 56 59 0N 37 34 59 0E 1730 21.6 Black clay soil

Note: Source = Climatic and edaphic information was obtained from their respective Fogera district 
administrative office.

Figure 1. Mapping of the study area.

2.2 Experimental materials 
	 The planting materials were initially 
obtained from Haramaya University, 

Ethiopia. Wondaferew et al. (2024) 
evaluated groundnut varieties, which are 
presented in Table 2. 
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Table 2.	 Released groundnut varieties used for field evaluation.

Variety Pedigree Productivity in the
research area (ton/ha)

Released center 

Babile1 ICGV-98412 2.4 HU 

Roba ICG-7794 6.8 WARC

Senaf ICG-9097 1.7-2.4 BARC

Shulamit NA 5.8 ARC/EIAR

Werer961 ICGV-87108 5.5 WARC

Babile2 ICGV-98404 2.002 HU, PARC and WARC

Babile4 ICGV-95469 1.86 PARC

Babile5 ICG67XBIG SEED 2.1 HU

BaHa Gudo ICGV-88357 1.97 HU

BaHa Jidu NC-AC-2748 X CHIO 2.02 HU

Bulki01 ICGV-88424 6.5 WARC

Derib ICGV-97164 2.2 Assosa and Pawe ARC

Milkaye PI-158850 2.2 MARC

Note: Source: Ethiopian Agriculture Authority (2022), and the Amara Regional Research Office (ARAR) 
and Ethiopian Institute of Agricultural Research (EIAR). Where: Alt: altitude, m. a. s. l: meter above sea 
level, RF: rainfall, long: Longitude, lati: Latitude, NA=not available, WARC= Werer agricultural research 
center, HU=Haromaya university and MARC=Mechera agricultural research center.

2.3 Experimental design and crop 
management
	 The experiment was laid out in a 
randomized complete block design 
(RCBD) with three replications. Each 
groundnut variety was planted in five 
rows, each 2 m in length, with a spacing 
of 60 cm between rows and 10 cm between 
planting holes. Two seeds were sown per 
hole and later thinned to one plant per 
hole two weeks after emergence. The 
gross plot size was 6 m², while the net 
harvested plot area was 3.6 m², consisting 
of the three central rows, each measuring 
2 m in length, to minimize border effects. 
Weeding was carried out manually twice 
per growing season. All other agronomic 
practices, including planting, fertilizer 
application, and crop protection measures, 
were conducted in accordance with the 
recommendations of the Ethiopian 
National Agricultural Research System.

2.4 Data collection and trait measurement
	 Data were collected on both plot- and 
plant-basis for ten agronomic and yield-
related traits. Plot-based data were 
recorded from all plants grown in the 
central rows of each plot, excluding one 
border row on each side to minimize 
border effects. Plant-based data were 
collected from five randomly selected 
plants taken from the central rows of each 
plot, and the mean values of these samples 
were used for statistical analysis. The 
traits days to 90% maturity, pod yield, 
hundred-grain weight, biomass yield, 
unshelled yield, shelling percentage, and 
harvest index were recorded on a plot 
basis. In contrast, plant height, number of 
primary branches, number of pods per 
plant, and number of seeds per pod were 
recorded on a plant basis. The mean 
values of the five randomly sampled 
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plants were used to estimate the performance 
of each variety and for the analysis of 
individual traits within each plot.
	 2.4.1 Trait descriptions
	 Days to 90% maturity: Recorded as 
the number of days from sowing to physiological 
maturity, when approximately 90% of 
plants in a plot exhibited light-yellow 
coloration of stems, leaves, and floral 
branches. Plant height (cm): Measured 
from the ground level to the tip of the 
main stem from ten randomly selected 
plants in the central rows of each plot, and 
the average value was calculated. Number 
of primary branches per plant: Counted 
from five representative plants per plot, 
and the mean number of primary branches 
was computed. Number of pods per plant: 
Determined by counting the total number 
of pods from the five sampled plants and 
calculating the average. Number of seeds 
per pod: Estimated by randomly selecting 
ten pods from the sampled plants, 
counting the number of seeds per pod, 
and calculating the mean value. Biomass 
yield (kg ha⁻¹): Aboveground biomass 
was harvested from the net plot area,  
sun-dried to a constant weight, and 
converted to kilograms per hectare. Pod 
yield (kg ha⁻¹): The weight of air-dried 
pods harvested from the net plot area was 
recorded and converted to kilograms per 
hectare. Unshelled yield (kg ha⁻¹): Total 
weight of grains obtained after shelling 
the harvested pods, expressed on a 
hectare basis. Shelling percentage (%): 
Calculated as the ratio of unshelled  
(grain) yield to pod yield, expressed as a 
percentage:
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traits. Such variability provides opportunities 
for selection and genetic improvement of 
groundnut varieties across different agro-
ecological conditions. 
	 The effect of year was also highly 
significant (P ≤ 0.01) for days to maturity, 
plant height, biomass yield, pod yield, 
harvest index, and hundred-grain weight, 
demonstrating the influence of seasonal 
climatic variability, particularly rainfall 
and temperature, on crop growth and 
productivity. The variety × year interaction 
was highly significant (P ≤ 0.01) for days 
to maturity, seeds per pod, biomass yield, 
pod yield, harvest index, and unshelled 
yield, indicating differential varietal 
responses across years. This suggests 
variation in adaptability among the 
evaluated varieties, with some showing 
broader adaptation and others performing 
better under specific environmental 
conditions (Williams et al., 2008; Eskezia 
et al., 2025). Similar results have been 
reported in earlier studies on groundnut, 
which documented significant genotype 
× environment interactions for yield and 
yield-related traits (Gelaye & Luo, 2024; 
Khan et al., 2021b; Yadawad & Bhat, 2025).
The observed variability among varieties 
is consistent with reports by Çalışkan et 

al. (2008) and Abady et al. (2021), who 
identified significant differences in days 
to maturity, plant height, and pod yield, 
and by Mekonnen (2024), who emphasized 
the importance of genetic variability for 
improving yield potential and adaptability 
through selection. However, contrasting 
findings have been reported by Abady et 
al. (2019a), who observed limited genetic 
variation among improved groundnut 
varieties in Ethiopia, likely due to the use 
of related parental lines in breeding 
programs. In addition, Nigussie et al. 
(2019), who indicated that variability 
observed under certain environments 
m a y  b e  s t r o n g l y  i n fl u e n c e d  b y 
environmental factors, particularly under 
rainfed conditions with variable rainfall. 
These findings underscore the importance 
of multi-year and multi-environment 
evaluations to distinguish genetic effects 
from environmental influences and to 
identify stable, high-performing groundnut 
varieties.
	 The coefficients of variation for most 
traits were within acceptable ranges, 
indicating satisfactory experimental 
precision and reliability of the results 
(Rashid et al., 2017; Habib et al., 2024).

Table 3. 	 Mean squares from combined analysis of variance for yield and other traits 
of groundnut varieties evaluated over two years (2022 and 2023) at Fogera 
district. 

SOV Variety (V) Year (Y) V x Y  MSE
DF 12 1 12 48
DM 152.96** 14080.82** 106.79** 16.19
PRB 2.78** 31.09** 1.78ns 0.98
PH 33.65** 5276.75** 6.63ns 9.86
SPP 0.11** 0.93** 0.05* 0.025
BY 7835354.64** 289333697.82** 3881588.20** 577857.54
PY 2007958.23** 15362718.73** 928849.35** 181276.09
HI 810.83** 1563.55** 82.460** 29.46
USY 364938.83** 3854944.56** 270243.19** 109534.99
SHP 168.61ns 1.59ns 127.32ns 104.56
HGW 633.26** 8667.25** 117.25ns 71.44

Note: Sov =source of variation, ** = significant at 0.01, and * =0.05 probability levels, respectively and 
ns=non-significant difference, DF=degree of freedom, MSE= mean square error, DM=days to maturity, 
PRB=number of primary branches per plant, PH (cm)=plant height, SPP= number of seeds per pod, BY 
(kg ha-1) =biomass yield, PY (kg ha-1)=Pod yield, HI (%)=harvest index, USY (kg ha-1) = unshelled seed 
-yield, SHP (%)=shelling percentage, HGW (g) =hundred grain-weight.
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3.2 Phenological and growth traits
	 3.2.1 Days to maturity (DM)
	 Days to maturity of the evaluated 
groundnut varieties ranged from 147.5 
days for Babile4 to 162.2 days for Shulamit, 
with a mean value of 155.7 days (Table 4), 
indicating the presence of both early- and 
late-maturing genotypes. This variation 
reflects differences in phenological 
development and provides options for 
adaptation across diverse agro-ecological 
conditions. Early-maturing varieties, such 
as Babile4 (147.5 days) and Milkaye (148.7 
days), are suitable for environments with 
short growing periods or limited rainfall, 
as they can escape terminal drought 
stress. In contrast, late-maturing varieties, 
including Shulamit (162.2 days) and Senaf 
(162.0 days), are better suited to areas with 
longer growing seasons or supplemental 
irrigation, where extended moisture 
availability supports prolonged growth 
and development. These results agree 
with previous studies Alemayehu et al. 
(2025) and Mengistu et al. (2024), which 
reported that days to maturity is a key 
trait influencing groundnut adaptation 
and yield stability under Ethiopian 
conditions. However, other studies Beebe 
et al. (2008), have indicated that delayed 
maturity does not consistently result in 
higher yield, particularly in lowland areas 
where mid-season drought may limit crop 
performance.
	 3.2.2 Plant height (PH)
	 Plant height varied significantly 
among the evaluated groundnut varieties, 
ranging from 28.45 cm in Shulamit to 
35.83 cm in Werer961, with a mean value 
of 31.95 cm (Table 4). This variation 
reflects differences in vegetative growth 
and adaptation among genotypes. Taller 
varieties, such as Werer961 (35.83 cm) and 
Derib (34.96 cm), may enhance light 
interception and biomass accumulation, 
potentially contributing to improved pod 
and biomass yields. In contrast, shorter 
varieties, including Shulamit (28.45 cm) 
and Senaf (28.67 cm), may be advantageous 

under high plant density or mechanized 
production systems due to improved 
lodging resistance. These findings are 
consistent with earlier reports that 
documented significant genotypic 
variation in plant height among groundnut 
varieties grown in Ethiopia (Mekonnen, 
2024; Bekele et al., 2023). However, other 
studies have indicated that shorter 
genotypes may perform better under  
low-input conditions, highlighting the 
importance of matching plant architecture 
with specific production environments 
(Bekele et al., 2023; Berhanu et al., 2020).
	 3.2.3 Number of primary branches per 
plant (PRB)
	 In the combined analysis, the number 
of primary branches per plant varied 
among the evaluated groundnut varieties, 
ranging from 5.03 in Milkaye to 7.40 in 
Bulki01, with a mean of 6.37 branches per 
plant (Table 4). This variation reflects 
genotypic differences in plant architecture 
and growth habit. Varieties such as 
Bulki01, Babile2, and Roba exhibited 
higher branching capacity, which may 
increase the number of pod-bearing sites 
and contribute to yield potential. In 
contrast, Milkaye and Babile4 produced 
fewer primary branches, possibly 
indicating adaptation to environments 
with limited resources. Similar variation 
in branching among groundnut varieties 
has been reported in earlier studies, where 
branching pattern was identified as an 
important contributor to yield component 
diversity (Giayetto et al., 2013; Ghodke, 
2021).

3.3 Yield-related traits
	 3.3.1 Pod yield (PY)
	 Pod yield varied markedly among 
the evaluated groundnut varieties, 
ranging from 1,208.7 kg ha⁻¹ in Senaf to 
3,221.6 kg ha⁻¹ in Werer961, with a mean 
of 2,250.1 kg ha⁻¹ (Table 4). The highest-
yielding variety, Werer961, demonstrated 
superior pod production, likely reflecting 
efficient assimilate partitioning. Other 
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high-performing varieties included Derib 
(2,775.6 kg ha⁻¹), Babile2 (2,712.8 kg ha⁻¹), 
and Babile1 (2,701.3 kg ha⁻¹), whereas 
Senaf and Shulamit recorded the lowest 
yields. In 2022, pod yield ranged from 
1,090.2 kg ha⁻¹ (Milkaye) to 3,627.9 kg ha⁻¹ 
(Werer961), with top performance by 
Werer961, Babile2, and Babile4. In 2023, 
the highest pod yields were recorded for 
Derib (3,806.3 kg ha⁻¹), BaHaGudo (3,686.6 
kg ha⁻¹), and Babile2 (3,066.7 kg ha⁻¹), 
while Bulki01 (1,768.1 kg ha⁻¹) and Senaf 
(1,280.6 kg ha⁻¹) remained the lowest. The 
observed variation indicates substantial 
genetic potential for pod yield improvement. 
These results are consistent with previous 
findings, which reported superior 
performance of derived genotypes under 
Ethiopian rainfed conditions (Tsegaye, 
2023). However, pod yield expression is 
strongly influenced by environmental 
factors, emphasizing the importance of 
multi-location and multi-year evaluations 
to identify stable, high-performing 
varieties (Kumar et al., 2016). Varieties 
such as Babile2, Derib, and BaHaGudo 
performed consistently across years, 
suggesting broad adaptability to Fogera’s 
agro-ecology. Observed differences are 
attributed to genotypic variation, soil 
fertility, and climatic factors, particularly 
rainfall distribution during critical growth 
stages. These results align with previous 
reports highlighting significant genotype 
× environment interactions in Ethiopian 
groundnut production (Kumar et al., 2016; 
McIlveen, 2025; Parvin, 2019; Tsegaye, 
2023), confirming Werer961, Babile2, and 
Derib as promising candidates for yield 
improvement and production expansion 
in similar agro-ecological zones.
	 3.3.2 Biomass yield (BY)
	 Biomass yield of the evaluated 
groundnut varieties ranged from 3,667.3 
kg ha⁻¹ in Milkaye to 7,579.9 kg ha⁻¹ in 
Babile5, with a mean of 5,843.7 kg ha⁻¹ 
(Table 4). Varieties such as Werer961, 
Babile2, and BaHaGudo combined high 
biomass production with substantial pod 

yield, making them suitable for mixed 
crop-livestock systems, where groundnut 
residues serve as valuable livestock feed. 
These findings are consistent with previous 
reports highlighting the importance of 
dual-purpose groundnut varieties for 
both grain and fodder production (Fouillet 
et al., 2021; Atta-Krah et al., 2021). However, 
excessive vegetative growth may reduce 
assimilate allocation to pods, indicating a 
potential trade-off between biomass and 
pod yield (Tsegaye, 2023; Chirwa et al., 
2024)
	 3.3.3 Harvest index (HI)
	 Harvest index varied among the 
evaluated groundnut varieties, ranging 
from 28.1% in Bulki01 to 59.1% in Babile4, 
with a mean of 41.2% (Table 4). High-HI 
varieties, such as Babile4 (59.1%) and 
Babile1 (58.0%), exhibited efficient 
translocation of assimilates from 
vegetative tissues to pods, a key trait for 
yield improvement. In contrast, Bulki01 
and Senaf recorded lower harvest index 
values, indicating less efficient biomass 
partitioning. These findings align with 
previous reports documenting significant 
genotypic differences in harvest index 
among Ethiopian groundnut varieties 
(Atemkeng-Nkoumki, 2015; Liu et al., 
2025). However, harvest index may also 
be influenced by environmental factors, 
including moisture and nutrient 
availability (Gayosso Barragán et al., 
2025).
	 3.3.4 Hundred grain- weight (HGW)
	 Hundred-grain weight varied among 
the groundnut varieties, ranging from 
36.9 g in Milkaye to 68.1 g in Babile2, with 
a mean of 49.5 g (Table 4). Large-seeded 
varieties, such as Babile2 and Babile1, are 
preferred in Ethiopian markets and 
suitable for processing, whereas medium- 
to small-seeded varieties, including 
Milkaye and Babile4, may be advantageous 
where seed multiplication efficiency and 
higher pod number are prioritized. These 
results are consistent with previous 
reports indicating strong market demand 
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for large-seeded groundnut in Eastern 
Amhara (Gayosso Barragán et al., 2025). 
However, medium-seeded types may 
achieve higher yield due to more efficient 

pod filling, suggesting a potential trade-
off between market preference and 
productivity (McIlveen, 2025).

Table 4.	 Mean separation from combined analysis of variance for yield and other traits 
of groundnut varieties evaluated over to 2022 and 2023 cropping seasons. 

Variety DM PRB PH SPP BY PY HI USY SHP HGW

Babile1 156.50 6.03 33.78 1.90 4739.79 2701.28 57.99 1464.1 53.32 65.35

Roba 156.00 7.00 30.58 1.70 5966.74 1832.56 30.95 939.07 50.44 48.31

Senaf 162.00 6.41 28.67 1.67 5329.49 1208.74 26.85 708.52 58.56 62.24

Shulamit 162.17 6.07 28.45 1.83 5364.13 1846.02 34.48 980.38 54.88 44.73

Werer961 148.50 6.70 35.83 2.13 6038.04 3221.63 54.14 1494.77 46.24 48.46

Babile2 156.17 7.20 31.95 1.93 7348.45 2712.83 37.77 1435.76 52.45 68.13

Babile4 147.50 5.67 34.43 1.87 4459.67 2631.19 59.09 1035.43 41.01 37.43

Babile5 159.00 6.67 30.48 1.80 7579.9 1973.27 29.51 882.97 47.75 43.32

BaHaGudo 158.00 5.83 33.05 1.87 6086.9 2676.59 45.59 1310.51 48.14 47.58

BaHaJigu 156.33 6.87 29.82 1.90 7037.81 2220.14 34.27 1188.36 52.35 55.91

Bulki01 161.00 7.40 31.08 1.80 6542.07 1698.7 28.10 1011.2 59.40 42.73

Derib 152.50 5.93 34.96 2.10 5808.42 2775.6 49.33 1214.11 45.68 42.59

Milkaye 148.67 5.03 32.23 2.01 3667.33 1752.64 47.72 961.52 54.97 36.91

V ** ** ** ** ** ** ** ** ns **

Y ** ** ** ** ** ** ** ** ns **

V x Y ** ns ns * ** ** ** ** ns ns

Mean 155.72 6.37 31.95 1.89 5843.75 2250.09 41.21 1125.13 51.17 49.52

CV (%) 2.58 15.57 9.83 8.38 13.01 18.92 13.17 29.42 19.98 17.07
Note: CV (%) =coefficient of variation, MSE=mean square error, DM=days to maturity, PRB=number of 
primary branches per plant, PH (cm)=plant height, SPP= number of seeds per pod, BY (kg ha-1) =biomass 
yield, PY (kg ha-1)=Pod yield, HI (%)=harvest index, USY (kg ha-1) = unshelled seed -yield, SHP (%)=shelling 
percentage, HGW (g) =hundred grain-weight.

Table 5.	 Mean separation from separate analysis for yield and yield-related traits of 
groundnut varieties evaluated at Fogera district in the 2022 cropping season.

Varieties DM PRB PH SPP BY PY HI USY SHP HGW

Babile1 140.67 6.27 24.60 2.07 3480.57 2120.62 60.88 1034.6 48.8 50.75

Roba 144.67 7.53 21.93 1.80 3776.58 1185.85 31.24 552.33 47.46 38.97

Senaf 143.33 6.68 19.67 1.80 3100.64 1136.92 36.34 702.75 61.77 41.28

Shulamit 147.67 6.67 19.60 1.93 3447.7 1206.62 34.82 698.02 58.53 36.4

Werer961 141.00 8.27 27.33 2.00 5626.79 3627.98 64.43 1627.65 44.82 41.39

Babile2 140.00 8.00 25.33 2.00 5679.33 2359 41.22 1106.95 47.59 54.43

Babile4 138.00 5.80 27.07 1.93 3723.65 2237.38 59.81 1100.07 49.66 28.85

Babile5 140.67 7.53 23.00 1.93 4505.63 1715.29 37.78 874.02 51.48 34.47
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Varieties DM PRB PH SPP BY PY HI USY SHP HGW

BaHaGudo 140.67 6.60 23.47 2.13 3400.19 1666.54 48.85 789.96 46.66 41.63

BaHaJigu 143.33 7.73 22.07 2.00 4245.26 1761.12 41.33 849.78 48.76 44.51

Bulki01 145.00 9.07 21.67 2.00 4398.03 1629.35 36.15 909.62 57.35 37.89

Derib 141.33 5.87 28.67 2.20 3259.95 1744.95 53.18 938.01 53.01 27.93

Milkaye 143.33 5.00 24.00 2.13 2286.64 1090.2 47.97 552.88 51.16 28.17

V ns ** ** ns *** ** *** *** ns ***

MSE 10.65 1.18 6.40 0.02 248877.29 148020.36 34.93 43339.84 43.93 33.69

Mean 142.28 7.00 23.72 1.99 3917.77 1806.29 45.69 902.82 51.31 38.97

CV (%) 2.29 15.51 10.66 7.21 12.73 21.30 12.94 23.06 12.92 14.89
Note: MSE=mean square error, CV (%) =coefficient of variation, DM=days to maturity, PRB=number of 
primary branches per plant, PH (cm)=plant height, SPP= number of seeds per pod, BY (kg ha-1) =biomass 
yield, PY (kg ha-1)=Pod yield, HI (%)=harvest index, USY (kg ha-1) = unshelled seed-yield, SHP (%)=shelling 
percentage, HGW (g) =hundred grain-weight.

Table 6.	 Mean separation from separate analysis for yield and yield-related traits of 
groundnut varieties evaluated at Fogera district in the 2023 cropping season.

Variety DM PRB PH SPP NPP BY PY HI USY SHP HGW

Babile1 172.33 5.80 42.97 1.73 32.13 5999.01 3281.94 55.09 1893.6 57.84 79.94

Roba 167.33 6.47 39.23 1.6 34.27 8156.89 2479.28 30.65 1325.81 53.43 57.65

Senaf 180.67 6.13 37.67 1.53 28.2 7558.33 1280.56 17.35 714.28 55.35 83.19

Shulamit 176.67 5.47 37.3 1.73 36.33 7280.56 2485.42 34.15 1262.75 51.23 53.06

Werer961 156.00 5.13 44.33 2.27 49.47 6449.29 2815.28 43.85 1361.89 47.67 55.54

Babile2 172.33 6.40 38.57 1.87 27.8 9017.56 3066.66 34.31 1764.5 57.32 81.84

Babile4 157.00 5.53 41.8 1.8 37.4 5195.69 3025.00 58.37 970.79 32.37 46.01

Babile5 177.33 5.80 37.97 1.67 29.47 10654.17 2231.25 21.23 891.91 44.01 52.17

BaHaGudo 175.33 5.07 42.63 1.6 32.6 8773.61 3686.64 42.34 1831.06 49.62 53.54

BaHaJigu 169.33 6.00 37.57 1.8 35.53 9830.36 2679.17 27.22 1526.94 55.94 67.32

Bulki01 177 5.73 40.5 1.6 37.93 8686.11 1768.06 20.04 1112.78 61.45 47.57

Derib 163.67 6.00 41.25 2.00 39.3 8356.9 3806.25 45.48 1490.21 38.35 57.26

Milkaye 154 5.07 40.47 1.89 42.07 5048.01 2415.08 47.48 1370.17 58.78 45.65

V ** ns ns ** ** ** ** ** * ns **
MSE 21.74 0.79 13.33 0.03 32.00 906837.7 214531.8 23.98 175730.1 165.19 109.20

Mean 169.15 5.74 40.17 1.78 35.58 7769.73 2693.89 36.74 1347.44 51.03 60.06

CV (%) 2.76 15.46 9.09 9.63 15.90 12.26 17.19 13.33 31.11 25.19 17.40
Note: CV (%) =coefficient of variation, MSE=mean square error, DM=days to maturity, PRB=number of 
primary branches per plant, PH (cm)=plant height, SPP= number of seeds per pod, BY (kg ha-1) =biomass 
yield, PY (kg ha-1)=Pod yield, HI (%)=harvest index, USY (kg ha-1) = unshelled seed -yield, SHP (%)=shelling 
percentage, HGW (g) =hundred grain-weight. 
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3.4  Correlation among phenological, 
growth, and yield traits
	 Correlation analysis revealed significant 
associations among phenological, growth, 
and yield-related traits of groundnut varieties. 
Days to maturity (DM) was strongly and 
positively correlated with plant height  
(r = 0.75***) and biological yield (r = 
0.812***), indicating that late-maturing 
genotypes tend to produce taller plants 
with greater biomass accumulation 
(Bhattacharya, 2022). Conversely, DM 
exhibited a moderate but significant 
negative correlation with harvest index (r 
= −0.55***), suggesting that prolonged 
vegetative growth may reduce the 
efficiency of dry matter partitioning 
toward economic yield (Figure 2). Pod 
yield-related traits, including shelling 
percentage and hundred-grain weight, 
showed moderate to weak correlations 
with most yield components. Hundred-grain 
weight was positively associated with 

biological yield (r = 0.59***) and plant 
height (r = 0.56***), indicating that 
increased seed size contributes to overall 
plant vigor and biomass production. Pod 
yield exhibited a moderate positive 
correlation with harvest index (r = 0.41***) 
and a strong positive association with 
unshelled pod yield (r = 0.80***), 
highlighting the importance of efficient 
assimilate translocation and seed filling 
in yield determination (Bhattacharya, 
2022; Gelaye, 2025). Overall, the observed 
relationships suggest that selection for 
late-maturing, taller genotypes with 
higher biomass production and improved 
harvest index may enhance groundnut 
productivity. Additionally, the weak 
correlations among certain traits, such as 
shelling percentage and pod number per 
plant ,  indicate opportunit ies  for 
independent selection to improve quality 
traits without negatively affecting yield 
performance.

Figure 2. Pearson’s correlation coefficients among groundnut traits.
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4. Conclusion
	 The study demonstrated significant 
genetic variability among the 13 groundnut 
varieties evaluated in the Fogera district 
over two cropping seasons. The combined 
analysis of variance revealed highly 
significant differences (P ≤ 0.01) for key 
traits, including days to maturity, pod 
yield, and biomass yield, indicating the 
potential for selecting superior genotypes. 
The significant genotype × environment 
interaction observed suggests that 
environmental factors, particularly seasonal 
rainfall and temperature variations, 
strongly influence varietal performance. 
Among the tested genotypes, Werer961, 
Babile2, and Derib exhibited the highest 
pod yields and stability, while correlation 
analysis confirmed that harvest index and 
unshelled yield are critical determinants 
of pod yield.
	 Based on these findings, varieties 
Werer961, Babile2, and Derib are 
recommended for wider cultivation in the 
Fogera district and similar agro-ecologies 
to enhance productivity. For integrated 
crop–livestock farming systems, Werer 
961, Babile2, and BaHaGudo are identified 
as ideal dual-purpose varieties due to 
their combination of high pod yield and 
substantial biomass. Future breeding 
programs should prioritize traits such as 
harvest index, unshelled yield, and 
hundred-grain weight, given their strong 
association with yield performance. 
Finally, to ensure broad adaptability and 
effective dissemination, multi-location 
evaluations across diverse agro-ecologies 
and strengthened extension services are 
recommended to facilitate farmer 
adoption.
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