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Abstract

Genotype x environment interaction is a crucial aspect of identifying and selecting adaptable, stable, and high-yielding potato
genotypes that exhibit lower incidence of late blight disease. Twenty-eight potato genotypes, five parents and a check hybrid
were tested using randomized complete block design with three replications under three different environments. Analysis of
variance revealed significant differences in the studied traits, indicating substantial genetic variability among the genotypes.
According to the Eberhart and Russell Stability method, G10, G17 and G21 were identified as adaptable and stable genotypes.
The PC1 of the AMMI bi-plot indicated that genotypes G10, G17 and G21 were high-yielding and exhibited lower incidence
of late blight disease. Additionally, PC2 suggested that G8, G10 and G12 were consistent in tuber yield, while G10, G11, G17
and G23 were found to be stable against late blight. It was concluded from the study that the G23 produced the highest (38.376
tons ha™) tuber yield coupled with highest percentage (80.3%) of disease tolerance. In addition, G17 also performed
exceptionally with yield potential (38.15 tons ha™) and disease tolerance (76.7%). Overall, these two genotypes were declared
as the most adaptable and stable. Higher tuber production with lower incidence to disease percentage was found in Battakundi
environment. Therefore, assessment of such potato hybrids in various environments can exploit more potential for yield and
yield attributing traits in upcoming breeding strategies. These useful strategies will be helpful in identifying and choosing the
most favorable environments for potato production, not only to contend with original requirements but also to support the
large-scale food availability and sustainability.
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Introduction

Potatoes (Solanum tuberosum L.), a member of nightshade
family has attracted much attention for playing a very
comprehensive role to fulfill food demand. It belongs to
family Solanaceae (Britannica 2023). Potatoes are enriched
with folate, vitamin C, potassium, and iron (Luitel et al.
2020). Potato cultivation is highly influenced by number of
factors like climate, different soil factors, management
practices and particularly, variety selection. Recently, 376
million tons of potatoes were produced from an area of
almost 18.1 million hectares, worldwide (FAOSTAT 2023).
Meanwhile, record production of potato was noted in

Pakistan with 8319 thousand tons from an area of 341
thousand hectares (PBS 2023).

The central aim of a potato breeding program is to
harness and improve genetic variation under diverse
environmental conditions. Adaptability and stability under
diverse environments, along with maximum production and
low disease percentage, are the key goals of local breeding
strategies. Adaptability is the superior performance of
hybrids across diverse geographic locations, while stability
refers to the regularity of a genotype's performance and its
ability to withstand the fluctuations in yield across different
climatic conditions (Cedarsa et al. 2022). Genotype x
environment interaction (GEI) is the response of different
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genotypes to varying environmental conditions, leading to
variations in phenotypic outcomes. Therefore, assessing
stability and genotype x environment interaction across
diverse environments is crucial before the approval, release,
and dissemination of a variety/ hybrid for different attributes.
Genotype x Environment Interaction is a complex
phenomenon  involving  climatic,  agro-ecological,
agronomic, physiological, soil, and genetic factors that affect
the development and growth of a crop (Aboughadareh et al.
2022). Several techniques have been employed to quantify
the effects of GEI across different environments. Among
these, the Genotype Main Effects and Genotype x
Environment Interaction (GGE) model (Gauch 2006) and
the Additive Main Effects and Multiplicative Interaction
(AMMI) model (Zobel et al. 1988) are the two most widely
used for bi-plot analysis (Flis et al. 2014) across different
environments. AMMI bi-plot analysis is a dominant means
used for selection of adaptable and stable genotypes in GEl,
globally (Byarugaba et al. 2018). It is particularly important
and widely utilized in potato breeding for evaluating and
selecting genotypes based on tuber vyield and disease
resistance across diverse environments (Flis et al. 2014).

Generally, three potato crops are grown in Pakistan,
ranging from plains to hilly areas, with diverse regional
climates (Majeed and Muhammad 2018). In Pakistan,
factors limiting potato yield include drought, salinity,
temperature fluctuations, inadequate fertilization, irrigation
challenges, soil quality and climatic changes compounded
by soil-borne issues such as nutrient deficiencies, including
nitrogen and others (Majeed and Muhammad 2018).
Additionally, biological constraints such as poor seeds, low
yield, and diseases caused by bacteria, viruses, and fungi
significantly reduce potato growth and production (Majeed
et al. 2017). The diverse and favorable environmental
conditions in Pakistan offer significant opportunities for
increasing potato yield. Growth and local environmental
conditions play a role in mitigating the unfavorable effect of
abiotic and biotic stresses, such as plant diseases.
Meanwhile, modifications in potato cultivation and
production are required to adapt to the diverse environmental
conditions across Pakistan (Majeed and Muhammad 2018).
Therefore, the current field study was designed to evaluate
potato genotypes for identifying and selecting adaptable and
stable varieties in terms of high yield and disease resistance
across different environments in northern Pakistan.
Additionally, AMMI bi-plot analysis was also used to
identify the most suitable and reliable environments for
large-scale potato cultivation, growth management, and
production, with the goal of meeting domestic food
requirements and ensuring future food security.

Materials and Methods
Experimental sites

The current investigation was carried out in three diverse

sites namely Abbottabad, Battakundi, and Kaghan, Khyber
Pakhtunkhwa, Northern Pakistan. The experimental trials
were conducted under diverse environmental conditions at
the Hazara Agricultural Research Station, Abbottabad; the
Seed Potato Research and Multiplication Farm, Battakundi;
and the Summer Agricultural Research Farm, Kaghan,
during the years 2021-2023. Details about the geography of
the studied environments are provided in Table 1.

Germplasm

In the beginning 2020-21, hybridization (crosses) among
different potato parents were conducted in order to transfer
desirable traits with genetic variations at Battakundi. On
harvest of successful crosses, true potato seed (TPS) were
extracted from the collected berries and seedlings were
produced in nurseries under green-house controlled
environments. The selected plantlets with mini tubers were
grown in field for tuber production with desirable agronomic
traits, to identify potato varieties or hybrids. The details of
experimental material used in the present study are presented
in Table 2.

Field layout

All the experiments were grown using randomized complete
block (RCB) design in three replications. Row-to-row and
tuber-to-tuber distance was maintained at 0.75 m and 0.25
m, respectively. The single plot size was 4.5 m2, where two
rows per plot were sown having 24 tubers.

Agronomic practices

Research blocks were prepared following plough and soil
preparation. Seed tubers were planted manually. Fertilizers
like diammonium phosphate (DAP), sulphate of potash
(SOP) and urea were applied at standard rates, respectively.
Other cultural practices like weeding, hoeing and roughing
were also applied during the study. No fungicide was
applied during the experiments to assess disease incidence,
specifically for late blight (Phytophthora infestans). By not
applying fungicide, the study gives a clearer understanding
of how late blight behaves in diverse environments without
external control factors.

Data collection

Data were collected for tuber yield plot™ and incidence of
disease plot™, according to described data protocols.

Tuber yield plot™ (tons ha™)

The tubers were collected and weighed, and the tuber yield
was then converted into tons ha” by using the formula
(Vandamme et al. 2023).

Plot Yield (kg)
Plot Area (m?)

Tuber Yield (Tons) =

P x 10 (1)
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Table 1: Details of geography of Abbottabad, Battakundi and Kaghan environments

Components Abbottabad Battakundi Kaghan
Latitude 34°10'7.5036'N 34°56'0"N 34°32'30"N
Longitude 73°13'17.3892"E 37°46'0"E 7321'0"E
Altitude (masl.) 1256 2812 2510

pH 6.3 5.0 53

Annual Rainfall (mm) 1532 1500 1489
Annual Temperature (°C) 15.9 3.9 43

Soil type Loam to clay loam Sandy loam Sandy loam
*Source: Hazara Agriculture Research Station, Abbottabad, Pakistan

Table 2: Potato genotypes evaluated under multiple environments for their means and stability analysis

Genotypes Hybrid Codes Genotypes Hybrid Codes Genotypes Hybrid Codes
Gl Sarpomira G12 TPSCLB43 G23 TPSSMC61
G2 Burna G13 TPSCR51 G24 TPSSMC62
G3 Coroda Gl4 TPSCR52 G25 TPSSMC63
G4 Rocco G15 TPSCR53 G26 TPSRSM71
G5 Cardinal G16 TPSCR54 G27 TPSRSM72
G6 TPSCB31 G17 TPSSMR11 G28 TPSRSM73
G7 TPSCB32 G18 TPSSMR12 G29 TPSRSM74
G8 TPSCB33 G19 TPSCLR21 G30 TPSCSM81
G9 TPSCB34 G20 TPSCLR22 G31 TPSCSM82
G10 TPSCLB41 G21 TPSCLR23 G32 TPSCSM83
Gl1 TPSCLB42 G22 TPSCLR24 G33 TPSCSM84

*G34 = Check (UOH100)

Incidence of late blight disease (%)

Incidence of late blight disease was observed in each
experimental plot at the initial appearance of disease, almost
45 days after planting. Disease data were collected on seven
randomly selected plants with ten-day intervals. A disease
scale ranging from 1 to 10 was used, as described by Monjil
and Ulfat (2020). Meanwhile, the following formula was
used to measure the Incidence of late blight disease
percentage (Teshome et al. 2022).

lants
NubmerofObservedPlants x 10 (2)

P
. . o) —
Diseaselncidence(%) = NumberofiInfected Total

Statistical analysis

Analysis of variance (ANOVA) was applied using analytical
software Statistics 8.1 (1985-2003) followed by the least
significant difference test (LSD) Fisher (P < 0.05) test to
observe treatment means differences.

Stability analysis

Eberhart and Russell’s (1966) joint regression model was
used to study stability of different genotypes. The behavior
of the genotypes was assessed using the following model.

Yij = mi + bilj + dij 3)

Where, Yij = the mean performance of the ith
genotype in the jth environment; mi = the grand mean of the
ith genotype over all the environments; bi = the regression
coefficient which measures the response of the ith genotype
on the environmental index; Ij = the environmental index
obtained by the difference between the mean of each
environment and the grand mean, and dij = the deviation
from the regression of the ith variety in the jth environment.

Genotype x environment interaction analysis

AMMI bi-plot model was used to analyze and evaluate the
interaction for tuber yield plot™and incidence to late blight%
through principal components analysis components i.e., PC1
and PC2, derived using environment-centered average data.

AMMI bi-plot model was used as proposed by Gauch
(2006).

Yij = p+ G+ Ejt X Mo Y + € (4)
k=1

Where, Yijis the observed mean vyield of the ith
genotype in the jth environment; p is the general mean;
Giand Ejrepresent the effects of the genotype and
environment; Ikis the singular value of the kthaxis in the
principal component analysis; aikis the eigenvector of the
ithgenotype for the kthaxis; gjkis the eigenvector of the
jthenvironment for the kthaxis; n is the number of principal
components in the model, and eijis the average of the
corresponding random errors.

Results
Analysis of variance

The genotypes and environments have shown highly
significant (P < 0.001) effects on both tuber yield and
incidence of late blight disease, respectively. The interaction
between genotype and environment exhibited very highly
significant (P < 0.001) effects on tuber yield, and highly
significant (P < 0.01) effects on late blight disease incidence
(Table 3).

Wide ranges of mean performance were observed
under the agro-climatic conditions of diverse environments,
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Table 3: AMMI — Analysis of variance for Tuber yield (tons ha™) and Incidence to late blight (%) disease across three diverse

environments

Traits Source DF SS MS F Value Pr(>F) Sign
Tuber Yield (Tons ha™) G 33 2184.9 66.21 7.29 <2e-16 faiaiel
R 2 443 22.16 244 0.08
E 2 5226.9 2613.45 287.96 <2e-16 ok
GxE 66 3074.4 46.58 5.13 <2e-16 faiaial
Incidence of late blight G 33 34412 1042.8 424 7.15% 11 e
disease (%) R 2 73 36.6 0.14 0.86
E 2 11577 5788.6 23.57 6.267e—10 faiaial
GxE 66 28312 429.0 174 0.001 **

G = Genotype; R = Replication; E = Environment; G x E = Genotype by environment; SS = Sum of square; MS = Mean square; Pr = Probability value; > F = Less than F value;

*** =Very highly Significant; ** = Significant

Table 4: Mean and stability analysis for tuber yield (tons ha) among potato genotypes based on Eberhart and Russell method

Genotypes Mean Sd CV (%) Bi S2di Genotypes Mean Sd CV (%) Bi S2di
UOHSMP1 35.45 454 12.80 0.60 19.81 TPSSMR12 37.65 3.73 9.92 0.64 3.82
UOHBP2 29.94 3.07 10.26 046 498 TPSCLR21 36.82 6.48 17.62 0.90 39.09
UOHCP3 25.73 2.69 10.47 044 173 TPSCLR22 34.45 6.86 19.90 0.91 48.13
UOHRP4 32 3.05 9.55 045 534 TPSCLR23 35.15 6.88 19.58 1.06 3443
UOHCLP5 31.07 4.87 15.68 042 3541 TPSCLR24 35.38 6.56 18.55 0.92 39.29
TPSCB31 36.86 137 3.73 004 098 TPSSMC61 38.76 7.57 19.54 142 7.58
TPSCB32 34.82 5.34 15.33 1.03 -0.30 TPSSMC62 34.28 9.18 26.77 1.56 40.95
TPSCB33 35.27 6.77 19.19 127 6.06 TPSSMC63 36.48 5.55 15.21 0.54 4359
TPSCB34 34 4.48 13.19 0.88 -2.54 TPSRSM71 33.36 5.10 15.31 0.92 5.78
TPSCLB41 36.06 8.15 22.60 1.44 23.30 TPSRSM72 36.03 6.23 17.29 0.91 31.84
TPSCLB42 35.36 9.79 27.68 191  1.89 TPSRSM73 36.01 8.48 23.56 1.65 0.75
TPSCLB43 36.12 7.30 20.21 138 6.18 TPSRSM74 36.03 4.45 12.34 0.73 9.54
TPSCR51 31.77 8.40 26.44 1.65 -1.79 TPSCSM81 33.84 3.76 1112 0.71 -0.56
TPSCR52 30.73 10.35 33.69 203  -107 TPSCSM82 33.18 344 10.37 0.64 -0.44
TPSCR53 33.08 8.07 24.38 156 154 TPSCSM83 31.9 4.88 15.31 0.96 -2.29
TPSCR54 32.24 10.65 33.05 191 37.11 TPSCSM84 33.06 4.69 14.20 0.23 38.55
TPSSMR11 38.15 5.80 15.21 1.07 5.46 UOHC100 30.28 3.97 13.11 0.59 10.55

Sd = Standard deviation; CV = Coefficient of variation; bi = Regression coefficient; S2di = Standard deviation from linearity of Regression

which further reinforce the findings of ANOVA analysis and
provide additional insight into the variability of performance
across different conditions, as presented in Table 4-5 and
Fig. 1A and B, respectively.

Stability analysis

According to Eberhart and Russell (1966) method, a potato
genotype is considered stable and productive if the regression
coefficient is equal to 1, the deviation from regression (S2d;) is
minimal, and a high mean performance for specific trait across
different environmental conditions. In the present study, the
genotypes identified for adaptability to tuber yield plot™ were
TPSCLB42, TPSCR51, TPSCR52, TPSCR53 and
TPSRSM73 (Fig. 2B). Similarly, the potato genotypes
recognized for adaptability to late blight incidence were
TPSCB34, TPSCR53 and TPSSMC62, respectively (Fig.
3A). In the case of genotypes stability, UOHSMPL,
TPSCLB41, TPSCR54, TPSSMR11 and TPSRSM71 have
demonstrated stability for resistance to late blight disease
across different environments, making them highly promising
for disease management in potato cultivation (Fig. 3A).

The CV is an important statistical tool that helps to
assess the degree of variation relative to the mean, and has
been widely used to evaluate both tuber yield and resistance
to late blight disease across different environments.

Results for coefficient of variation determined that only 8
genotypes produced the highest tuber yield per plot (Fig.
2A) indicates that these genotypes were high-yielding per
plot and have exhibited less variability in yield across
different environments while 9 genotypes were found to be
less susceptible to late blight disease (Fig. 3B).

AMMI Bi-plot analysis

AMMIDbi-plot analysis effectively splits the variation into
additive main effects and multiplicative interaction effects,
and PC1 and PC2 represented the principal axes of the
interaction component. However, the results presented here
were according to the findings of Worku et al. (2018). In this
approach, the center of origin can be interpreted as a baseline
or reference point, against which the performance of other
genotypes is compared within each specific environment.

The AMMI bi-plot with PC1 and PC2 was used
effectively to analyze and judge the performance and stability
of potato genotypes for both tuber yield per plot and late blight
resistance, respectively. PC1 refers to either high or low
yielding genotypes and it helps in identifying genotypes with
high potential yield. Similarly, PC2 displays either stability or
instability of the genotypes. It also provides insight into how
stable those genotypes are across different environmental
conditions, including the presence of disease.
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Table 5: Mean and stability analysis for Incidence of late blight disease% among potato genotypes based on Eberhart and Russell
method

Genotypes Mean Sd CV (%) Bi S2di Genotypes Mean Sd CV (%) Bi S2di
UOHSMP1 111 1.92 173.20 0.23 -80.72 TPSSMR12 22.22 11.70 52.67 152 -73.57
UOHBP2 30.00 12.01 40.06 1.20 40.90 TPSCLR21 37.77 23.41 61.97 1.52 751.3
UOHCP3 45.55 6.93 15.23 0.90 -78.67 TPSCLR22 34.44 9.62 27.93 1.04 -19.89
UOHRP4 64.44 6.93 10.76 0.85 -69.08 TPSCLR23 43.33 18.55 42.82 1.36 396.3
UOHCLP5 48.88 6.93 14.19 0.72 -44.67 TPSCLR24 43.33 21.85 50.44 1.54 602.2
TPSCB31 34.44 29.12 84.55 2.90 655.08 TPSSMC61 19.70 5.77 19.24 0.07 -15.92
TPSCB32 24.44 19.24 78.72 2.32 46.46 TPSSMC62 271.77 20.09 72.33 2,61 -53.21
TPSCB33 24.44 16.44 67.26 2.06 -25.88 TPSSMC63 28.88 10.71 37.09 1.27 -36.47
TPSCB34 30.00 26.03 87.78 3.22 91.13 TPSRSM71 21.11 5.09 2411 0.67 -81.52
TPSCLB41 271.77 11.70 42.14 1.55 -81.96 TPSRSM72 271.77 5.09 18.33 -0.64 -77.93
TPSCLB42 3111 18.35 59.09 1.85 203.4 TPSRSM73 24.44 6.93 48.03 -0.90 -78.67
TPSCLB43 18.88 7.69 40.75 0.83 -42.25 TPSRSM74 271.77 7.69 271.71 0.92 -61.45
TPSCR51 32.22 5.09 15.80 0.28 -39.06 TPSCSM81 32.22 9.62 29.86 -0.12 101.5
TPSCR52 26.66 8.81 33.07 1.06 -55.26 TPSCSM82 33.33 1154 34.64 0.14 182.3
TPSCR53 34.44 19.53 56.70 2.50 -32.32 TPSCSM83 32.22 5.09 15.80 0.28 -39.06
TPSCR54 26.66 10 375 1.32 -80.24 TPSCSM84 24.44 1.92 7.87 -0.02 -74.66
TPSSMR11 23.33 6.66 28.57 0.88 -81.22 UOHC100 25.55 21.43 83.85 -2.03 366.6
Sd = Standard deviation; CV = Coefficient of variation; bi = Regression coefficient; S2di = Standard deviation from Linearity of Regression
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A PC1 value > 0 indicates that the genotypes are high-
yielding. These genotypes perform better in terms of yield
potential across the environments under study and vice
versa. Similarly, a PC2 value < 0 indicates that genotypes
with low PC2 values tend to perform consistently across
various environments, maintaining stability in both tuber
yield and late blight resistance, regardless of environmental
fluctuations. Same interpretation pattern has been applied for
Incidence of late blight disease percentage.

In case of PC1 > 0, genotypes with PC1 > 0 such as

TPSCLB41, TPSCB31, TPSSMR11, TPSSMR12 and
TPSSMC61 were found to be high yielding as these
genotypes were in the positive PCLl region (Fig. 4A).
Genotypes with low late blight incidence include
TPSCLB41, TPSCLB42, TPSCR54, TPSSMR11,
TPSSMR12, TPSSMC62, TPSSMC63, TPSRSM71 and
TPSRSM73, which suggests that these genotypes exhibited
low Incidence of late blight disease (Fig. 4B).
In terms of PC2 < 0, lower values for TPSCB33,
TPSCLB41, and TPSCLBA43 confirmed that genotypes were
highly stable in terms of tuber yield plot™® (Fig. 4A). These
genotypes (TPSCB33, TPSCLB41, TPSCLB43) would be
located in the low PC2 region (i.e., closer to the origin or
negative side of the PC2 axis), signifying that they exhibited
stable tuber yields across the different environments. The
genotypes such as TPSCLB41, TPSCLB42, TPSCR54,
TPSSMR11, TPSSMR12 and TPSSMC63 have been found
to be highly stable in terms of low late blight incidence due
to their low PC2 values (Fig. 4B).

Discussion

In potato breeding, selecting for adaptability and stability

across varying environmental conditions is crucial for
developing high-yielding and disease-resistant genotypes.
Achieving high tuber yield in potatoes while maintaining
good agronomic traits and balancing the selection of
genotypes and environments, is certainly complicated by the
effects of viral infections and genotype X environment
interactions. Viral diseases can drastically reduce both the
yield and quality of potatoes, while GEI can make it difficult
to identify consistently high-performing varieties across
diverse environments (Malik et al. 2021). However, through
advances in breeding and genetics research, seed production
practices, and modern breeding techniques, such as MAS,
multi-location trials, and hybridization, breeders continue to
make progress in overcoming these challenges. The need for
stable genotypes performing best under different environments
is becoming increasingly critical, especially as farmers face a
variety of factors like climatic issues, soil conditions and
disease/pest occurrence (Tatarowska et al. 2024).

The results from statistical analysis indicated that there
was significant differentiation in studied variables across the
three environments, signifying that the tested genotypes
exhibited variable performance in each of the environments.
This highlighted the significance of considering both factors
i.e., genetic and environmental when evaluating potato
cultivars for yield and disease performance. The study
suggested significant (P < 0.001, 0.01) variability due to
genotypes, environments, and their interaction (GEI) across
the three different environments. The current findings
underscore the importance of genotype x environment
interaction and environmental factors in shaping potato yield
variability. By incorporating GEI into breeding programs,
breeders can increase selection efficiency, ensuring the
identification of high-yielding, disease-resistant cultivars that
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are adaptable to a variety of environmental conditions. Kim
et al. (2018) and Tatarowska et al. (2024) have also presented
similar findings and acknowledged the importance of GEI in
assessing cultivar performance particularly in potato under
varying environmental conditions.

The performance of a genotype in crop production is in
fact influenced by genotypic, environmental and their
interaction effects, which play an important role in
developing breeding strategies to develop genotypes with
high-yielding, stable and adaptable across various
environmental conditions (Tatarowska et al. 2024). The
work of Mijic et al. (2019) highlighted the importance of
quantifying genotype stability by different statistical tests.
Among the various statistical models used to analyze
genotype X environment interactions, the Additive Main
Effects and Multiplicative Interaction (AMMI) model has
emerged as one of the most effective and competent
methods for stability analysis and interpretation (Worku et
al. 2018; Cedarsa et al. 2022; Scavo et al. 2022). AMMI is
one of the most important techniques for breeders seeking to
understand genotype X environment interactions and
improve genotype stability in crops like potatoes (Mustamo
et al. 2018). By applying this model, breeders can select
genotypes that will perform reliably under various
environmental conditions, thereby advancing crop breeding
strategies for sustainable agricultural production.

An ideal genotype in agricultural breeding, including
potato breeding, is one that demonstrates high performance
(e.g., high yield, disease resistance) coupled with high
stability across diverse environments (Cedarsa et al. 2022;
Tatarowska et al. 2024). This concept is foundational to
breeding programs, particularly those aiming for consistent
crop production under variable environmental conditions.
The present study clearly identified TPSSMC61 and

TPSSMR11 as highly promising potato genotypes and
considered as ideal for the commercial cultivation across
varied regions and multiple environments, particularly in
Northern Pakistan. The use of AMMI analysis has proven to
be an effective tool for evaluating tuber yield and disease
incidence across different environments, allowing us to
identify the best genotypes like G23 (TPSSMC61) and G17
(TPSSMR11), which have also been highlighted by
(Adebola et al. 2013; Worku et al. 2018; Cedarsa et al. 2022
Tatarowska et al. 2024). These genotypes are not only
appropriate for immediate promotion in areas/regions with
high late blight pressure but also hold promise for long-term
breeding efforts to enhance disease resistance, yield stability,
and environmental adaptability. Selecting local genotypes
for breeding programs can be a key strategy in improving
tuber yield, reducing disease incidence, and enhancing
stability across diverse environments (Pinto et al. 2010).

In the present study, Battakundi's conditions were
found to be most favorable for expressing the genetic
potential of potato genotypes, highlights the importance of
local environmental factors in  maximizing crop
performance. The specific climatic conditions in Battakundi
including high altitude, long sunny days, and cooler
temperatures can create an environment that favors high
potato yields while minimizing the impact of late blight.
These factors make it a promising location for potato
cultivation and productions, ensuring that genetically
superior potato varieties can thrive, achieve higher
production, better quality, and potentially reduced disease
incidence. The genetic factors are the primary drivers of trait
expression in the context of potato breeding, with lower
environmental influences. This finding is important to
expand new potato genotypes, in determining desirable yield
and vyield attributing characters. The selection of potato
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genotypes based on adaptability and stability in relation to
tuber yield and disease resistance is a powerful strategy for
improving potato production, and guaranteeing food
security. This approach will take part in meeting domestic
food requirements and contributing to global food security,
ensuring that potatoes continue to be a reliable and
sustainable food source in the future.

Conclusion

Significant genetic variability and diversity among potato
genotypes across different environments were observed,
indicating a broader range of genetic traits that respond to
varying conditions. The study concluded that G23
(TPSSMC61) and G17 (TPSSMR11) were found to be
excellent hybrids and could thus be selected as new potato
hybrids. Additionally, Battakundi was identified as an
appropriate site for potato cultivation, offering maximum
production and supporting the continuation of breeding
strategies. AMMI has proven to be an effective method for
selecting adaptable and stable genotypes in specific
environments, facilitating potato breeding and the introduction
of new potato genotypes locally. This, in turn, could help
smallholder farmers to address global challenges related to
malnutrition and food security.

Acknowledgements

We would like to express our gratitude to the University of
Haripur, Hazara Agriculture Research Station Abbottabad,
Summer Agriculture Research Station Kaghan and Seed
Potato Research and Multiplication Farm Battakundi, for
their support, facilitation and providing the opportunity to
conduct this research.

Authors’ Contributions

The primary author arranged, wrote and edited the
manuscript. All other authors equally contributed through
distinct areas of their research expertise.

Conflict of Interest

The authors declare no conflict of interest.

Data Availability

Data will be available on request from author.
Ethics Approval

This study does not require human or animal ethical
approval; however, all authors declare their informed
consent to be part of this manuscript. All information
contained in this manuscript is properly cited following
standard procedures.

References

Aboughadareh A, M Khalili, P Poczai, T Olivoto (2022). Stability indices to
deciphering the genotype-by-environment interaction (GEI) effect:
An applicable Review for use in plant breeding programs. Plants
11:414 https://doi.org/10.3390/plants11030414

Adebola PO, A Shegro, SM Laurie, LN Zulu, M Pillay (2013). Genotype x
environment interaction and yield stability estimate of some sweet
potato (Ipomoea batatas (L.) Lam) breeding lines in South Africa.
Environments 3:14411-14636 DOI: 10.5897/JPBCS2013.0387

Britannica T (2023). Editors of encyclopedia Britannica. Potato
Encyclopedia Britannica. https:/mww.britannica.com/plant/potato

Byarugaba AA, M Benon, D Tibanyedera, A Barekye (2018). Genotype by
environment interaction as a measure of yield stability of Dutch
potato varieties in Uganda. Afr J Agric Res 13:890-896 DOI:
10.5897/AJAR2018.13061

Cedarsa Y, YD Santchurn, JG Soulange, S Saumtally, Y Parmessur (2022).
Genotype-by-environment interaction for marketable tuber yield in
advanced potato clones using AMMI and GGE methods. Afr Crop
Sci J 30:331-346 DOI: 10.4314/acsj.v30i3.5

Eberhart ST, W Russell (1966). Stability parameters for comparing varieties
Crop Sci 6:36-40 https://doi.org/10.11248/jsta1957.45.22

FAOSTAT (2023). Food and Agriculture Organization of the United
Nations, Rome, Italy https:/Amww.faostat.com.

Flis B, L Domafiski, E Zimnoch-Guzowska, Z Polgar, SA Pousa, A Pawla
(2014). Stability analysis of agronomic traits in potato cultivars of
different origin. Amer J Pot Res 91:404-441
https://doi.org/10.1007/s12230-013-9364-6

Gauch HG (2006). Statistical analysis of yield trials by AMMI and GGE.
Crop Sci 46:1488-1500 https://doi.org/10.2135/cropsci2005.07-0193

Kim SJ, WB Sohn, MW Park, DC Chang, SY Hong, OK Kwon, JC Cheong,
BC Koo, YH Kim (2018). Interpretation of genotype x environment
interaction in agronomic traits in 24 potato cultivars using AMMI and
GGE biplot analysis. Kor Soc Breed Sci 50:90-103
https://doi.org/10.9787/KJBS.2018.50.2.90

Luitel BP, BB Bhandaril, B Thapa (2020). Evaluation of potato genotypes
for plant and yield characters in field at Dailekh. Nep J Sci Technol
19:16-24 https://doi.org/10.3126/njst.v20i1.39380.

Majeed A, Z Muhammad (2018). Potato production in Pakistan: Challenges
and prospective management strategies — A Review. Pak J Bot
50:2077-2084 mail.pakbs.org

Majeed A, Z Muhammad, Z Ullah, R Ullah, H Ahmad (2017). Late blight of
potato (Phytophthora infestans) I: Fungicides application and
associated challenges. Turk J Agric Food Sci Technol 5:261-266
https://doi.org/10.24925/turjaf.v5i3.261-266.1038

Malik SR, AKM Quamruzzaman, MDH Hossain, MM Rahman, MDA
Hoque, MDR Islam (2021). Diversity of potato varieties in
Bangladesh. Eur J Agric Food Sci 3:55-61
https://doi.org/10.24018/ejfood.2021.3.3.281

Mijic Z, V Kozumplik, H Sarcevic, V Meglic, | Varnica, T Cupic (2019).
Stability analysis of tuber yield using unbalanced data from potato
variety trials. Genetics 51:1151-1164
https://doi.org/10.2298/ GENSR1903151M

Monjil MS, T Ulfat (2020). Severity of potato late blight under different
weather conditions in Mymensingh region of Bangladesh. Progr
Agric 31:74-80 http//www.banglajol.info/index.php/PA

Mustamo YA, K Tjintokohadi, WJ Gruneberg, A Karuniawan, D Ruswadi
(2018). Selection of superior genotype of sweet-potato in Indonesia
based on stability and adaptability. Chil J Agric Res 78:461-469
http://dx.doi.org/10.4067/S0718-58392018000400461

PBS (2022-23). Pakistan Bureau of Statistics,
www.pbs.gov.pk

Pinto CA, AL Teixeira, DG Neder, RR Araujo, AR Soares, GH Ribeiro, AL
Lepre (2010). Potential of elite potato clones as new cultivars for
Minas Gerais State, Brazil. Hortic Brasil 28:399-405
https://doi.org/10.1590/S0102-05362010000400004

Scavo A, G Mauromicale, A lerna (2022). Dissecting the genotype x
environment interaction for potato tuber yield and components.
Agronomy 13:101 https://doi.org/10.3390/agronomy13010101

Islamabad.


https://doi.org/10.3390/plants11030414
https://www.britannica.com/plant/potato
https://doi.org/10.4314/acsj.v30i3.5
https://doi.org/10.11248/jsta1957.45.22
https://doi.org/10.2135/cropsci2005.07-0193
https://doi.org/10.9787/KJBS.2018.50.2.90
https://doi.org/10.2298/GENSR1903151M
http://www.pbs.gov.pk/
https://doi.org/10.1590/S0102-05362010000400004
https://doi.org/10.3390/agronomy13010101

AMMI Analysis for Adaptability and Stability of Potato Genotypes for Yield and Disease Tolerance / Intl J Agric Biol Vol 36, 2026

Statistix 8.1 (1995-2003). Analytical Software, Statistix; Tallahassee, FL
USA

Tatarowska BE, J Plich, D Milczarek, D Boguszewska-Ma nkowska, K
Zarzy nska (2024). Genotype by environment interaction (GEI) effect
for potato tuber yield and their quality traits in organic multi-
environment Domains in  Poland.  Agriculture  14:1591
https://doi.org/10.3390/ agriculture14091591

Teshome Z, A Sintayehu, A Zeleke (2022). Integrated management of late
blight potato (Phytophthora infestans, (Mont) de Bary) disease
through potato varieties and fungicides in Lay-Armachiho District,
Ethiopia. Adv Agric 2022:3880630
https://doi.org/10.1155/2022/3880630

Vandamme E, J Rinza, D Ramirez, J Ninyana (2023). Measurement of
potato tuber yield at maturity by crop cut at plot level, Standard
operating procedure 009. Excellence Agron 1:1-3 cgspace.cgiar.org

Worku A, G Mulugeta, B Berhun, T Abebe, G Giorgis (2018). Performance
and yield stability analysis of potato genotypes in Ethiopia. Adv Crop
Sci Technol 6:1-8 DOI: 10.4172/2329-8863.1000336

Zobel RW, MJ Wright, HG Gauch (1988). Statistical analysis of a yield trial.
Agron J 80:388-393
https://doi.org/10.2134/agronj1988.00021962008000030002x


https://doi.org/10.3390/
https://doi.org/10.1155/2022/3880630
https://doi.org/10.2134/agronj1988.00021962008000030002x

