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ABSTRACT

An attempt has been made to construct non-parametric stability index, based on 36 different China aster lines
evaluated during 2021-2023. Individual trait based parametric stability measures revealed differential ranking
of lines across characters. Results based on the combined non-parametric stability measures computed, line
15-41-3, followed by 15-41-1 and 15-41-16 were identified as stable across three years for all the traits evaluated
(plant height (cm), plant spread (cm), number of branches per plant, flower diameter (cm), number of flowers
per plant, stalk length (cm), and vase life (days). This research calls for constructing non-parametric index for
assessing the stability of set of lines collectively based on various traits, evaluated over seasons/years in an

experimental set up to have a realistic assessment in studies related crop varietal release.
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INTRODUCTION

The primary goal of improving crop productivity is
to harness the genetic diversity present in available
plant materials through various statistical analysis
methods, and thus ultimately identifying stable
varieties suitable for release at either institutional or
multi-location levels. However, this process is
complicated by the presence of genotype x
environment (GXE) interactions, which make it
challenging to accurately assess a variety’s true genetic
potential.

This interaction can result in situations where a
particular variety might show high yield but fall short
in quality or essential disease resistance characteristics,
when compared to the benchmark standards set by
control varieties that are targeted for improvement.
Additionally, plant breeders typically prefer to
recommend to farmers those entries that demonstrate
consistent performance across all evaluated
characteristics over multiple years, seasons, and
locations, including the specific traits targeted for
improvement, rather than entries that excel in only a
limited number of characteristics. This situation
emphasizes the necessity of implementing
comprehensive stability analysis methods in crop
improvement research programs based on trait
pyramiding.

Traditional parametric stability analysis methods have
been developed and widely used in horticultural crop
improvement research since 1966. These methods have
been applied in various studies, such as those involving
onions (Venugopalan & Veere Gowda, 2005),
watermelon (Venugopalan & Pitchaimuthu, 2009), and
chili peppers (Venugopalan & Reddy, 2010).

In addition to some limitations to this parametric
approach, they evaluate each genotype’s contribution
to genotype x environment (GxXE) interaction solely
based on individual trait performance and stability
across years. This approach doesn’t align fully with
breeders’ needs, as they prefer to assess genotypes
based on both their relative performance and stability
over years, while, also considering performance across
multiple traits simultaneously. This limitation of
traditional parametric methods highlights the need for
appropriate non-parametric approaches that can
provide a more comprehensive evaluation of crop
varieties. Hence, Venugopalan et al. (2020) introduced
a method called venugopalan index for identifying the
best okra line simultaneously based on crop stability
across years collectively for several traits.

Traditional statistical methods (parametric
approaches) for measuring plant performance stability
are commonly employed in breeding programs,
primarily focusing on analyzing variations and related
statistical measures. However, in many breeding

@@@@ This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
AT which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.



P
o) &
%, S

applications, what matters most is how varieties rank
in comparison to each other. This makes a strong case
for using alternative, non-statistical (non-parametric)
approaches when evaluating how consistently different
crop varieties perform.

These non-statistical methods offer several benefits
compared to conventional statistical approaches. They
don’t require the data to follow specific statistical
patterns, making them more flexible. They are less
affected by unusual or extreme results that might skew
the analysis. They’re more straight forward to
understand and apply in practice. Additionally, these
methods remain reliable even when plant varieties are
added to or removed from the analysis, as such
changes don’t significantly impact the overall findings
(Truberg & Huhn, 2000; Adugna & Labuschagne,
2003; Kaya et al., 2003).

Here, we made an attempt to identify a best multi-
variaty traits based stable line(s) across years in China
aster genotypes and also to classify them based on
their stability measurements across different methods.

MATERIALS AND METHODS
Database

Thirty six different China aster lines (15-41-12,
15-42-1, 15-42-2, 15-42-3, 15-52-1, 15-57-1,
15-57-3, 15-20-4, 15-39-6, 15-39-11B, 15-39-12,
15-41-7, 15-32-2, 15-32-1, 15-57-7, 15-40-1,
15-40-2, 15-41-5, 15-41-10, 15-39-4, 15-41-16,
15-39-14, 15-41-1, 15-41-3, 15-16-1, 15-36-1,
15-41-9, 15-41-18, 15-41-21, 15-57-5, 15-57-6,
15-31-1, 15-39-3, 15-57-2, 15-14-1, 15-36-2)
evaluated during 2021-2023 at ICAR-Indian
Horticultural Research, Bengaluru, India for different
yield and yield attributing traits such as plant height
(cm), plant spread (cm), number of branches per plant,
flower diameter (cm), number of flowers per plant,
stalk length (cm) and vase life (days) were considered.

Non-parametric approach of stability analysis

A number of non-parametric measures for assessing
yield stability have been proposed (Nassar & Huhn,
1987; Thennarasu, 1995). These statistical measures
are based on the ranks of the genotypes in each
environment tested. The ranking is based on values of
Yij (measured values of traits with respect to
i" genotype and j" environment, respectively) with
lowest Yij value receiving the rank 1, the next higher
value 2 and so on. The non-parametric measures based
on yield ranks of the genotypes in each environment
are worked out are given here.
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The rank rij is determined based on the rank of
it" genotype in j* environment (rij is the rank values of
the all traits across i™ genotype and j* environment).
The uncorrected Yij has the drawback that they may
show significance even when there is no GE
interaction. Hence, rank rij* is determined based on
corrected phenotypic values Y*ij=[Yij], being the mean
performance of ith genotype. The corrected values
depend only on the GE interaction and error
components. Mdi* is the median ranks for adjusted
values. These measures are widely used to assess the
stability for different characters individually in crop
improvement research. A detailed study from practical
point of view is discussed by Ravi et al. (2013).

Strengths and limitations of the non-parametric
approach in stability analysis

Non-parametric measures are well justified for
evaluating the yield stability of crop varieties. Their
key benefits include: (i) They do not require any
assumptions about phenotypic data, (ii) They are less
sensitive to measurement errors and outliers compared
to parametric methods, (iii) The inclusion or exclusion
of a few genotypes does not significantly alter their
results, (iv) Since breeders are often interested in
crossover interactions, stability estimates based on
rank data are more meaningful, and (v) These methods
are particularly valuable when parametric approaches
fail due to substantial non-linear genotype-environment
interactions. As a result, non-parametric techniques are
widely used in crop variety selection, especially when
crossover interactions are of primary concern (Raiger
& Prabhakaran, 2001). However, it is well recognized
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that non-parametric methods are generally less
powerful than parametric ones.

Non-parametric method for crop variety release
developed at ICAR-ITHR, Bengaluru

In the discussed non-parametric approaches for crop
stability analysis, statistical measures rely on genotype
rankings across different environments, derived from
either average or median ranks. Each trait is analyzed
separately based on genotype performance. However,
researchers may prioritize specific traits lacking in
existing varieties, and arbitrarily assigning weights to
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traits could influence final recommendations. From a
practical perspective, breeders aim to identify lines that
perform consistently well across all traits,
environments, and seasons rather than excelling in only
a few. Considering both positive and negative traits,
a stability-based weighting approach was developed.
This led to the proposal of a non-parametric index,
the Venugopalan Index (Venugopalan et al., 2020),
which evaluates genotype contributions to GE
interaction based on relative performance and multi-
trait stability in okra breeding. A step-by-step
procedure is illustrated in a flowchart (Fig. 1).

N
«Standardization of data is required as characters are measured in different scales.

. J
\/ ~
ctar | *Run univariate ANOVA for all characters by taking different environments as replication.

ithout
'm:vera::ntl;on )
~
1 s ; : :
i Take y,= T 50 that trait with least error will get highest importance.
EMS
*Proportion of individual y; is taken over total Y.
Y=Yy, Wi=}—;ix100
J
*Take the difference of individual value and the check )
*Positive character: Indivisual value - check value
*Negative character: Check value - Indivisual value )
~
» *This is calculated by dividing the differenced value by check value and multiplying by 100
. J J

Index value|

N
*This is calculated using a logical statement viz., if the superiority % value multipled with
respective weightage is exceeding the check value then retain that value else take the check

Final score

value.
J
N
*Sum the index value over all characters for genotypes.
F
N
+Final score with highest positive value will be selected as a best line.
J

Fig. 1 : Flow chart of non-parametric method for crop varietal release
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Grouping of lines based on stability measures China
aster multi-location trials

Principle component analysis (PCA) was adopted to
test the grouping of lines/genotypes of china aster
based on seven stability measures (NPi , NPi,, NPi,,
Si,, Si,, Si, and IIHR method).

RESULTS AND DISCUSSION

Non-parametric indices for varietal assessment
based on multi-variate traits stability across
locations

Multivariate approach was adopted for assessing the
stability of 36 China aster lines (15-41-12, 15-42-1,
15-42-2, 15-42-3, 15-52-1, 15-57-1, 15-57-3,
15-20-4, 15-39-6, 15-39-11B, 15-39-12, 15-41-7,
15-32-2, 15-32-1, 15-57-7, 15-40-1, 15-40-2,
15-41-5, 15-41-10, 15-39-4, 15-41-16, 15-39-14,
15-41-1, 15-41-3, 15-16-1, 15-36-1, 15-41-9,
15-41-18, 15-41-21, 15-57-5, 15-57-6, 15-31-1,
15-39-3, 15-57-2, 15-14-1, 15-36-2) based on
experimental trials conducted during years 2021-2023
for different yield and yield attributing traits.

At the first instance, individual trait-based stability
measures developed, revealed differential ranking of
entries across locations and when summed up revealed
that none of these 36 lines was consistently ranked in
the same order for every trait. However, the non-
parametric approach based on combined index of all
traits & stability over locations revealed that
15-41-3, 15-41-1, 15-41-16 (in the same order) as
superior with the combined index for these entries
worked out being 2592.60, 2537.97 and 2292.13,
respectively. Hence, in view of differential ranking of
entries if assessed trait wise for stability, combined
index may be employed for capturing the reality.

Vase life (days)
Stalk length (em) 6%
11%
No. of flowers

per plant
11%

Plant height (cm)

24%

Plant spread
(cm)
11%

Fig. 2 : Weightage of various traits computed
(for combined non-parametric index) in China aster
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Accordingly, new index as discussed was adopted
which was based on assigning derived weights
(Fig. 2) for all the traits and collective ranking based
on all the traits.

Principal component analysis

To observe the grouping of genotypes/line based on
the different measures of stability principal component
analysis were used and the results of the PCA were
depicted below. The results based on scree plot
revealed that (Fig. 3) PC1 explains the highest amount
of variance (approximately 45-50% based on the
y-axis).

Scree Plot

0

Principal Components

Varience Explained (%)

Fig. 3 : Scree plot

PC2 and PC3 each explain around 20% and 18%,
respectively. Sharp drop-off after PC3, with PC4-PC7
contributing minimally (under 10% each). Based on
the component selection, on the “elbow” rule, selecting
3 principal components would be reasonable. These
first 3 PCs together explain roughly 80-85% of total
variance. Additional components (PC4-PC7) provide
diminishing returns

Data structure implications revealed that the steep
initial slope suggests strong correlation structure in the
original data. Most of the meaningful patterns can be
captured in 3 dimensions. The flat tail (PC4-PC7)
likely represents noise or very minor variations.

While considering both Fig. 3 and Table 1, it is clearly
proved that PC1 contribute more variance explained
and in that also IIHR method (Venugopalan Index)
being the superior one for identifying the multiple
genotypes/lines across the seasons/locations of China
aster.
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Table 1 : PCA loading
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Stability measures PC1 PC2 PC3 PC4 PC5S PCé6 PC7
Si, -0.46 0.00 0.32 0.43 -0.40 -0.53 0.21
Si, -0.42 -0.45 0.15 0.00 -0.33 0.52 -0.47
Si, -0.28 -0.62 -0.15 -0.53 0.19 -0.28 0.35
NPi, -0.39 -0.07 -0.44 0.56 0.58 0.06 -0.06
NPi, -0.43 0.44 -0.11 -0.19 -0.13 0.48 0.56
NPi, -0.40 0.45 -0.18 -0.43 0.04 -0.35 -0.54
ITHR method -0.15 0.09 0.78 -0.09 0.58 0.09 -0.01

The grouping of genotypes based on the stability
measures are presented in Fig. 4.

For seven different yield and attributing traits
(plant height, plant spread, number of branches per
plant, flower diameter, number of flowers per plant,
stalk length and vase life) identified three groupings
(group 1: 15-41-7,15-41-18,15-57-3, 15-41-21, and
15-41-12; group 2: 15-41-1,15-41-16, 15-36-1,
15-41-3,15-57-6,15-57-7, and 15-41-10; group 3:
15-32-1, 15-39-11B, 15-40-1, 15-39-14,15-31-1 and
15-39-6) and the descriptive statistics for each group
has given in Table 2.

Longer vectors indicate stronger influence on the
variation between samples. Hence, flower diameter,
plant height, stalk length, plant spread, number of
flowers and branches per plant showed very strong
influence on the variation between the genotypes, and

PCA Biplot for Chine Aster Lines

Flowe iameter (Q

Dim2 (27.6%)

Dim1 (39.9%

)

plant height, stalk length and plant spread pointing in
similar direction and it suggesting positive correlation
between the traits. Then, flower diameter with number
of branches and flowers per plant showing negative
correlation. With respect to flower diameter with vase
life, plant spread with number of branches per plant
and stalk length with number of flowers per plant
showing right angle direction indicates that there is no
correlation between the traits.

Environmental variability poses a significant challenge
in crop improvement programs, as genotype-by-
environment (G x E) interactions can diminish
selection efficiency and reduce the accuracy of genetic
predictions. When evaluating crop varieties or hybrids,
assessing stability based on just one or a few traits is
often inadequate, since breeders aim to develop
varieties that demonstrate consistency across multiple
desirable characteristics.

Groups
15-14-1 ® 154112
& 15161 ¢ 154116
15-20-4 O 15-41-18
15-31-1 0 15-41-21
15-32-1 > 15-41-3
15322 L 15415
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“  15-39-11B 15-42-1
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N
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Fig. 4 : PCA biplot for China aster lines
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Table 2 : Cluster group descriptive statistics
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Parameter Plant Plant No. of Flower No. of Stalk Vase
height spread branches/ diameter flowers/ length life
(cm) (cm) plant (cm) plant (cm) (days)
Group 1 (15-41-12, 15-57-3, 15-41-7, 15-41-18, 15-41-21)
Mean 67.15 37.92 9.27 6.84 41.82 49.46 8.27
Standard error 2.09 1.70 0.83 0.26 2.12 1.60 0.40
Median 68.86 36.50 9.50 6.48 43.83 49.00 8.33
Standard deviation 4.66 3.80 1.85 0.58 4.75 3.57 0.90
Sample variance 21.76 14.44 3.42 0.34 22.52 12.77 0.80
Kurtosis 2.60 0.37 -1.90 -0.64 3.71 -2.64 1.74
Skewness -1.52 1.07 -0.38 1.06 -1.90 0.23 -1.18
Range 12.11 9.47 4.34 1.34 11.72 7.94 2.34
Group 2 (15-57-7, 15-41-10, 15-41-16, 15-41-1, 15-41-3, 15-36-1, 15-57-6)
Mean 71.98 4433 13.69 6.45 54.29 51.99 8.36
Standard error 1.82 1.93 0.43 0.12 2.99 0.86 0.16
Median 73.67 42.83 13.83 6.42 52.67 52.11 8.33
Standard deviation 4.80 5.11 1.14 0.33 7.92 2.27 0.44
Sample variance 23.08 26.10 1.31 0.11 62.66 5.16 0.19
Kurtosis -0.76 4.20 -1.09 1.45 -0.11 -1.08 -1.95
Skewness -0.69 1.77 0.48 0.74 0.69 -0.10 -0.15
Range 12.83 16.33 3.00 1.05 23.17 6.33 1.00
Group 3 (15-39-6, 15-39-11B, 15-32-1, 15-40-1, 15-39-14, 15-31-1)
Mean 57.07 39.83 18.47 5.99 58.92 47.19 8.53
Standard error 1.65 1.29 1.14 0.18 3.52 1.79 0.15
Median 56.42 41.00 18.83 6.09 57.33 46.75 8.67
Standard deviation 4.05 3.17 2.80 0.43 8.61 4.38 0.37
Sample variance 16.40 10.05 7.81 0.19 74.20 19.16 0.14
Kurtosis -0.76 0.93 1.19 2.50 2.71 -2.96 -1.78
Skewness 0.51 -1.24 -0.98 -1.30 1.37 0.10 -0.64
Range 10.92 8.50 8.00 1.28 25.34 9.28 0.83

A non-parametric ranking approach has been
developed to identify superior lines across multiple
growing seasons, considering overall performance
across all traits rather than focusing solely on one or
two characteristics. This method determines trait
importance by assigning weights based on
demonstrated stability both across years and within
replicated trials, rather than using arbitrary weighting
systems. The approach also accounts for traits where
either increase or decrease is desirable relative to
existing cultivars.

This comprehensive evaluation methodology is
recommended for variety identification and release
programs, particularly in multi-location trials (MLT).
The system offers a more holistic approach to variety

assessment and selection. Analysis using seven
stability parameters (Si,, Si,, Si,, NPi , NPi, and I[IHR
method) evaluated seven key characteristics in China
aster: plant height, plant spread, branch count per
plant, flower size, flower count per plant, stalk length,
and vase life duration. This analysis revealed three
distinct clusters of plant lines. The first cluster
comprised lines 15-41-7, 15-41-18, 15-57-3,
15-41-21, and 15-41-12. The second cluster included
lines 15-41-1, 15-41-16, 15-36-1, 15-41-3, 15-57-6,
15-57-7, and 15-41-10. The third cluster consisted of
lines 15-32-1, 15-39-11B, 15-40-1, 15-39-14,
15-31-1 and 15-39-6 respectively.
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CONCLUSION

The present study concluded that based on the
combined non-parametric stability measures
(for 36 lines) computed 15-41-3, followed by
15-41-1 and 15-41-16 are stable across all traits
evaluated plant height, plant spread, number of
branches per plant, flower diameter, number of flowers
per plant, stalk length and vase life across three years
(2021, 2022 and 2023), which will be utilized by the
breeder in the ongoing hybridization trials.

REFERENCES

Nassar, R., & Huehn, M. (1987). Studies on
estimation of phenotypic stability. Tests of
significance for non-parametric measures of
phenotypic stability. Biometrics, 43, 45-53.
https://doi.org/10.2307/2531947

Raiger, H. L., & Prabhakaran, V. T. (2001). A study
on the performance of few non parametric
stability measures. Indian Journal of Genetics,
61(1), 7-11.

Ravi, G. S., Venugopalan, R., Padmini, K., & Gowda,
D. M. (2013). Nonparametric measures for
assessing yield stability in cucumber.

PRomorioN OF ¥

International Journal of Agricultural and
Statistical Sciences, 9(1), 365-371.

Thennarasu, K. (1995). On certain non-parametric
procedures for studying genotype-environment
interactions and yield stability. Indian Journal of
Genetics, 60, 433-439.

Venugopalan, R., Pitchaimuthu, M., & Chaithra, M.
(2020). Non-parametric stability approach for
horticultural crop varietal release. Journal of the
Indian Society of Agricultural Statistics, 74(1),
73-80.

Venugopalan, R., & Veere Gowda, R. (2005). Stability
analysis in onion: A statistical look. Journal of
the Indian Society Coastal Agricultural
Research, 23(2), 123-129.

Venugopalan, R., & Pitchaimuthu M. (2009). Statistical
models for stability analysis in watermelon.
Journal of Horticultural Sciences, 4(2),
153-157. https://doi.org/10.24154/jhs.v4i2.534

Venugopalan, R., & Madhavi Reddy, K. (2010).
Stability analysis for fruit yield and attributing
traits in chilli. Vegetable Science, 37(2), 141-145.
https://doi.org/10.61180/

(Received : 25.3.2025; Revised : 26.12.2025; Accepted : 30.12.2025)






