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ABSTRACT

Agricultural scientists deals with diverse set
of characters in respect to range of crops for
making decisions through various field and
laboratory experiments. These varying and
extreme sets of data has to be analyzed and
interpreted to draw valid conclusions,
deciding the faith of long experimentations.
In case of plant breeders, it found that the
Mabhalanobis distance (D? statistics) is an
effective multivariate distance/metric that
measures the distance between a point and a
distribution. It is an extremely useful metric
having, excellent applications in multivariate
anomaly detection, classification on highly
imbalanced  datasets and  one-class
classification. Crop Improvement consists of
selection of parents, crossing those parents to
create variability, selection of elite genotypes
and synthesis of suitable cultivar(s) from the
selection. The choice of parental germplasm
with which to begin a hybridization program
is the most important decision a breeder
makes. However, it is only relatively recent
that quantitative genetic theory has been
applied to this question. Recent years it has
become imperative to use the modern
techniques and genetic methods to fasten the
process of improvement. Mahalanobis D?
Statistics is one of the powerful statistical
tools for estimating the genetic distances
between the germplasm. These may be
utilized for selecting parents in crossing
program. In this paper the attempt made to
discuss the procedural aspect of Mahalanobis
D? useful for conventional breeding along

with its applicability
experiments.

over range of

Key words: ANOVA, Clustering, D?
statistics, Genetic Divergence, Intra and

Inter Cluster Distances, Mahalanobis D?
analysis, MANOVA.

INTRODUCTION

Multivariate analysis in agriculture, involves
the use statistical techniques to analyze
multiple variables simultaneously e.g.
number of quantitative or qualitative traits,
allowing researchers to understand complex
relationships and patterns within agricultural
systems from given set of parameters. This
approach helps in making informed decisions
regarding  crop  selection,  resource
management, and overall farm
productivity. Commonly techniques viz.,
Principal Component Analysis (PCA), D?
statistics, Factor Analysis (FA), and
Canonical Correlation Analysis (CCA) etc
are employed. This paper focus on the
different aspects of D? Statistics coupled with
techniques to categorization of large number
of population and their usefulness through
transforming genetic distances into statistical
values.

The knowledge of nature and magnitude of
genetic diversity present in the germplasm is
most important pre-requisite for the success
of any breeding program. It is thus necessary
to survey the variation present in the
germplasm as the hybrids between diverse
lines displays greater heterotic effects than
those between the closely related.  The
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concept of combining ability plays an
important role in identification of parents and
production of superior parental lines or
hybrid. The general combining ability and
specific combining ability effects are the
foundations for any fruitful breeding
program. Allard (1960) pointed out that, the
common approach for selection of parents on
the basis of per se performance is not a good
indication of their superior combining
ability. The choice of parents in breeding
program for extreme areas has to be based on
the complex genetic information and
knowledge of combining ability of parents
and not merely on the field performance of
different  genotypes. Similarly, the
combining ability estimates are greatly
influenced by the environment, so that
studies in single environment may not
provide reliable information. Hence
knowledge about combining ability of
parents must be judged on set of
environments and use of basic biometrical
techniques. The genetic diversity of
selected parents is not always based on the
factors such as geographical diversity or
place of release or ploidy level. Hence many
statistical procedures viz., D? statistics, non-
hierarchical Eucledian Cluster, Meteroglyph
etc., are developed to measure the total
variability present among the genotypes.

The perception, when choosing parents is to
maximize the probability of generating new
lines that will perform better than the best
pure lines currently in use. The opportunity
for selecting superior yielding segregants in
any hybridization program is dependent of
choice of parents. The existing variety over
which improvement is sought is a logical
choice as one parent, because of its proven
performance. When the objective is to
improve yield per se rather any other
bottleneck trait, the second parent can be
either the second high yielding parent from
the same area of adaptation or from totally
different area. There is no consensus on how
best to choose parents selection remains one
of the critical unanswered questions in the
field of breeding, despite numerous
theoretical and empirical studies to identify

useful parents (Qualset, 1979 and Baker,
1984). The genetic architecture of a
population is the result of prolonged natural
and artificial selection. The population that
lives in the heterogeneous environment may
be genetically strongly diversified. Such
diversified populations are usually included
in the hybridization program because, more
diverse the parents, the better are the chances
of improving a character in view. However,
according to Gomez (1966), the magnitude
of heterosis increased with increased
divergence with restricted range of diversity
and decreased with further increments of
diversity. Therefore the information about
the nature and magnitude of genetic
divergence in a given population is essential
for selection of diverse parents which upon
hybridization lead to a wide spectrum of gene
recombinations for quantitatively inherited
traits. Among several statistical methods to
quantify genetic divergence, multivariate
analysis is a potent tool (Rao 1969).
Mabhalanobis (1928) D? analysis, recognized
as a powerful statistical tool to assess
genetically divergent genotypes was utilized
by several workers in range of several
agricultural crops to quantify the degree of
divergence at genotypic level. Moreover,
earlier =~ worker viz., Bhatt (1973)
demonstrated the usefulness of D? statistics
for choosing parents in wheat and
Arunachalam (1981) in his study on genetic
distance stated that genetic distance has a
definite role to play in an efficient choice of
parents for hybridization program.

PROCEDURES

Statistical procedures/techniques complexity
signifies the inherent challenges involved in
the analysis or modeling of a dataset, which
can stem from its structure, randomness, or
size. In this paper the sequential procedure
for using D? statics, dispersion techniques
and subsequent their application for selection
of genotypes for further improvement is
discussed as below.

A] Analysis of variance
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Generally, the field experiments are laid
down with proper randomization and
experimental units to minimize the risk of
experimental errors. The various standard
designs of experiments are available to
provide technical assistance to researchers in
their research especially in field. The
analysis of variance can performed to test the
significance of differences among the
genotypes for all the traits under
investigation. The analysis of variance is
generally out as per standard method (Panse
and Sukhatme, 1967; Singh and Chaudhary,
1985) for all the characters using appropriate
experimental designs viz., completely
randomized design (CRD), Randomized
block design (RBD), Factorial designs, Split

plots, Augmented designs, Lattices designs
etc.,. Here the most used design in field
experiments specially related to breeding or
agronomical studies has been discussed. The
statistical model wused for completely
randomized block design is

Yijk = p + gij + b + eijk

Where,

Yik = Phenotypic performance of ij®
genotype in k™ block

p =General mean

gij = Effect of ij'" genotype

bk = Effect of k" block

eijk = Error effect

The analysis of variance based on this
model is as under:

Source of variation | d.f. Sum of squares (SS) | Mean sum of squares (MSS) | F value
Observed Expected
Replications r-1 SSr Mr c’etgo’r Mr / Me
Genotypes g-1 SSg Mg cletro’g Mg/ Me
Error @) (g1) | SSe Me o’e
Total (re-1)
Where, helps researchers in plant breeding trials to

r = number of replications

g = number of genotypes

Mr= mean sum of squares due to replication
Mg= mean sum of squares due to genotype
Me = mean sum of squares due to error

‘F’ test:

The variance due to genotypes and due to
replications was tested against error variance
(Me) for significance.

‘t’ test:

The standard error of difference SE (d) and
critical difference (CD) between two means
were calculated for genotypes comparisons
as under:

S.E. (d) = Sqrt (2Me/r)

CD =S.E. (d) x ‘t’ value (at 5% at error df)
Analysis of variance (ANOVA) is crucial in
plant breeding for partitioning total variation

into different components like genotypic and
environmental variations. This technique

assess the significance of treatment
differences i.e. differences among set of
genotypes, estimate variance components,
and evaluate genotype-environment
interactions, which are vital for developing
superior crop varieties through following
strategic applications

(1) By understanding the
magnitude of  variation/differences,
breeders can make more informed
decisions about which traits to select for,
which parents to cross, and which
breeding methods to apply.

(i1) In case, if a character/trait is highly
influenced by environmental factors,
plant breeders might focus on developing
varieties that are more stable across
different sets of environment.

(1)If a trait is primarily determined by
genetic factors, breeders might focus on
selection and breeding methods that can
efficiently exploit this genetic variation
governed by genes.

sources and
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B] Analysis of dispersion and Wilk’s
criterion
The Wilks’ lambda (") is a test statistic that’s
reported in results from Multivariate
Analysis of  Variance @ (MANOVA),
discriminant analysis, and other multivariate
procedures. MANOVA is a statistical test
used to compare means of two or more
groups when there are multiple continuous
dependent variables. It expands on the
concept of ANOVA by handling situations
with several response variables
simultaneously. The features of these
techniques are
(1) In MANOVA, ‘* - tests’ if there are
differences between group means for a
particular combination of dependent
variables. It is similar to the F-test
statistic in ANOVA. Lambda is a
measure of the percent variance in
dependent variables not explained by
differences in levels of the independent
variable. A value of zero means that there
isn’t any variance not explained by the
independent variable (which is ideal). In
other words, the closer to zero the

statistic is, the more the variable in
question contributes to the model. You
would reject the null hypothesis when
Wilk’s lambda is close to zero, although
this should be done in combination with
a small p-value.

(i1) In discriminant analysis, Wilk’s lambda
tests how well each level of independent
variable contributes to the model. The
scale ranges from 0 to 1, where 0 means
total discrimination and 1 means no
discrimination. Each  independent
variable is tested by putting it into the
model and then taking it out —
generating a A statistic. The significance
of the change in A is measured with an F-
test; if the F-value is greater than the
critical value, the variable is kept in the
model

The analysis of dispersion was used to test

the significance differences in the mean

values between the genotype for the
aggregate of fourteen characters (X — Xi4)
based on Wilk’s criterion as described by

Rao, (1952).

Determinants of error variance and covariance matrix

Determinants of (genotype+error) variance and covariance matrix

The determinants were obtained by
following the pivotal condensation method
and multiplying each of the pivotal elements
of the corresponding matrices. Further ‘V’
statistic was calculated below.

‘V’ (Stat) = - mloge”

Where,

p = Number of characters

q = Number of genotypes

n = d.f. for error + d. f for genotypes
e=2.7183

The calculated ‘V’ (Stat) was tested at pq d.f
at 5% level of significance.

C] Estimation of Mahalanobis distance i.e.
D? values

Mabhalanobis distance is the distance between
a point and a distribution; and not between
two distinct points. It is effectively a
multivariate equivalent of the Euclidean
distance. It was introduced by Prof. P. C.
Mahalanobis in 1936 and has been used in
various statistical applications ever since.
Mahalanobis distance helps identify outliers
in multivariate datasets by considering the
relationships between variables. It is
particularly useful when dealing with
correlated variables, as it adjusts for these
correlations when calculating the distance.
The inverse matrix of original genotypic
variance covariance matrix was computed to
derive the relationship by which the original
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character mean (X; — X14) were transformed
to an uncorrelated set of variables Y1 — Yi4.
In term of variance and covariance, the D?

D> P P

values were obtained as follows

(Mahalanobis, 1936)

P -2 X Wi; [Xli —_Xzi] [_le _ij]

Where i=1g=l

[Xli‘—X %] = the mean of i character in the first and second genotype, respectively
Wi = Inverse of variance and covariance matrix.

The D? value obtained for a pair of
population is taken as the calculated value of
v? and is tested against the tabulated value of
2 for ‘p’ degrees of freedom, where ‘p’ is the
number of characters.

From interpretation point of view, a larger D?
value indicates a greater distance from the
mean of the distribution, suggesting the data
point is more likely to be an outlier.
Whereas, the D? value can be transformed
into a p-value using a chi-squared
distribution with degrees of freedom equal to
the number of variables, to assess the
statistical significance of the distance

D] Grouping of genotypes into different
clusters

The grouping of genotypes was done by
Tocher’s method as described by Rao (1952).
The criterion used in clustering was that any
two varieties belonging to the same cluster
should at least on an average show smaller
D? values than those belonging to different
clusters.

E] Average intra and inter — cluster
distances and cluster means

The average intra — cluster distance was
obtained by using following formula

Contribution of trait (%) towards divergence =

Averageintra — cluster distance D=

Where X Di? = the sum of distance between
all possible combinations (n) of genotypes
involved in a cluster.

The average inter — cluster distance was
calculated using all possible D? values
between genotypes included in any two
clusters. The cluster means were calculated
for individual character on the basis of mean
performance of the genotypes included in
that cluster.

F] Character towards
divergence:

For trait based selection program, it very
important to understand the contribution of
individual trait in diversity among candidate
genotypes under study. All the possible
combination of genotypes [n (n-1)/2], each
trait was ranked based on di values (yi' -yi?).
The highest mean difference was rank first
and lowest mean difference was rank “p”,
where “p” is total number of traits were
studied.

contribution

No of times appearing first in ranking by X

100 [n(n-1)/2]

Where, X; = 1 th character and n = number of genotypes
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G] Selection of parents for hybridization
program

The concept of genetic diversity is very
important in differentiating a population. It
is a prerequisite for initiating a hybridization
program because the choice of potent and
diverse parents determines the success of
such programs. Selection of diverse parents
in crossing program serve the purpose of
combining desirable genes to obtain superior
recombinations.

Selection of parents for hybridization from
different clusters was done on the basis of
mean statistical distance suggested by Bhatt
(1970).

3 T di
D =
n (n+1)72
Where,
D = mean statistical distance.
> di =sum of all D? values between all intra

and inter — clusters.
n = number of clusters.

The crosses between parents belonging to
different clusters having same or higher inter
— cluster distance than the mean statistical
distance may be attempted.

H] Applications of D? statistic in plant
breeding

In essence, the Mahalanobis distance i.e. D?
values provides a powerful statistical tool to
understand and establish the relationships
between data points and distributions,
especially when dealing with multivariate
data. The D? used in plant breeding through
various aspects viz.,

As a tool to measure Genetic
Divergence/distances among the large
population/genpool

Basis for selecting Parents for Hybridization
Exploitation of phenomenon of Heterosis
through crossing genetically diverse parents
Helpful as an effective technique for
grouping genotypes into clusters based on
their genetic similarity, which helps in
selecting diverse parents from different
clusters.

Overall, the D? statistic is a reliable Estimates
of Genetic Divergence compared to other
methods.

The trait-based improvement strategies can
be plan by improving the selection based on
diversity

This techniques helpful for identifying and
utilizing the diverse genetic resources in
planned manner to enhance to efficiency of
germplasm utilization

Although, there are reports of applicability
and usefulness of D? statistics in breeding
program has long list. Few important reports
in leading crops are summarized in Table 1

Table 1: Application of D? statistics techniques in important crops by research workers

Crop Workers

Black gram | Jayamani and Sathya (2013), , Reni et al (2013), Panigrahi et al (2014), Kuralasaran et al (2018),
Chowdhury (2020), Suchitra et al (2023) and Chauhan et al (2025)

Chickpea Manivannan (2002), Dwivedi and Lal (2009), Gaikwad et al (2014), Nimbalkar et al (2017),
Santosh et al (2017), Tamvar et al (2019) and Gamit et al (2024)

Cotton El-Moghny Ahmed et al (2015), Anjani et al (2018), Gnanasekaran et al (2018), Bhimate et al

(2019), Ujjainkar and Patil (2020), Ishaq et al (2021), Jyothi et al (2021), Satish (2021), Suman
Parre and Patil (2021), Dashmukhe and Ujjainkar (2022), Meena et al (2022), Ujjainkar (2022),
Rani Chapra et al (2023) and Surekha Salve et al (2023)

Fingermillet

Shinde et al (2013), Negi et al (2017), Subramaya and Ravikumar (2020), Meera (2021), Reddy
and Vengadessan (2022), Bharathi et al (2023) and Patel et al (2024),

Green gram

Sridhar et al (2022), Udayasri et al (2022), Bindu et al (2023), Jadhav et al (2023) and Laxmi
Kanwar et al (2024)

Groundnut | Dolma et al (2010), Waghmode et al (2017), Hampannavar and Khan (2018), Shruti et al (2019),
Abadya et al (2021), Dhutatra et al (2022) and Rathore et al (2022), Yadav et al (2022)

Maize Udaykumar et al (2013), Suryanarayana et al (2017), Jakhar et al (2018), Punya sharma et al
(2020), Hussain et al (2021), Patil et al (2021) and Rumit Patel et al (2024)

Pigeonpea Upadhaya et al (2007), Patel et al (2018), Verma et al (2018), Zavinon et al (2019), Kandarkar

et al (2020), Zavinon et al (2020), Naing et al (2022) and Baria et al (2024)
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Sesame

al (2024)

Kadir et al (2001), Ujjainkar et al. (2002), Jadhav and Mohrir (2013), Swathy et al (2018),
Arpitha et al (2019), Hukumchand and Parmeshwarappa (2019), Gokulakrishnan et al (2019),
Ramprasad et al (2019), Sirisha et al (2020), Swapna et al (2023) and Chanchal Shakyawal et

Sorghum

Bhadouriya (2024)

Doijad et al (2016), Tesfaye (2017), Prasad et al (2018), Kavithamani et al (2019) Prasad and
Sridhar (2019), Prashanth et al (2021), Verma and Biradar (2022) and Bhadouriya and

Soybean

Sareo et al (2018), Joshi et al (2018), Darai et al (2020), Nag et al (2020), Upadhay et al (2020),
Tigga and Nag (2021), Beyene and Jalata (2022) and Banerjee et al (2023),

Wheat

and Lohitha et al (2024)

Ali et al (2017), Fouad (2020), Pandey et al (2021), Chaudhary et al (2022), Neeru et al (2022)

Although, its cleared from review of
literature of workers using Mahalanobis D?
statistics techniques to assess the genetic
diversity among germplasm for their further
utilization in improvement programs. The
ulility of this about century old statiscal tool
is always highlighted by crop breeders for
screeing large material.

I] Merits of Mahalanobis D? statistics

D? statistics helps in quantification of
Genetic Divergence:  The D? analysis
provides a numerical measure (the D?
value/estimates) that quantifies the genetic
distance between different groups.

It helps to identify the promising parents: By
identifying groups with high D? values,
breeders can easily select the parents for
hybridization that are likely to produce
offspring with a wide range of desirable
traits with the hypothesis of better
performance of heterozygous individuals

D? statistics facilitates the handling of
multiple quantifiable characters in single
analysis: D? analysis can incorporate
multiple  traits/quantitative  characters
simultaneously in single analysis, providing
a more comprehensive assessment of genetic
diversity than methods that consider traits
individually. It also represent the overall
diversity estimates for set of traits under
study.

Effective technique for screening of Large
Germplasms: D? statistics allows for the
evaluation of a large number of germplasm
lines at once based on important traits.
Reliable Estimates: Breeding decisions
mainly based on  estimates and
interpretations of data obtained by analysis.
D? provides reliable estimates of genetic

distances, which can be immensely helpful
for making breeding decisions regarding
genotypes.

Helpful for understanding the Genetic
Relationships  within and among the
genepool: The D? statistics analysis helps
understand the relationships between
different groups, revealing which are more
or less related based on statistical distances
(D? values/distances).

J | Demerits of D? statistics

Complexities in calculations: It’s observed
that D? statistics involves long calculations,
matrix, inverses of matrices etc., making it
difficult. The calculations involved in D?
analysis can be complex, when dealing with
a large number of traits and genotypes so the
expertise is essential.

Sufficient Data: D? analysis requires a
substantial amount of data, including
measurements for all traits on all genotypes
being compared. The more data is better to
predict the exact quantification of diversity
among the members of experimental
material. Moreover, the unreplicated data is
not suitable for this analysis.

Non realistic assumptions: In field
experiments, many conditions are not in
control of research workers. The analysis
relies on certain assumptions about the data,
such as multivariate normality, which may
not always be met in real-world scenarios or
in other words it’s impossible in reality for
experimentations under the vagaries of
environmental conditions.

Problems of Statistical Robustness: The
estimates obtained from D? analysis may not
always be statistically robust, especially if

International Journal of Research and Review (ijrrjournal.com) 133
Volume 12; Issue: 8; August 2025



Dr. Vaibhav Ujjainkar. ‘D2 statistics’ technique: methodology and applications in plant breeding

the data is not well-behaved and irrelevant
data is analyzed.

Interpretation Challenges: Breeders mostly
keep distance with D? statistics due to
exaggerated data tables/data values and
subsequent interpreting the results of D?
analysis can sometimes be challenging,
especially when dealing with complex
datasets or when the genetic relationships
are not straightforward.

Computational Resources: Analyzing large
datasets with D? can require significant
computational resources which makes it
challenging.

CONCLUSION

Selection of parents based on per se
performance, eco—geographical diversity had
a limited success in past. However, several
methods of multivariate analysis and
metroglyph analysis have been found to be
useful in selecting parents in crossing
program. However, to quantify genetic
divergence and identify parents with
desirable traits for breeding programs is
efficiently achieved through Mahalanobis D?
statistics, which uses a numerical approach
based on second-order statistics to measure
the force of differentiation among genepool.
It’s also observed that this approach is widely
used in plant breeding to select genetically
diverse parents for crosses as it efficiently
express and quantify the degree of
divergence between groups, and the
contribution of each trait to the overall
divergence can be determined. It may be
concluded that the D? statistic is a significant
instrument for plant breeders to measure
genetic diversity, select parent plants for
hybridization, and ultimately produce
enhanced crop varieties with superior traits.
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