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Abstract: Seed varietal identification isa critical procedure in modern agriculture that has abig impact on
crop production results and sustainability. This article examines different approaches to seed variety
identification, highlighting theimportance of seed varietiesin maintaining crop quality, increasing productivity,
and satisfying arange of agricultural demands. Conventional techniques, such asthe Distinctness, Uniformity,
and Sability (DUS) test and the Grow-Out Test (GOT), rely on morphological traits. Chemical techniques,
such asthe Peroxidase and Phenol Tests, provide accurate and timely results. High precision is achieved in
differentiating closely related types using molecular techniqueslike Polymerase Chain Reaction (PCR) and
biochemical techniqueslike electrophoretic analysis. Maintaining the genetic purity, legitimacy, and quality
of seed supply iscritical for regulatory compliance, market trust, and selective breeding. Theseidentification
procedures play amajor rolein ensuring these qualities. By employing these methods, farmersand researchers
can make informed decisions that support sustainable agricultural practicesand boost overall productivity.

Keywords: Genetic purity, Grow-out test (GOT), Seed varietal identification, Selective breeding, Sustainable
agriculture

I ntroduction

In today’s agriculture, seeds are fundamental because they have a major impact on crop
production outcomes and sustainability. In agricultural systems, distinguishing between several
seed kinds is a basic procedure that fulfils multiple vital functions (Azizi et al., 2021).
Sdlective breeding procedures enable the development of improved plant types while also
ensuring the authenticity and purity of seed supplies (MacLachlan et al., 2021). Furthermore,
maintaining the reliability and dependability of agricultural products on the market requires
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meticulous adherence to regulatory criteria on seed quality and varietal purity. This paper
will emphasize the critical role these methods play in ensuring crop quality, enhancing
productivity, and meeting the diverse needs of agriculture across different contexts and
environments.

What is Seed Varietal | dentification?

The approach to distinguish different varieties or types of seeds within a plant species is
known as seed varietal identification, which is of prime importance in agriculture. This
identification is essential for maintaining crop purity, assisting breeding projects, adhering
to regulations, and assuring market confidence (Mudler & Flachs, 2022). Farmers and
researchers can enhance crop quality, makewdI-informed decisions, and support sustainable
agricultural practices by correctly identifying seed varieties (Cooke, 2020).

M ethods of Varietal | dentification

Traditionally, the grow-out test (GOT) is used to assess the genetic purity of varieties. It is
based on the evaluation of morphological and floral characteristics known as “ descriptors”
in plants that have reached maturity. There were two main reasons why varietal tests were
relatively easy in the past: (1) there were fewer varieties, and (2) the differences between
types were typically larger. Seed analysts needed newer, more dependable methods of
differentiating between varieties in light of the success of contemporary plant breeding, the
ensuing variety boom, and the emergence of several closdy related kinds (Korir et al., 2013).

Methods
Morhological Chemical | | Biochemical Molecular
Grow out DUS Seed Insepection of
Test |[| Test ||| Morphology |  seedling

Figure 1: Flowchart on M ethods of Varietal identification

M orphological M ethods

It involves the examination of physical traits such as seed size, shape, colour, and texture.
These methods are often thefirst step in identifying seed varieties and are widely used dueto
their simplicity and cost-effectiveness.

Grow-Out Test

Grow-out test (GOT) isacrucial techniquefor varietal identificationin agriculture. It involves
cultivating a sample of seeds in controlled conditions to observe the morphological
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characteristics of theresulting plantsand verify that they correspond to the expected traits of
the specified variety. The GOT is the official method used to monitor the seed lot’s genetic
purity. It prevents genetic contamination by acting as both a “post-control” and a “pre-
control” test. It is arequirement for seed certification of hybrids of some species, including
cotton, castor, musk melon, and brinjal, according to official Indian rules (Kavimandan &
Khan, 2011).

According to the Seeds Act of 1966, the test must be performed to verify the sdller’s
label regarding the genetic purity status of the seed lot. The GOT is atool that can be used
to assess the effectiveness of the inspector or the certifying body.

Procedure of GOT
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Figure 2: Procedure of Grow out test (Kumar et al., 2021)

Results Reporting

Resultsreporting for grow-out tests involves several key components. Firstly, it isimperative
to record the percentage of various species, cultivars, or off-type plants identified in the
findings. If the sample received differs from the claimed cultivar, this variation must be
accurately documented in the report. Additionally, should the presence of plants from other
cultivars surpass 15%, the report must specify that the sample comprises a blend of distinct
cultivars. Conversdy, if the grow-out test reveals no significant deviations or discrepancies
from the provided cultivar or species name, the report should indicate that no noteworthy
observations were made.

DUS Test

DUS stands as Distinctness, Uniformity & Stability. It is a standardized method used for the
identification and registration of plant varieties. This test is crucial for ensuring that new



32 Diptesh Pradhan, Sneha Patra and Aditya Pratap Singh

plant varieties are distinct, uniform, and stable, which are key criteria for granting plant
breeders’ rights (Gilliland and Gensollen, 2010).

For seed varietal identification, certain criteria must be met to ensure distinctness,
uniformity, and stability (DUS). Distinctness refers to the clear differentiation of a variety
from any others, particularly regarding at least oneidentifiable characteristic. Uniformity is
essential for the variety to be consistently described and characterized, indicating alevel of
homogeneity within its traits. Stability is crucial as it denotes the ability of the variety to
maintain its essential characteristics over successive generations, even under varying
environmental conditions and propagation methods. These criteria collectively serve as
fundamental benchmarks in the assessment and classification of plant varieties, facilitating
their recognition and ensuring reliability in agricultural practices and breeding programs.

A DUSttest istypically carried out over the course of two consecutive growth seasons
in a glasshouse in the fiedld. Many mostly morphological traits are noted during this time on
thenew (or candidate) variety aswell ason related varietiesinwhat isreferred to as“ Common
Knowledge.” If there are differences, they are measured and observed according to
internationally recognized protocols. In compliance with the rules and specifications set
forth by the International Union for the Protection of New Varieties of Plants (UPQV), itis
carried out bothin alaboratory and on atrial field. Common knowledge holdsthat avariety
that has been registered and awarded rightsis a registered variety.

M ethodology

The DUS test involves several crucial steps

a. Selection of Characteristics: Thetest targets specific morphological and physiological
traitsthat arerelevant and quantifiable. Thesetraits are predetermined and standardized
for each crop species.

b. GrowingTrials: Samples of the candidatevariety and comparator varietiesarecultivated
in controlled field trials. These trials span at least two growing seasons to ensure
consistent results.

c. Observation and Recor ding: Detailed observations and measurements of the selected
traits are conducted at various stages of plant growth. Traits assessed may include
plant height, leaf shape, flower colour, and fruit size.

d. DataAnalysis: Thegathered datais analysed to ascertain whether the candidate variety
meets the criteria for distinctness, uniformity, and stability. Statistical methods may be
employed to ensure precision and objectivity.

Seed Morphology Test

Their examination involves the use of appropriate and necessary magnification to analyse
morphological features. The size and form of the grain, the base of the lemma, the hairsin
the vertical crease, the hairsin therachilla, the deviation of thelateral dorsal nerve, etc. Full
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daylight or light with a narrow spectrum, such as UV light, is used to study the colour
properties. In certain species, the inner structure of the seed coat and its variations are
studied using eectron microscope scanning.

Examination of Seedlings

On seedlings, numerous useful varietal identification tests have been carried out, providing
several noteworthy benefits. Compared to observations of ungerminated seeds, seedling testing
can yield more detailed information since the early growth stages can display unique
morphological and physiological traitsthat are essential for preciseidentification. Furthermore,
these tests take a lot less time than fie d grow-out tests, which need a whole growing season
in order to examine mature plants. Shorter turnaround times for seedling test results enable
speadier decision-making in breeding programs and quality assurance. Reliability isincreased
by conducting these studies in controlled settings, such as greenhouses, which lessen external
unpredictability. All things considered, seedling tests are useful and effective, aiding in the
creation and upkeep of premium, pure seed kinds.

Chemical Method

Additional benefitsfor varietal identification comefrom a variety of chemical or laboratory
testing. These chemical tests may be carried out under controlled circumstances at any time
of year and are very rapid and simpleto perform. The seeds’ colours differ as shown by the
chemical testing. Additional advantages for achieving more authentic results include the
study of phenotypic characteristicsin conjunction with chemical and biochemical approaches.
The chemical agents in these assays interact with the seed to aid in varietal identification
(Vijayalakshmi & Vijay, 2009). Some of the major chemical methods are:

(i)  Phenol Test: Walls (1965) recommended using the Standar dized Phenol Test for varietal
purity testing, and this was done. In terms of variations, this test is very specific. A
monogenically regulated response is a phenol reaction. The oxidation of externally
provided phenol into quinonesis carried out by the enzyme polyphenol oxidase (PPO)
or tyrosinase, which is found in the seed coat. Quinones’ subsegquent polymerization
produces pigments like melanin, which is what gives seeds their brown colour. The
coloured reaction, which is rated on a scale of 0 to 9, where O represents a negative
reaction or no change, is used as a basis for classifying the strength of the colour
received. Gradually, the colour intensifies from light brown to deep black. It is mostly
applied to mustard, foxtail millet, sorghum, wheat, and rye but also has been
standardized for rice by Kumar et al., (2023).

(i) Potassium Hydroxide (KOH) Test: Threereplications of 100 seeds each were steeped
for two hoursat room temperaturein a 5% KOH solution. After an hour, seeds start to
change colour. The genotypes of the seed were divided into three groups, namely light
brown, reddish brown, and dark brown, according to the intensity of the colour. The
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(iii)

(iv)

v)

(vi)
(vii)
(viii)

(ix)

)

length of the test varies depending on the seeds used and their seed coat. Light and
dark pigmented testa are looked for during the test.

Sodium Hydroxide (NaOH) Test: Threereplications of 100 seeds each are steeped
for one hour at roomtemperaturein a5% NaOH solution. After an hour, seeds start to
change colour. The genotypes are categorized according to the seed’s leved of colour
intensity. It is applied to several cereal crops.

Peroxidase Test: For the purpose of this test, 60 seeds are soaked in water for 24
hours, and then 15 seeds are incubated for 20 minutesin 2.5 ml of guaiacol solution
(0.05%). After removing 2 ml of guaiacol, 0.2 ml of H,O, (0.1%) was added. At 480
nm, it was measured using a DU 64 spectrophotometer. After adding H202, theenzyme
activity was calculated every minutefor 5 minutes. Depending on the colour intensities
of the seedling, the outcomeis classified (Mandal et al., 2001).

2,4D Auxintest: It isexamined how the 2,4-D test affects seedlings at a concentration
of 5 ppm. Following a 7-day period, the seedlings are assessed. Ten seedlings are
chosen at random, and their length, which includes both shoot and root length, is
measured in centimetres. Each crop has a different technique and set of findings.
Inferences are made based on the variations attai ned.

Top of Form
Bottom of Form

Gibberellins soaking test: Seedlings are grown on germination paper towels that
have been wet with a 100 ppm GA solution. After observing the growth of the seedlings
for seven to ten days, cultivars are categorized as high or low based on how they
respond to the e ongation of the roots and shoots.

Alkaloid test: The presenceor lack of an alkaloid isa distinguishing characteristic for
Lupinus species. Water is used to soak seeds for awhole day. Cut thin slices of seeds
and arrange them over a white surface on a glass platter. Oneor two drops of Lugol’s
solution are then added. The presence of alkaloid is indicated by the formation of a
characteristic brownish red precipitate.

lodinetest: Its primary purposeis to distinguish weed seeds from millet seeds. Weed
seeds turn brown after soaking in a 5% iodine solution for five to seven minutes, but
millet seeds stay the same or turn pale green.

Biochemical M ethods

Biochemical markers, encompassing the chemical fingerprints and internal processes of living
organisms, offer apivotal avenuefor distinguishing between different varieties. These markers,
including proteins, isozymes, enzymes, and carbohydrates, manifest in diverse forms across
species, allowing for the identification of specific varieties based on the presence or absence
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of particular biochemical components. Various analytical methods areemployed for detecting
these biochemicals, with eectrophoretic analysis emerging asa prominent and cost-effective
technique for assessing cultivar identity and purity in seed batches. Techniques like Sodium
Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Acid Polyacrylamide
Ge Electrophoresis (A-PAGE) enable swift and dependable analysis of seed proteins and
isozymes, providing critical insights into the genetic composition of plant cultivars and their
parental lines, particularly within the context of hybrid seed production.

SDS-PAGE and A-PAGE stand out as two of the most accessible and widely utilized
biochemical methods for cultivar identification, offering practicality and rdiability in the
assessment process. SDS-PAGE technology, in particular, holds promise for its ability to
furnish consistent profiles of seed storage proteins, which remain relatively stable amidst
environmental fluctuations. This stability not only ensurestheaccuracy of cultivar assessments
but also contributes to the economic evaluation of plant varieties (Rao et al., 2012).

Molecular M ethods

Electrophoresis

Thisisthemost recent cultivar identification technique, based on isoenzyme activity, protein
banding, and DNA banding. Here, single seeds are extracted for protein and esterase's after
being defatted. Electrophoresis on polyacrylamide g is used to separatetheextracted proteins
or esterase’s(Wang et al., 1994). Thevariants can be distinguished and recognized based on
the protein and enzyme banding patterns. Using an agarose gel dectrophoresis, DNA is
separated.

Principle

The movement of a charged particle under theinfluence of an dectric fidd isreferred to as
“eectrophoresis.” Proteins areextracted from seeds by grinding them. After that, theisolated
proteins are put into gel matrix wells (usually made of agarose or polyacrylamide). Proteases
move through the gdl in response to an eectric current. The size and charge of the proteins
affect the rate of migration.

Protein Profiling of Seeds: Different seed varieties produce unique protein profiles.
By comparing the protein banding patterns from dectrophoresis against known standards,
specific seed varieties can be identified. This method is highly effective for distinguishing
between closdy related varieties.

Polymerase Chain Reaction (PCR)

America’'s Nobe Laureate biochemist Kary Mullis created PCR for the first timein 1983.
Making several copies of a specific DNA region is possible in a lab setting using the PCR
technology. Through multiple cycles, PCR combines the principles of nucleic acid replication
and complementary nuclec acid hybridization. It causes afactor of 10"7 exponential creation
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of thetargeted DNA/RNA sequencesin a comparatively short amount of time. Primer for PCR
and Taq polymerase are the two fundamental ingredients in PCR. Originating from Thermus
aquaticus, Taq polymeraseisthe DNA polymerase commonly utilized in PCR. Because of its
exceptional thermal stability, Tag DNA polymeraseis the perfect choicefor PCR.

Principle: Extraction and Analysis of DNA: Chemical techniques are used to break
down the cdl walls and membranes of seedsin order to extract thegenetic material (Tanksley
& Jones, 1981). While RFLP (Restriction Fragment Length Polymorphism) examines the
patterns of DNA fragments created by restriction enzyme digestion, PCR techniques are
used to amplify particular DNA sections.

Applications

Genetic Markers: Different seed kinds are linked to certain DNA sequences, or markers. It
ispossibleto acquirereliableidentification by comparing these markerswith those of known
kinds. This techniqueis very accurate and can tell apart even closdy related types.

Biochemical Markers

These are heritable DNA sequences that may be discovered using methods like Southern
hybridization or PCR. They are also phenotypically neutral, developmentally and
environmentally stable. Over the past ten years, molecular techniques have been used to
identify plant cultivars by creating molecular markers that identify variations in DNA
sequences between cultivars. For each cultivar, highly specific marker profiles also referred
to as DNA fingerprinting can be created and utilized to identify the cultivar.

Principle: 1) Extraction of Biochemical Compounds

(i) Sample Preparation: To enhance the extraction surface area, seeds are finely
powdered. Then, different solvents (such as water, ethanol, or methanol) are added
to this powder in order to extract different metabolites, including lipids, proteins,
enzymes, and amino acids.

(i) Filtration and Centrifugation: To separate soluble components from insoluble

debris, the extract is centrifuged after being filtered to remove solid particles.

(2) Chromatogr aphy and Spectr oscopy: High-Per formance L iquid Chromatogr aphy
(HPL C): Principle: Based on how a molecule interacts with the stationary phase (column)
and the mobile phase (solvent), HPL separates it. Retention times are the intervals at which
certain chemicals dute (leave the column).

Procedure: The seed extract isinjected into the HPL C system. The mobile phasecarries
the sampl e through the column, and the separated compounds are detected using a UV detector,
a fluorescence detector, or a mass spectrometer.

Analysis: Each compound produces a peak at a specific retention time. By comparing
these retention times and peak areas with those of known standards, the presence and
concentration of various metabolites can be determined.
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(3) Mass Spectrometry (MS): Principle: Compounds are identified and quantified
using mass-to-charge ratios (m/z) in mass spectrometry. It frequently comes after HPL C to
offer comprehensive structural details about the metabolites (De Hoffmann & Stroobant,
2007).

Procedure: The separated compounds from HPLC are ionized and fragmented in the
mass spectrometer. These ions are then detected and plotted as a spectrum, showing the v/
z values.

Analysis: The resulting mass spectrum is compared against known databases
to identify the compounds. The intensity of the peaks indicates the quantity of each
metabolite.

Why is Seed Varietal | dentification | mportant?

Seed varietal identification is crucial for several reasons, including ensuring genetic
purity, supporting breeding programs, complying with legal requirements, and building
market confidence (Dongre et al., 2011). Confirming the genetic purity of seeds ensures
that the sown seeds remain true to type, preserving the unique characteristics of each
variety and preventing genetic contamination. Accurate identification aids breeding
programs by helping in the selection of parent plants, which is essential for developing
improved and disease-resistant crops. Furthermore, many countries have regulations
and certification processes that mandate the accurate identification of seed varieties to
protect farmers and consumers from fraudulent practices. Ensuring the authenticity of
seed varieties also builds trust among farmers, seed companies, and consumers, thereby
promoting the use of high-quality seeds for better crop yields. Varietal identification
distinguishes between different varieties within a single crop species, addressing variable
production and yield outcomes. This process allows farmers to select varieties that best
suit their soil and availableresources, enhancing their productivity and economic status.
Indirectly, this contributes to the national economy by providing farmers the opportunity
to choose high-performing varieties with resistance to insects, pests, and diseases (Azizi
et al., 2021).

Conclusion

In contemporary agriculture, methodsfor identifying seed varietalsarecrucial for guarantesing
the genetic integrity, legitimacy, and excelence of seed supply. Various techniques, such as
morphological, chemical, biochemical, and molecular studies, are essential for improving
crop quality andyield. Reliable and aff ordable methods for identifying seed varietiesinclude
PCR and chromatography, as well as sophisticated techniques like SDS-PAGE, A-PAGE,
and dectrophoretic analysis. Precise identification promotes market confidence, regulatory
compliance, and sdective breeding—all of which are crucial for sustainable agricultural
practices and the general increasein agricultural productivity.
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