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Abstract

Aim: Wheat varieties have been developed for yield improvement by modern plant breeding methods from the basic pedigree for long which brought
about arestricted hereditary base. Therefore, the present study was designed to develop identification keys and characterize different wheat varieties on
the basis of multiple traits.

Methodology: Thirty-four Indian wheat (Triticum spp.) varieties released 34 Wheat genotypes releasedduringdifferenttime scales
during different time scales were assessed for diversity through various (30 bread wheat + 4 durum genotypes)
approaches based on morphological, seed vigour, biochemical and = —

molecular characterization. & @ G

Results: The results revealed that a considerable amount of variation was aracterization
present in phenotypic characters such as flag leaf, plant height, spike and
yield related characters. Seed vigour parameters included test weight,
seedling dry weight, seedling length, accelerated ageing test and vigour
indices showed significant variability among varieties. Dehydrogenase
activity, tetrazolium test and electrical conductivity of seed leachates were
also found worth studying for diversity. Molecular characterization included : 2

twenty-one SSRs selected after screening of 45, amplified 46 alleles, by e e
among them 42 alleles were polymorphic. PIC value varied from 0.1 t0 0.65 @ @ @

and similarity coefficient extended from 0.34 t0 0.87.

Significant variability for both types of traits

Interpretation: Genetic diversity pattern analysis of genotypes based on | piagnostic traits were identified (Flow chart) Allele no.- 46

their geographical origin did not show any clear relation, however Oblsgrve?: b;eedil:gpanem of dwarfing and improved ZIC-IM tug-g: ia
. : . . . yield with chronology imilarity- 0.34 to 0.

chgrapters like plant height, §eed boldness and seedI}ng vigour |nqlces OF | "ot warlothes hive ik asads ik il santiiing Nl clisters. &

varieties showed a trend with a chronology of their release. Different | vigour

perspectives used in the study successfully categorized wheat genotypes

into various groups. Poor correlation between geographical region of genotypes with
classification based on above three approaches

Key words: Chronology, Genetic diversity, Morphological traits, Seed
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Introduction

India has witnessed splendid advances in food crops
production and productivity in mid-sixties, and dwarf wheat owes
the credit for bringing this self-sufficiency to it out of hopeless and
deplorable conditions. The diverse growing environments of India
support the production of all types of wheat i.e., bread wheat
(Triticum aestivum), durum (T. durum), few fields of Khapli or T.
Dicoccum and T. monococcum. This huge genetic diversity in
wheat is worthless until and unless if it is characterized, assessed
and documented correctly for its use in enhancing crop
improvement. Proper characterization and cataloguing of the
material within reach is of prime significance to utilize the
available germplasm (Singh et al., 2016).

The domestication process, which selected only a limited
species has led to reduced genetic diversity of plants under
cultivation (Tanksley and McCouch, 1997) as selection and
spreading of only specific genes were done which guide
agronomically important traits. This process has directed the
cultivated plant species away from their wild relatives (Clark et al.,
2004). Variety is the fundamental input and cultivation of each
variety depends on its related profit or loss. Based on the local
preferences and agro-climatic conditions, a number of varieties
have been cultivated commercially. Varieties of wheat have been
developed for vyield improvement by breeding among the
common pedigree for long, and eventually, have resulted in a
narrow genetic base. A situation of genetic vulnerability to
different biotic and abiotic stresses has been created by this
narrowing (Kumar et al., 2013).

Identification of species and difference in varieties have
long been carried out from the times of Mendel till mid-eighties
purely with morphological characters (Mollasadeghi et al., 2013).
However, in the present era, besides morphological descriptors
biochemical and molecular markers have also proved effective
tools for identification and characterization. Most of the breeding
programmes give subordinate importance to seed related traits.
But, these seed traits are the determining factors for germination
rate, uniformity, growth, abiotic stress tolerance after sowing and
performance retention after storage, which is crucial for seed
supply chain and easy availability of quality seed to the farmers.

Wheat breeding has now stepped up and become more
efficient with the use of molecular markers. Wheat germplasm
characterization is best suited with molecular markers as
detection based on them is independent of field environment and
environment influenced traits (Sud et al., 2005; Grewal et al.,
2007; Salem et al., 2008). The short tandem repetitive DNA
sequences (microsatellites), more specifically the simple
sequence repeats (SSRs) are utilized for genotypic diversity
assessment as they are often cultivar specific. SSRs are co-
dominant by nature and are highly polymorphic and thus, are
extensively used in genetic linkage mapping, diversity

assessmentand marker assisted selection (Li et al., 2014).

In the present study, an aggregate methodology of
morphological characters, seed related attributes and molecular
markers has been used to recognize diagnostic characters of
different wheat varieties and to build up genetic relations among
superior genotypes which could be harnessed in future wheat
improvement program.

Materials and Methods

Plant material : Seeds of thirty-four widely grown wheat ( Triticum
spp.) varieties (Table 1) of Indian origin were obtained from Wheat
and Barley Section, Department of Genetics and Plant Breeding,
CCS Haryana Agricultural University, Hisar. The field experiment
was laid in a Randomized Block Design layout with three
replications in the experimental area of Department of Seed
Science and Technology, CCS Haryana Agricultural University,
Hisar, geographically located at 29°09'N 75°42°E. Data were
recorded by randomly selecting five plants from each replication
for various morphological characters such as plant height, tillers
per plant, flag leaf length, peduncle length, spike length, spikelets
per spike, spikelet weight, awn length, grains per spike and yield
perplant.

Seed vigour parameters included test weight, seedling
length, seedling dry weight, vigour indices, stress test
(accelerated ageing). Biochemical tests for seed vigour
assessment included tetrazolium test, electrical conductivity test
and dehydrogenase activity test. Seed vigour parameters were
studied in growth chambers using Complete Randomised Design
(CRD) with three replications. Genetic diversity was assessed
using SSRs. Forty-five SSRs were used in this study. Out of
these, twenty-one primers were amplified (Table 2).

Seedling length and dry weight : Fifty seeds of each genotype
were planted between sufficiently moistened blotter paper and
keptin the germinator at 20°C and 90+1% R.H. After seven days,
ten seedlings from each treatment were randomly selected and
their length (root+shoot) was recorded. The length of ten
seedlings was then averaged to calculate mean seedling length
and expressed in centimetres (ISTA, 1999). Seedlings whose
length was recorded were then dried in oven at 80+1°C and their
dry weight was recorded using digital balance. Average of ten
seedlings was calculated and expressed in milligrams (ISTA,
1999).

Vigour indices : Seedling vigour indices were calculated by
following the formulae (Abdul-Baki and Anderson, 1973).

Vigour Index-I = Standard germination(%)*Average seedling
length (cm)

Vigour Index-Il = Standard germination (%) x Average seedling
dry weight(g)
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Table 1: Details of wheat varieties used in the study

Name of Variety/Genotype ~ Yearofrelease  Pedigree

Origin

Triticum aestivum

C518 1933 TYPESA/TYPEQ CCSHAU, Hisar
C306 1965 RGN/CSK 3//2'C591/3/C 217/N 14//C281 CCSHAU, Hisar
Kharchia 65 1966 Kharchia Local/ EG 953 Kharchia, Pali (Raj.)
Sonalika 1967 [154-388 /AN/3/YT54/N10B/LR 64 PAU, Ludhiana
WH 147 1977 E 4870/C286/C273 /4/S339/PV18 CCSHAU, Hisar
HUW 234 1984 HUW 12*2/CPAN 1666// HUW 12 BHU, Varanasi
HD 2285 (Gobind) 1985 249/HD2150//HD 2186 IARI, New Delhi
Kundan (DL153-2) 1985 TANORI 71/NP 890 IARI, New Delhi
WH 283 1985 HD1981/RAJ821 CCSHAU, Hisar
PBW 175 1989 HD 2160/WG 1025 PAU, Ludhiana
WH 157 1990 NP876/S308//CNO/8156 CCSHAU, Hisar
WH 542 1992 JUP/BJY"S"//URES CCSHAU, Hisar
Kanchan (DL 803-3) 1994 HUW 202/K 7537/MUTANT OF HD2160 IARI, New Delhi
RAJ 3765 1996 HD 2402/VL 639 RAU, Bikaner
PBW 373 1997 ND/VG9144 /[KAL/BB/3/YCO’S /4/VEE#5“S PAU, Ludhiana
HD 2733 (VSM) 1997 ATTILA/3/ TUI/ICARC//CHEN/CHTO/4/ ATTILA IARI, New Delhi
NW1014 1998 HAHN‘S’ NDKVV, Faizabad
Sonak 1998 1154.388 /AN/3/YT54/N10B/LR CCSHAU, Hisar
UP 2425 1999 HD 2320/UP2263 GBPUAT, Pantnagar
KRL19 2002 PBW 255/KRL 1-4 CSSRI, Karnal
MR 1 2002 NA RAU, Bikaner
DBW 14 2003 RAJ 3765/PBW 343 DWR, Karnal
DBW 16 2006 RAJ 3765/WR 484//HUW 468 DWR, Karnal
DBW 17 2006 CMHT79A.95/3*CNO 79//[RAJ3TT7 DWR, Karnal
WH 1025 2009 C591/PBW 231 CCSHAU, Hisar
HD 2967 201 ALD/COC//URES/HD2160M/HD2278 IARI, New Delhi
WH 1105 2013 MILAN/S87230//BABAX CCSHAU, Hisar
WH 1124 2014 MUNIA/CHTO//AMSEL CCSHAU, Hisar
Advance lines/genotypes
WH 1129 - CS/TH.CS//3*PVN/3/MIRLO/BUC/A/MILAN/S/TILHI CCSHAU, Hisar
WH 1138 - PBW 65*2/PASTOR CCSHAU, Hisar
Triticum durum
WH 896 1995 STIL'S’/YAV'S //IPEN’S CCSHAU, Hisar
WH912 2002 HUI'S'TYAV 'S'/IFULI‘S'/ALYAR 84 CCSHAU, Hisar
WHD 943 201 GLARE/PLATA-16//AJAIA-3/SILVER 16 CCSHAU, Hisar
WHD 948 2014 ALTAR 84/STINT//SILVER CCSHAU, Hisar

Accelerated ageing test : Sufficient number of seeds were
placed in a single layer on the wire mesh trays fitted in plastic
boxes having 40 ml of distilled water and placed in ageing
chamber. The seeds aged at 40 £ 1°C and 100% RH for 72 hr
were tested for germination in three replicates of 100 seeds for
every genotype. The number of normal seedlings were counted
on 7" day and indicated in percentage (AOSA, 1983).

Electrical conductivity of seed leachates : Fifty normal
undamaged randomly selected seeds for each genotype were
soaked in 75 ml distilled water and kept at 25 °C for 24 hr. The EC
of leachates was estimated with EC meter and conductivity was
indicated in ps cm” seed” (ISTA, 1999).

Dehydrogenase activity: One-gram seed of each genotype in
three replicates was ground to go through a 20 mesh screen. 200
mg flour was soaked in 5 ml tetrazolium solution (0.5%) at 38 °C
for 3 hr followed by centrifugation at 10000 rpm for 3 min.
Supernatant was poured off and formazan was extracted with 10
ml acetone for 16 h followed by centrifugation. Absorbance of the
solution was recorded by Systonic Spectrophotometer 169 at 480
nm and indicated as change in O D/g/ml (Kittock and Law, 1968).

Tetrazolium test : Fifty seeds in three replicates were soaked in
50 mlwater for 16 hr at 25 °C to activate dehydrogenase enzyme.
Seeds were sliced longitudinally along the groove (for exposing
the embryo) and stained in 0.5% tetrazolium solution (2, 3, 5-
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Table 2 : Amplification details of 21 SSR primers

SSRlocus Amp. Range (bp) Allele No. PIC Amplification Pattern
Xgwm 3 120-180 2 0.32 Polymorphic
Xgwm 11 200-220 2 0.32 Polymorphic
Xgwm 16 180-250 2 0.28 Polymorphic
Xgwm 33 120-200 2 0.10 Polymorphic
Xgwm 46 160-200 3 0.65 Polymorphic
Xgwm68 120-200 2 0.35 Polymorphic
Xgwm 102 150 1 0 Monomorphic
Xgwm 111 140-280 4 0.47 Polymorphic
Xgwm112 80-120 3 0.54 Polymorphic
Xgwm136 280-1000 3 0.29 Polymorphic
Xgwm146 180-220 3 0.60 Polymorphic
Xgwm157 100 1 0 Monomorphic
Xgwm165 200-250 2 0.28 Polymorphic
Xgwm186 100-120 2 0.47 Polymorphic
Xgwm261 180-200 2 0.48 Polymorphic
Xgwm311 120-130 2 0.31 Polymorphic
Xgwm359 220 1 0 Monomorphic
Xgwm400 150-250 2 0.20 Polymorphic
Xgwm537 220-250 3 0.54 Polymorphic
Xgwm573 200-210 2 0 Monomorphic
Xgwm601 220-250 2 0.40 Polymorphic

triphenyl tetrazolium chloride) for 1 hr at 38 °C, seeds rinsed
briefly in water and examined under magnification (Moore, 1973).
Seeds stained completely red were considered as viable and
indicated in percentage.

DNA extraction, PCR amplification and amplified product
detection : Leaves from two-week-old plants were collected and
pooled for genomic DNA extraction. CTAB (cetyltrimethyl
ammonium bromide) method (Saghai-Maroof et al., 1984) was
followed for genomic DNA extraction and agarose gel
electrophoresis was performed to check the concentration and
integrity of extracted DNA. DNAwas diluted to 100 ng ul”" for PCR
amplification reaction. PCR reaction volume of 20 pl included 1l
template DNA, 2.0 ul 10X PCR buffer, 0.5 yl 10mM dNTP mix, 0.4
ul 2.5 uM of each downstream and upstream primers, 0.3 ul 5 U
ul" Tag DNA Polymerase and 15.4 pl sterile distilled water. PCR
amplification was carried out using BIORAD S 1000
thermocycler. PCR protocol covered the steps of initial
denaturation at 94°C for 4 min followed by 39 cycles of
denaturation at 94°C for 1-2 min, annealing at 50-60°C
depending on the primers for 1 min, elongation at 72°C for 1 min
and final extension for 10 min at 72°C. Products were stored at
4°C untill further use. 2% AGE was used to detect the amplified
products at4 V/cmin 0.5X TBE buffer.

Molecular data analysis : Alleles were scored in the form of 0/1
matrix, 0 (absence) or 1 (presence) to ascertain genetic similarity
distance using ‘SIMQUAL’ sub-programme of NTSYS-PC
(version 2.02) software (Rohlf, 2000). SAHN sub-programme of
NTSYS-PC constructed the dendrogram by using genetic

distance matrix based on Unweighted Pair-Group Method with
Arithmetic Average (UPGMA) method. Molecular weights (in
base pairs) of amplified products were assessed and descriptive
statistics including the number of alleles per locus, major allele
frequency and Polymorphism Information Content (PIC) values
were worked out (Anderson et al., 1993).

Results and Discussion

The present study undertakes consolidated investigation
of data on the basis of phenotypic attributes and molecular
markers. Here, the grouping of genotypes for a particular trait was
done followed by further sub division with reference to the next
trait and so on. In this order, some genotypes showed their
distinctivity from other genotypes for a particular trait during
systematic classification in the flow chart (Fig. 1, 2). Therefore,
the sequence of traits generated with genotypes falling into
specific categories can help in identification of a specific
genotype. This type of trait based identification key development
was also done by Kumar et al. (2013) in guar, Singh et al. (2016) in
bajra and Chauhan et al. (2020) in wheat for respective set of
genotypes in their studies. Here, in the present study, we followed
the approach of quantification of different traits in high, medium
and low categories. Wasim et al. (2020) also adopted similar
approach and categorised popular Indian wheat varieties and
advance lines on the basis of morphological characters and
provided quantification categories for different characters.

Plant height is a relative genotypic character and is
affected by environmental variations. Some varieties could be tall,
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Plant Height
N‘d M? T‘II

DBW 17, WH 1138,
KAMCHAN, WH 912, WHD
943 WHD 948

KRL 19, HD 2285, PBW 373, WH 1105, NW

WH 283, HD 2967, HUW 234, RAJ 3765, WHD 896, WH 542,

SONALIKA, C518, DBW 16,

1014, MR 1, C 306, KHARCHIA 65

KUNDAN, WH 157, WH 1129, SONAK, PBW 175, DBW 14,

WH 1025, WH 1124, HD 2733, UP 2425 WH 147 l
Tillers/plant Low Medium High Low M-xum High L*-\r M-gu'n High
KANCHAN, WHD 943, DBW 17, HUW 234, WHD 896, WH 283, RAJ 3765, NW 1014, HD 2967, WH C 306, cs18 SONALIKA,
WH312 WHD 948 WH 1138 WH 542, KRL 19, HD MR 1, KUNDAN, WH 157, WH 1105, WH 1124, KHARCHIA 65 DBW 18,
2285, PBW 373, PBW 1129, SONAK, WH 1025, UP HD 2733
l 175, DBW 14 2425, WH 147
Flag leaf length Short Medium Long Short Medium Long Short Medium
DBW 17, WH 1138, WH 912 KANCHAN WHD 896, MR 1, HD 2967, HUW 234, RAJ 3765, WH 542, KRL 19, HD WH 283, Cc518, SONALIKA, DBW
WHD 943, WHD 948 UP 2425, WH 2285, PBW 373, WH 1105, NW 1014, KUNDAN, WH HD 2733 KHARCHIA 65 16,C 518
147 157, WH 1129, SONAK, PBW 175, DBW 14, WH
1025, WH 1124
Peduncle length Short Medium Long Short M-tlum Long Short Long
DBW 17, WH WH 912, WHD 943 HUW 234, RAJ WH 283, HD 2967, WHD 896, WH 542, HD KW 1014, MR 1, €518, DBW 16,C SONALIKA
1138, KANCHAN WHD 948 3765, KRL 19, 2285, PBW 373, WH 1105, WH 157, WH KUNDAN, SONAK, 306, KHARCHIA 65
PBW 175 1129, DBW 14, WH 1124, HD 2733, UP 2425, WH 1025
l l WH 147
Spike length Short Medium Short Medium Long Short Medium Long
DBW 17, WH 912, KANCHAN, WH HD 2967, WHD WH 283, RAJ 3765, WH 542, KRL 19, HUW 234, HD 2285, WH C 518, KHARCHIA SONALIKA,
WHD 943, WHD 948 1138 896, KUNDAN, PBW 373, NW 1014, MR 1, WH 157, 1105, WH 1129, PBW 175, C 306 65 DBW 16
HD 2733 SONAK, DBW 14, WH 1124 WH 1025, UP 2425, WH 147 l
Spikelets/spike Low Medium High Low Medium High Medium High
WH912, WH 1138, KANCHAN, DBW 17 WH 147 HD 2967, HUW 234, WHD 896, WH 542, KRL 19, WH 283, RAJ 3765, NW 1014, €518, DBW 16, SONALIKA, C
WHD 848 WHD 943 HD 2285, PBW 373, WH 1105, MR 1, WH 157, KUNDAN, SONAK, PBW 175, DBW KHARCHIA 65 6
WH 1129, HD 2733 14, WH 1025, WH 1124, UP 2425
Awn length Short Medium Long Short Medium Long Medium Long
DBW 17, WH KANCHAN WH 912, WHD WH 283, HD 2967, WH 542, HD 2285, HUW 234, RAJ 3765, KRL WHD 896, PBW SONALIKA, C518, DBW 16, C 306
1138 943, WHD 948 PBW 373, WH 1105, MR 1, KUNDAN, 19, NW 1014, SONAK, 175, DBW 14 KHARCHIA 65
WH 157, WH 1129, WH 1124, HD WH 1025, UP 2425
2733, WH 147
Spike weight Medium High Low Medium High Low Medium High
DBW 17, WH 1138, WHD 943, RAJ 3765, NW 1014, WH 283, HD 2967, HUW 234, WH 542, WH 1105, WH DBW 16, €306 SONALIKA,
KANCHAN, WH 912 WHD 948 MR1, KUNDAN, WH WHD 896, KRL19, HD 2285, 1129, SONAK, DBW 14, WH KHARCHIA 65 cs518
1025 PBW373, WH 157, PBW 175 1124, HD 2733, UP 2425,
WH 147
Grains/spike Low Medium High Low Medium High Low Medium High
WH 1138 DBW 17, KANCHAN, WH"2 HUW 234, WHD 896, WH 542, PBW 373, MR 1, WH 283, HD 2967, RAJ DBW 16, SOMNALIKA, C 306
WHD 943, WHD 948 NW 1014, KUNDAN, WH 157, WH 1129, 3765, KRL 19, HD 2285, KHARCHIA 65 c518
WH 1025 SOMAK, PBW 175, WH 1124, HD WH 1105, DBW 14, UP
2733 2425, WH 147
Grain yield/plant Low Medium High Low Medium High Low Medium High
WHD 948, KANCHAN, DBW 17, WH 283, HUW 234, RAJ WH 542, HD 2285, NW 1014, HD 2967, WH C 306, cs518 SONALIKA,
WHD 943 WH912 WH 1138 3765, WHD 896, KRL MR 1, KUNDAN, SONAK, 1105, WH 1129 KHARCHIA 65 DBW 16

19, PBW 373, WH 157,
PBW 175, WH 147

DBW 14, WH 1025, WH
HD 2733, UP 2425

124,

Fig. 1 : Flow chart showing grouping of 34 wheat varieties on the basis of morphological traits.

some dwarf and an intermediate stable group is always there with
maximum population. All the varieties in this study were also
categorised in three groups [dwarf (<90 cm), medium (90-105 cm)
and tall (>105 cm)]. Six varieties (DBW 17, WH 1138, Kanchan,
WHD 912, WHD 943 and WHD 948) were dwarf, five cultivars
(Sonalika, C 518, DBW 16, C 306 and Kharchia 65) were tall and
remaining had medium height. In a previous study, wheat

varieties were categorized in five groups as very short, short,
medium, long and very long (Maity and Das, 2015). A variable
range in plant height among wheat varieties grown under rain-fed
conditions was also obtained by Tomar et al. (2016).

For flag leaf length, ten varieties (DBW 17, WH 1138,
WHD 943, WHD 948, WHD 896, MR 1, UP 2425, WH 147, C 518
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Small

Test weight
v v v
Medium Bold

MR 1, SONAK, KRL 19, KHARCHIA

65, HD

2733, DBW 14, WH 1025, HD 2285, PBW

175, UP 2425

WH 1105, WH 542, PBW 373, WH 147, WH 283, DBW 17,
HUW 234, KANCHAN, HD 2967, NW 1014, RAJ 3765, DBW

16, WH 1124

1753

WH 1138, WH 1129, SONALIKA, C 306, C
518, WH 157, WH 896, WHD 943,
KUNDAN, WH 912, WHD 948

Seedling length Low Medium High Low Medium Hl*uh Low Me*um High
KRL 19, HD MR 1, SONAK, DBW WH 542, PBW 373, WH 147, WH 283, DBW WH 1105, HD WH 1138, WH 836, WHD 943, SONALIKA, C
2285, UP 2425 KHARCHIA 65, HD 2733, 14 RAJ 3765 17, HUW 234, KANCHAN, NW 2967, DBW 16 WH 1129 WH 912, WHD 948 306, C 518, WH
WH 1025, PBW 175 1014, WH 1124 1 157, KUNDAN
Seed_lmﬂ dry Low Medium High Low Medium High Low Medium High
wei
SONAK, KRL MR 1, HD 2733, HD KHARCHIA WH 542, WH PBW 373, WH 283, DBW 17, WH 1105, HD WH 1129 WH 1138, WH 896, SONALIKA, C
19, PBW 175 2285, WH 1025, UP 65, DBW 14 147, RAJ 3765 HUW 234, KANCHAN, NW 2967, DBW 16 WH 943, WH 912, 306, C 518, WH
l 2425 1014, WH 1124 l WHD 948 157, KUNDAN
Vigour index | Low Medium High Low Medium High Low Medium High
MR 1, SONAK, KRL HD 2733, WH KHARCHIA WH 147 WH 542, PBW 373, WH 283, DBW WH 1105, HD WH 1138, SOMNALIKA, WHD C 308, C 518, WH
19, HD 2285, UP 1025, PBW 65, DBW 14 17, HUW 234, KANCHAN, NW 2967, DBW 16 WH 1129 943, WH 912, WHD 157, WH 896,
2425 l 175 l 1014, RAJ 3765, WH 1124 l 948 KUNDAN
Vigour index Il Low Medium High Low Medium High Low Medium High
MR 1, SONAK, HD 2733, WH KHARCHIA WH 147, NW WH 542, PBW 373, WH 283, DBW 'WH 1105, HD WH 1138, SONALIKA, WH C 308, C 518, WH
KRL 19, PBW 1025, HD 2285 65, DBW 14 1014 17, HUW 234, KANCHAN, RAJ 2967, DBW 16 WH 1129 896, WHD 943, WH 157, KUNDAN
175, UP 2425 l l 3765, WH 1124 l 912, WHD 948
Accele{lh:d ageing Low Medium High Low Medium High Low Medium High
es
MR 1, SONAK, KRL 19, HD 2733, KHARCHIA WH 147, KANCHAN, WH 542, PBW 373, WH 283, WH 1105, WH 1138, WH C 306, C 518, WH WH912
UP 2425 DBW 14, HD 2285, 65, WH 1025 RAJ 3765 DBW 17, HUW 234, HD 2967, WH 1124 1129, SONALIKA, 157, WH 896, WHD
PBW 175 NW 1014, DBW 16 ‘WHD 948 943, KUNDAN
Tetrazolium test Low Medium High Low Medium High Low Medium High
MR 1, KRL 19, SONAK, HD KHARCHIA 65, PBW 373, WH 542, WH 147, DBW 17, HD WH 1105, WH WH 1138, SONALIKA, C 306, C 518, WH 896,
UP 2425 2733, HD DBW 14, WH 1025, KANCHAN 2967, NW 1014, RAJ 3765, 283, HUW 234 WH 1129 WH 157 WHD 943, KUNDAN,
2285 PBW 175 l DBW 16, WH 1124 WH 912, WHD 948
Erlﬁwci.“k Low Medium High Low Medium High Low Medium High
conductivi
DBW 14, KRL 19, MR 1, SONAK, WH 1105, WH 542, KANCHAN, HD 2967, WH 283, WH WH 896, SONALIKA, WHD WH 1138, WH
WH 1025 KHARCHIA 65, HD 2733, HD PBW 373, WH 147, RAJ 3765, DBW 16 1124 KUNDAN 943, WH 912 1129, C 306, C 518,
l PBW 175, UP 2425 2285 NW 1014 l l WH 157, WHD 948
Dehgrdric‘lqm!sl Low Medium High Low Medium High Low Medium High
activity
MR 1, HD SOMAK, KRL 19, KHARCHIA WH KANCHAN, WH 542, PBIW 373, WH 147, WH WH 1105, WH WH 1138, WH 1129, SONALIKA, C KUNDAN
2285, UP 65, HD 2733, HD 2285, DBW 1025 NW 1014 283, DBW 17, HUW 234, HD 1124 WH 157, 306, C 518, WH 896,
2425 14, PBW 175 2967, RAJ 3765, DBW 16 WHD 948 WHD 943, WH 912

Fig. 2 : Flow chart showing grouping of 34 wheat varieties on the basis of seed vigour traits.

and Kharchia 65) showed short flag leaf length (<25 cm), 21
varieties (WH 912, HD 2967, HUW 234, RAJ 3765, WH 542, KRL
19, HD 2285, PBW 373, WH 1105, NW 1014, Kundan, WH 157,
WH 1129, Sonak, PBW 175, DBW 14, WH 1025, WH 1124,
Sonalika, DBW 16 and C 306) had medium sized (25-35 cm) flag
leaf and the remaining three (Kanchan, WH 283 and HD 2733)
had long flag leaf (>35 cm).

The floral characters like peduncle length, spike length
and awn length were also used to characterize thirty-four

genotypes. For peduncle length, eleven varieties were
characterized as short (<35 cm), sixteen varieties had medium
(35-40 cm) and seven varieties (WHD 943, NW 1014, MR 1,
Kundan, Sonak, WH 1025 and Sonalika) had long peduncle (>40
cm). Peduncle has an appreciable role in grain filling event as it
owns a significant greener area to provide photosynthetic help
and eventually better grain filling under stress conditions (Tomar
et al., 2016). Borner et al. (2002) suggested that length of
peduncle have significance in disease escape and breeding for
resistance to ear head related diseases. Genotypes having long
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Fig. 3 : Dendrogram based on molecular data generated from 21 SSR markers.

peduncle are less susceptible to such diseases. Here, in the
present study, seven varieties were classified to have longer
peduncles. These varieties could be screened for any significant
ability to tolerate ear head related diseases which might be useful
in establishing their use in future breeding program.

Spike length was also used as one of the criterion for
characterization, the grouping of varieties is as follows: short
spike length (<10 cm) was observed in ten varieties, fourteen
genotypes had medium (10-12 c¢cm) and ten genotypes (HUW
234, HD 2285, WH 1105, WH 1129, PBW 175, WH 1025, UP
2425,\WH 147, Sonalika and DBW 16) showed longer spikes (>12
cm). Knezevi¢ et al. (2013) also observed difference in spike
lengths of wheat genotypes and suggested that genetic factors
have more impact on spike length than environmental factors.

Awns are filiform bristle like expansions of lemma settle in
winter wheat and some cereals (Rebetzke et al., 2016). On the

basis of awn length, the classification resulted in three categories,
out of 34 varieties, eight varieties (WH 912, WHD 943, WHD 948,
WHD 896, PBW 175, DBW 14, DBW 16 and C 306) had longer
awns (=10 cm), fifteen varieties had short awns (<7 cm) and the
rest had medium sized awns (7.1-9.9 c¢m). Awns are important
structures and have reported 60% contribution in total spike
photosynthesis (Teare et al., 1972). Awns increase the area of
spike and length of awns vary, some durum wheat varieties have
longer awns than bread wheat (Motzo and Giunta, 2002). The
results of the present study are in parallel to their findings and all
the durum and a few bread wheat genotypes exhibited longer awn
than others.

Grouping based on spikelet weight had categorised all
thirty-four genotypes in three groups such as seven varieties
were of low spikelet weight (<2 g), fourteen varieties had medium
weight (2-3 g) and remaining genotypes (WHD 943, WHD 948,
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WH 542, WH 1105, WH 1129, Sonak, DBW 14, WH 1124, HD
2733, UP 2425, WH 147, Sonalika and C 518) recorded high
spikeletweight (>3 g). Itis believed that the spikeletis basic unit of
inflorescence in grasses and critical for the reproductive
achievement and final yield. Three types of groups were identified
based on spikelet number per spike as low (<16), medium (16-20)
and high (>20). Four varieties had lower number of spikelets
whereas thirteen varieties (DBW 17, WH 283, RAJ 3765, NW
1014, Kundan, Sonak, PBW 175, DBW 14, WH 1025, WH 1124,
UP 2425, Sonalika and C 306) had high number of spikelets per
spike.

Grain yield is a major parameter which decides the
commercial success of a variety. Varieties with higher yield are
selected and yield itself is determined by various other traits like
number of grains per spike, thousand grain weight and source
sink relationship etc. Among vyield attributing characters,
productive tiller is determining trait, as number of spike bearing
tillers directly impact the final yield (Pandey et al., 2017).
Regarding the number of tillers per plant, genotypes were
characterized into high (>15), medium (12-15) and low (<12).
Twelve varieties had less number of tillers per plant and higher
number was produced by eight genotypes (DBW 17, WH 1138,
HD 2967, WH 1105, WH 1124, HD 2733, Sonalika and DBW 16)
and the remaining had medium number of tillers. Xie et al. (2016)
observed large genotypic variability in tillering and concluded that
genotypes with higher capacity of tillering can be selected
towards yield enhancement. In the present study, it was observed
that the varieties showing higher tillering capacity were either tall
or medium in plant height. This shows a connecting line with
previous studies (Ajmal et al., 2009; Gulnaz et al., 2011; Bhutto et
al., 2016) suggested a positive and significant correlation
between plant height and tiller number per plant.

Three main groups were created on the basis of grain
number per spike. First group had less than 30 grains, second
had 30 to 50 grains and third group had more than 50 grains per
spike. Genotypes WH 912, WH 283, HD 2967, RAJ 3765, KRL 19,
HD 2285, WH 1105, DBW 14, UP 2425, WH 147, C 306 and DBW
16 had higher number of grains contrasting to cultivars WH 1138,
HUW 234, NW 1014, WH 1025, DBW 16 and Kharchia 65 which
possessed lesser number of grains. Zi et al. (2018) also obtained
varietal variability in kernel number in the varieties of wheat and
stated that yield and related traits were determined by both the
cultivar and environment.

The grain yield in wheat is the ultimate product of ear
heads, in association with grain number per head and grain
weight per unit area. Shahwani et al. (2014) had discussed about
grain yield and seed size and interaction among these two while
identifying high yielders in their own study. Similar results were
obtained in the present study and 34 varieties were categorised
into three groups on the basis of grain yield per plant. High yielder
group (>35 @) included the genotypes DBW 17, WH 1138, HD

2967, WH 1105, WH 1129, Sonalika and DBW 16 whereas the
genotypes WH 157, C 306, WHD 948, WHD 943, WH 283 and
RAJ 3765 were categorised as low yielders (<25 g). The
remaining genotypes were grouped into the category of moderate
(25-359) yielders. The identified high yielders could be suggested
for commercially cultivation.

Seed weight is a variable entity and closest trait to yield a
particular variety. The classification based on thousand seed
weight grouped thirty-four genotypes in three major groups.
Genotypes MR 1, Sonak, KRL 19, Kharchia 65, HD 2733, DBW
14, WH 1025, HD 2285, PBW 175 and UP 2425 had low test
weight as compared to varieties WH 1138, WH 1129, Sonalika, C
306, C 518, WH 157, WH 896, WHD 943, Kundan, WH 912 and
WHD 948 which had high test weight. The remaining varieties had
medium seed weight. Alot of studies support the fact of variability
in seed weight and is braced by the fact that this trait is influenced
by many factors viz. genotypic effect, environment of growth,
position of seed on inflorescence and a lot more to list (Wulff,
1986; Fenner, 1992; Obeso, 2012; Kotodziejek, 2017). Wang et
al. (2012) studied the variability in thousand kernel weight of
modern varieties and landraces of wheat and concluded that
thousand kernel weight of modern varieties is more than that of
landraces. In the present study also, variation was observed
among the varieties which indicated that the older varieties have
bolder seeds as compared to recently released varieties. Bold
seeds are generally presumed to be more vigorous than small
seeds. Various studies have found that boldness of seed works in
initial stages of seed germination and seedling development
(Stanton, 1984; Saeed et al., 2000; Larsen and Andreasen, 2004;
Ahirwar, 2012) but only few are there to support the role of large
seed in plant development in later stages upto yield (Royo et al.,
2006; Shahwanietal., 2014).

Seven-days-old seedling of wheat is purely the product of
seed as is feeded by the seed reserves and it truely determines
the vigour of that seed. Characters associated to seedling are,
thus important to study while assessing seed vigour. Based on
seedling length, seven varieties were grouped as small (<20 cm),
18 as medium (20-25 c¢m) whereas nine varieties (DBW 14, WH
1105, HD 2967, DBW 16, Sonalika, C 306, C 518, WH 157 and
Kundan) were grouped as long (>25 cm). On the basis of seedling
dry weight, categories formed were low (>120 mg), medium (120-
170 mg) and high (>170 mg). Varieties identified with high
seedling weight were Kharchia 65, DBW 14, WH 1105, HD 2967,
DBW 16, Sonalika, C 306, C 518, WH 157 and Kundan.
Narayanan et al. (2014) studied root related traits and Singh et al.
(2017) studied seedling dry weight, seedling length and vigour
indices in wheat and observed significant variability.

Allthe varieties classified on the basis of vigour index-I as
low (<1700), medium (1700-2200) and high (>2200). Eight
varieties had low values, ten varieties (Kharchia 65, DBW 14, WH
1105, HD 2967, DBW 16, C 306, C 518, WH 157, WH 896 and
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Kundan) had high vigour index and the remaining sixteen were
grouped to be moderately vigourous. Likewise, on the basis of
vigour index-I1, nine cultivars (DBW 16, C 518, HD 2967, WH 157,
Kharchia 65, DBW 14, C 306, WH 1105 and Kundan) reported
high values (>15) while same number of genotypes showed low
values (<10). The remaining cultivars had medium values for
vigourindex-II (10-15).

Stress tests brings out the real potential and also help in
determination of storability of seed. In case of wheat, accelerated
ageing test was concluded to be adequate for assessing seed
vigour potential (Fanan et al., 2006). Stress bearing ability of
seeds of all genotypes was evaluated by Accelerated Ageing (AA)
test. Ten varieties (MR 1, Sonak, UP 2425, WH 147, Kanchan,
RAJ 3765, WH 1138, WH 1129, Sonalika and WHD 948) could not
bear the stress and showed low germination percentage after
accelerated ageing (<40 %) while comparing with Kharchia 65,
WH 1025, WH 1105, WH 1124 and WH 912 showed high
germination (>50%). The varieties characterized with high
germination after accelerated ageing can be identified as good
storers of seed vigour and were more vigorous. Accelerated
ageing test provide conditions which the seed will face under
natural ageing, hence, itis a more reliable test to depict the vigour
ofagivenseed lot.

Electrical conductivity of seed leachates together with
tetrazolium test provides a set of biochemical tests for prediction
of seed vigour of a given variety. Matthews and Bradnock (1967)
elaborated procedure of electrical conductivity test in pea and
further it was used in several other species with slight
modifications. This test works on the principle of membrane
damage during the process of deterioration and says that more
damaged and less vigorous seeds will leach out more of their
solutes and ions through the plasma membrane (Marcos-Filho,
2015). Difference in the values indicated variability on the basis of
this test and all the thirty-four genotypes were grouped in distinct
classes based on the values of electrical conductivity i.e., low,
medium and high (<120, 120-150 and >150 us cm’ seed’
respectively). The cultivars under low value group included DBW
14, WH 1025, WH 1105, WH 542, PBW 373, WH 147, NW 1014,
WH 896 and Kundan showed high membrane integrity in contrast
to varieties MR 1, Sonak, HD 2733, HD 2285, WH 283, WH 1124,
WH 1138, WH 1129, C 306, C 518, WH 157 and WHD 948 having
higher values of EC indicating their poor quality and storability.
Fessel et al. (2006) aforementioned in corn, a downturn in seed
vigour had a direct correlation to increased ion leakage and
approved a close relation between membrane integrity and vigour
loss. Matthews and Powell (2006) suggested a correlation
between readings of conductivity and field emergence and said
that by analysing single seed leachate conductivity, standard
germination and seed vigour could be indicated. By measuring
EC, a role could be assigned to it similar to the tests based on
ageing such as accelerated ageing, cold test and controlled
deterioration test.

Seed vigour testing through standard methods consumes
approximately seven to more days and requires intensive labour.
Hence, a lot of interest is being invested towards development of
rapid seed vigour testing methods (Wen et al., 2018), and
tetrazolium is the one of the quicker method replacing standard
germination test. Amoédo and Ferraz (2017) used tetrazolium
staining to characterise tree seeds and obtained two categories,
bright red or pink as living tissues and off white to yellowish as
dead seeds. In the present study, percentage of viable seeds was
obtained after counting the number of pink or red coloured seeds
of every variety, high percentage of viable seeds was obtained for
Kharchia 65, DBW 14, WH 1025, PBW 175, WH 1105, WH 283,
HUW 234, C 306, C 518, WH 896, WHD 943, Kundan, WH 912,
WHD 948 (>95 %) and lower percentage for MR 1, KRL 19, UP
2425, PBW 373, Kanchan, WH 1138 and WH 1129. The
remaining genotypes had moderate level of viability (90-95%).
Grzybowski et al. (2012) also found usefulness of this test in
barley for viability testing.

The activity of dehydrogenase enzymes is useful in
characterisation of different genotypes as higher activity of this
enzyme correlates to high viability and vigour of seed (Nautiyal
and Joshi, 1991; Yanping et al., 2000). These enzymes are
oxidoreductases, which perform functions of saccharide
catabolism and play an important role in anerobic metabolism
during germination process in seeds (Guo et al., 2011). On the
basis of this test, four genotypes (WH 1025, WH 1105, WH 1124
and Kundan) showed very high activity (>0.4) and eleven
varieties (HD 2733, WHD 943, WH 283, DBW 17, WH 896, DBW
16, HD 2967, DBW 14, HUW 234, PBW 175 and Kharchia 65) had
high DHA activity (0.3-0.4) whereas genotypes (WH 157, UP
2425, WH 1138, Kanchan, NW 1014, HD 2285, MR 1 and WHD
948) had low activity (<0.2). The remaining genotypes were found
to have moderate level of DHA activity.

Genetic diversity is imperative to make any crop and seed
improvement programme effective. DNA based molecular
markers act as a versatile resource to study diversity and
variability as they obviously permit comparison of genetic
material keeping away from any environmental effect on gene
expression (Kalpana et al., 2004). Breeders use molecular
markers to build the accuracy of selection for best preliminary
combinations. Selection aided by SSRs brings about huge
improvement in breeding efficiency by diminishing trial and error
part of breeding process, and also confirms cost and time
savings.

Forty-five SSR markers were utilized in the present
investigation, out of which twenty-one (46.66%) primer pairs were
clearly amplified (Table 2). Seventeen (80.95%) primers out of
those twenty-one amplified primer sets showed polymorphism
among thirty -our wheat genotypes with alleles per primer ranging
from 1-4, and the total amplified allele number was 46 with PIC
value of SSRs varied from 0.1 to 0.65 (Table 2). Cheng et al.
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(2016) conducted a similar estimation of SSR polymorphism with
160 candidate primer sets by estimating amplification (55%),
polymorphism (73.86%), allele range (1-6) and PIC value (0.05-
0.64) and suggested the use of this information for further
selection and designing of primer sets. Xia et al. (2017) identified
adirect correlation between genome size and number of SSR loci
while a negative interaction between genome size and SSR
density was also concluded by them. Based on motiflength seven
types of SSR loci, can be obtained ranging from monomers to
heptamers. Some SSR markers proved to be very informative as
they provided higher PIC values viz. Xgwm 46 (0.65), Xgwm 146
(0.60) and Xgwm 112 (0.54) (Table 2). These markers have been
previously reported to produce higher polomorphism in a study
conducted by Raj et al. (2017). Nefzaoui et al. (2014) recorded a
total of 44 alleles using 9 markers, Salem et al. (2008) recorded a
total of 48 alleles using 15 markers while Sheoran et al. (2015)
recorded a total of 86 alleles with 36 markers. However, some
researchers found high number of total alleles viz. Emon et al.
(2010) reported 234 alleles using 36 markers and Salehi et al.
(2018) found 180 alleles with an average of 9 alleles per locus in
21 genotypes using only 20 markers.

An UPGMA phylogenetic tree was prepared on the basis
of SSR data (Fig. 3). The clustering was based on Jaccard’s
similarity coefficient and dendrogram has extensively partitioned
a single variety Sonalika as an outgroup from a huge cluster of 33
genotypes at a similarity value of 0.348. Further, sub clustering of
major cluster at similarity value 0.41 has given five clusters. 1°
cluster contained 14 genotypes (WHD 912, Kanchan, WH 1129,
Sonak, HUW 234, HD 2733, WH 283, WH 157, WH 147, DBW 17,
PBW 373, HD 2967, WH 1124 and DBW 16), 2" cluster had 3
genotypes (KRL 19, WHD 948 and WH 542), 3“ cluster contained
8 genotypes (UP 2425, RAJ 3765, C 518, C 306, Kharchia 65, MR
1, PBW 175 and NW 1014), 4" cluster had 3 genotypes (Kundan,
WH 896 and WHD 943) and 5" cluster had 4 genotypes (WH 1138,
WH 1105, DBW 14 and HD 2285).

Based on the Jaccard’s similarity coefficient, relations
were drawn amongst thirty-four wheat genotypes and similarity
coefficient varied from 0.34 to 0.86. Maximum similarity was
observed between Kanchan and WH 1129 and the most distant
genotypes observed were WH 542 and WH 1025. Some
genotypes from same geographical regions were grouped
together such as Raj 3765, MR1 and Kharchia 65 from Rajasthan
and HUW 234 and NW 1014 from Uttar Pradesh whereas other
genotypes dispersed randomly among different clusters. Two
varieties (WH 896 and WHD 943) out of four durum wheat
varieties were placed under same cluster while the other two were
scattered among different clusters with bread wheat. Lower
magnitude of genetic diversity among cultivated wheat varieties
and grouping of durum genotypes with aestivum was also
reported (Raj et al., 2017). Restricted genetic diversity between
different species and within a single species is due to the nature of
wheat as it is an allohexaploid developed by crosses between

three highly interrelated diploid species, and the process of
poplyploidization limits the genetic variability (Venske et al.,
2019).

An attempt was made to work out any correlation
between the geographical region from which the genotype
originated and different groups formed on the basis of
morphological and seed related traits. The varieties from Haryana
showed their distribution under all the categories of plant height.
However, most of the varieties from this region have medium
plant height besides some varieties with tall and dwarf stature. All
the dwarf varieties were from Haryana, except Kanchan which
belong to Delhi. The varieties from Rajasthan, Delhi, Uttar
Pradesh, Uttarakhand and Punjab were grouped together with
some exceptions viz. Kharchia 65, Kanchan and Sonalika. All the
high yielders were from Haryana region except two, one from
Punjab (Sonalika) and another from Delhi (HD 2967) region.
Similarly, all the bold seeded varieties belonged to Haryana,
except Sonalika from Punjab and Kundan from Delhi. The group
of varieties with good storing qualities with respect to low
electrical conductivity is solely dominated by varieties from
Haryana region, except for Kharchia 65 which relates to
Rajasthan. The overall grouping based on morphological
characters and seed vigour traits was not dominated by their
geographical locations.

Phylogenetic tree based on molecular data was analysed
to classify genotypes according to their geographical locations.
Genotypes from Rajasthan and Uttar Pradesh were clustered into
distinct groups. On the other hand, genotypes from Haryana,
Punjab and Delhi were highly scattered and were present in
almost all the clusters. None of the classifications could clearly
differentiate the genotypes with respect to their geographical
locations and similarity among them was independent of the
geography to which they are best adapted. These results are
similar to that reported by Kumar et al. (2013) in guar and Raj et al.
(2017) inwheat.

All the genotypes under this study could most suitably be
classified under three time scales according to their year of
release (Table 1). The varieties released before 1980’s (old),
between 1980-2000 (middle) and after 2000 (recent). The old
varieties were taller when compared to recent ones. Yield
increased as we move towards recent years, most of the low
yielders were present in the era before 1980’s. Most of the old
varieties had bold seeds along with two advanced lines (most
recent) and all the durum genotypes. Seedling dry weight,
seedling length and vigour indices also showed higher values in
old varieties, suggesting their high seed vigour potential. While
assessing the dendrogram for diversity based on chronology,
three out of five old varieties were clustered together
consecutively, while one (Sonalika) was out grouped and could
not be placed in any of the clusters. But the varieties from middle
years and recent ones were unable to keep themselves in pace
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with chronology while clustering. Somehow, the morphological
and seed characters have tried to classify varieties in
chronological order at least for few traits. Tendency of plant
breeders towards dwarfing of wheat was clearly seen in this
chronology based pattern followed by the studied genotypes.
Yield of the varieties increased and seed vigour potential
decreased according to our assessment. The reason behind this
might be that when the yield increases, then there is a possible
tendency for the increase in grains per spike and individual seed
weight decreases. But the trait of seed weight/boldness should be
emphasized in the current era of climatic uncertainty to tackle with
various types of abiotic stresses because bold seeds have larger
endosperm which better feeds the embryo better during
germination (Shahwani et al., 2014). Moreover, the characters
like biomass production, seed boldness and seedling vigour in
which old varieties were found superior, play an important role in
stress tolerance of a crop as well as crucial for maintaining the
productive capacity of agroecosystem by residue production and
nutrient cycling. New genotypes are developed by prolonged
breeding with emphasize only on ‘grain production’ suitable for
intensive and industrialized management. Carranza-Gallego et
al. (2018) concluded that modern wheat varieties are responsible
for degradation of rainfed agroecosystemin Spain and suggested
that old varieties can be used to restore agricultural ecosystem.
The results of the present study also direct towards the benefits of
older varieties and their possible use in sustaining the
agroecosystem which is presently struggling with soil fertility
degradation, environmental stresses and overuse of
agrochemicals.

The overall inference from the present study revealed
that there were some trends for different traits suggesting that
breeding programs emphasize more towards improvement of
yield potential and other associated characters. Seed related
traits have shown a decrease in previous decades or somewhat,
stagnation in recent years. This study demonstrates an aspect to
be contemplated in current and future breeding programs for a
sustainable improvement in wheat production. Moreover, SSR
marker analysis, being most economical and less time
consuming, appears to be the best technique to discriminate
among different wheat accessions, and the observations of the
present study can be utilized further for advancing a well-
characterized approach dependent on assessment and
characterization of genetic variation in wheat.
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