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ABSTRACT

The sixty-bread wheat (Triticum aestivum L.) genotypes were distributed among the seven clusters
obtained using D’ statistics Euclidean distance method on the basis of observations taken on
various morphological and physiological traits namely days to heading, days to anthesis, days to
physiological maturity, grain filling duration, plant height, number of effective tillers, thousand grain
weight, grain yield, chlorophyll fluorescence and canopy temperature. Results obtained revealed
that the cluster IV had maximum number of genotypes i.e.,17 genotypes followed by cluster | (13
genotypes), Cluster IV (10 genotypes), cluster VII, II, Il and VI (9, 5, 3 and 3 respectively). The
highest inter cluster genetic distance existed between cluster | and VI (6.559) and the average intra
cluster distance between the genotypes of cluster VIl (3.817) was maximum. Therefore, genotypes
in these clusters may be used to produce the superior hybrids and transgressive segregants. For
grain yield and effective tillers had highest mean value in cluster VI. Cluster Il had highest mean
value for 1000-grain weight and lowest values for plant height indicating genotypes were short.
Traits such as days to anthesis followed by canopy temperature, days to maturity, grain filling
duration, chlorophyll fluorescence and grain yield per meter contributing a total of 68.1 per cent to
the total divergence.
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1. INTRODUCTION

Wheat is an important staple crop of tropical
countries, and its productivity largely regulates
the economy of the country. It is the most widely
grown cereal crop in the world. In the period
leading up to 2020, demand for wheat for human
consumption in developing countries is expected
to grow at 1.6% per annum, and for feed at 2.6%
per annum. Wheat yield needs to be increased
from 2.6 to 3.5 t ha™ within the next 25 year [1] to
meet the projected increase in demand. In 2020-
21, 765 million metric tonne of global wheat
production was reported [2]. In India, wheat
production during the period 2020-21 was 109.52
million tonnes recovered from an acreage of 34.6
million hectare [3]. However, importance of
wheat as staple food is even more under
changing climate scenario, which at least
partially is due to rising temperature. Stress due
to high-temperature has emerged as a major
constraint for the successful wheat production
worldwide [4-6]. Nearly 40 % of total irrigated
area, where wheat is grown, is severely affected
by heat stress [7]. Yield loss of 29 % is expected
by 2080 due to global warming, in wheat. The
high temperature is one of the major abiotic
stresses in tropical countries like India that has
adverse impact on development, growth and
overall yield of wheat. Especially, under the late
sown conditions, wheat crop faces the forced
maturity leading to the yield reduction due to heat
stress conditions. Days to anthesis and booting
decreased due to late sown heat stress condition
regardless of the cultivars [8]. Studies in cereals
establish that the vegetative cycle of the crop
(Wheat and Corn) was reduced in late sowings
due to the reduction of phenological stages as an
effect of high temperatures and long. In the
plant-climate relationship, the tillering stage was
detected as more sensitive to climate. Thus, to
adapt to the changing climatic conditions and to
withstand the abiotic stress new varieties need to
be developed to fulfil the demand of the ever-
increasing population days [9 and 10]. Analysis
of Genetic diversity at a particular level may
facilitate the efficient exploitation of the
germplasm. Such assessment programmes are
imperative for man advanced breeding lines by
identifying genotypes for hybridization
programme. Genetic diversity can be analysed
using Mabhalanobis D® distance, based on
multivariate distance between two OUT'S
(operation taxonomic units) [11]. For clustering,
hierarchical clustering methods like Ward's

67

minimum variance method (Ward, 1963) are the
most commonly used in analysis of genetic
diversity in wheat genotypes for yield and its
component traits. Moreover, precise number of
clusters are obtained for different traits in Ward’s
method. It identified the same pair of genotypes
exhibiting minimum diversity but different pair of
genotypes exhibiting maximum diversity. Thus,
the present investigation mainly focusses on the
diversity analysis present in the experimental
material of bread wheat genotypes under late
sown conditions.

2. MATERIALS AND METHODS

The experimental material for the present
investigation comprised 60 accessions drawn
from wheat gene pool maintained at National
Bureau of Plant Genetic Resources (NBPGR),
New Delhi and procured by the Indian Institute of
Wheat and Barley Research (IIWBR) Karnal. The
accessions were raised and followed
recommended packages and practices at IWBR
research farm Karnal during Rabi season delted
line becoz of repetation. The sixty accessions/
genotypes were raised under late sown
conditions in Randomized Block Design (RBD)
with three replications. Each plot comprises two
rows of 3 mts length spaced at 0.20 mts.

Observations were recorded for traits namely
days to heading, days to anthesis, days to
physiological maturity, grain filling duration, plant
height, number of effective tillers, thousand grain
weight, grain yield, chlorophyll fluorescence and
canopy temperature.

Genetic divergence was comfuted through
multivariate analysis using D Statistic as
described by Singh & Pawar [12].

3. RESULTS AND DISCUSSION

The cluster IV in Table 1 had maximum 17
(HD2967, IBWSN1142, IBWSN1162, KRL210,
WL711, PBW343, WH1123, WH1105, ATLASE6,
WH416, IBWSN1213, PBW725, IBWSN1138,
WH1232, WH1179, IBWSN1152, WH542)
number of genotypes followed by cluster | with
13 genotypes (WH1184, WH1202, PBW723,
IBWSN1205, KRL19, IBWS1170, IBWSN1118,
IBWSN1155, WH283, IBWSN1109I, HD3086,
WH157, IBWSN1207),cluster V with 10
genotypes (P13647, IBWSN1171, IBWSN1155,
P13644, WH1164, P13643, P13649, WH1227,



IBWSN1159, WH147), cluster VII with 9
genotypes (DPW621-50, DBW88, IBWSN1145,
IBWSN1150, P13648, WH1228, IBWSN1182,
C306, IBWSN1151), cluster Il with 5 genotypes
(WH1021, WH730, HD3059, WH1142, DBW90),
cluster IlIl with 3 genotypes (WH1080, Raj 3765,
WH1025)and cluster VI with 3 genotypes
(WH1124, WH711, WH1226). Similar results
were obtained by Dutamo et al. [13] (clustered 60
genotypes of bread wheat into six clusters),
Kumar et al. [14] (grouped the 50 genotypes into
10 diverse clusters under both normal and heat
stress environment) and Jaiswal et al. [15]
(grouped the genotypes into twenty-three
different clusters, each cluster bearing different
number of genotypes). To get more heterotic and
large  number of desirable transgressive
segregants, selection of parents for hybridization
should be properly based on genetic diversity
rather than geographic diversity.

3.1 Intra and Inter Cluster Distances

The inter and intra cluster distance values for all
the seven clusters under late sown condition are
presented in Table 2. The genotypes of cluster |
and VI exhibited maximum divergence (6.559)
followed in descending order by the genotypes of
Il and VI (6.513), Il and V (6.468), Ill and VII
(6.194), Il and VII (5.496), VI and VII (5.328), |
and VIl (5.038), | and V (5.009), Il and V (5.000),
Il and VI (4.980), | and Il (4.913), lll and IV
(4.820), | and Ill (4.686), IV and VII (4.647), 1l
and IIl (4.607), IV and VI (4.605), V and VII
(4.332), V and VI (4.319), IV and V (4.144), | and
IV (4.093) and Il and IV (3.705). The higher inter
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cluster distance indicated the presence of more
diversity among the genotypes included among
these clusters. The average intra cluster distance
between the genotypes of cluster VII (3.817) was
maximum followed in descending order by
clusters 1l (3.812), VI (3.686), | (2.975), I
(2.939), V (2.868) and IV (2.656). With the help
of D2 values between and within clusters a
cluster diagram is drawn showing the relationship
between different genotypes (Fig. 1).

Therefore, the genotypes of cluster | and VI
exhibited maximum cluster divergence indicated
that genotypes WH1184, WH1202, PBW723,
IBWSN1205, KRL19, IBWS1170, IBWSN1118,
IBWSN1155, WH283, IBWSN1109I, HD3086,
WH157, IBWSN1207 (Cluster 1) and genotypes
WH1124, WH711, WH1226 (Cluster VI) that
showed more divergence may be used to
produce the superior hybrids and transgressive
segregants. Similar finding was also reported by
Sharma and Panwar [16], Mohanty et al. [17],
Naik et al. [18], Gupta et al. [19], Singh et al. [12],
Verma et al. [20], Ribadia et al. [21] and Marker
and Tripathi [22]. Dutamo et al. [13] analyse the
genetic diversity in bread wheat and, observed
that the lowest intra cluster distance in cluster V
(0.00), indicates genetic variability within this
cluster is not present and also reported that, the
inter cluster distance was range from 44.83 to
179.72 and cluster IV and VI showed maximum
inter cluster distance of 179.72, indicates
superior germplasm of above diverse cluster
pairs when crossed might develop desirable
recombinants.

™
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Fig. 1. Euclidean cluster distances for the 7 clusters
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Table 1. Distribution pattern of 60 genotypes into 7 clusters under late sown conditions using D*statistics

Cluster No. of Name of the genotypes Intra-cluster

no. genotypes Distance

1 13 WH1184, WH1202, PBW723, IBWSN1205, KRL19, IBWS1170, IBWSN1118, IBWSN1155, WH283, IBWSN11091, HD3086, 2.975
WH157, IBWSN1207

2 5 WH1021, WH730, HD3059, WH1142, DBW90 2.939

3 3 WH21080, Raj 3765, WH1025 3.812

4 17 HD2967, IBWSN1142, IBWSN1162, KRL210, WL711, PBW343, WH1123, WH1105, ATLAS66, WH416, IBWSN1213, 2.656
PBW725, IBWSN1138, WH1232, WH1179, IBWSN1152, WH542

5 10 P13647, IBWSN1171, IBWSM1155, P13644, WH1164, P13643, P13649, WH1227, IBWSN1159, WH147 2.868

6 3 WH1124, WH711, WH1226 3.686

7 9 DPW621-50, DBWS88, IBWSN1145, IBWSN1150, P13648, WH1228, IBWSN1182, C306, IBWSN1151 3.817

Table 2. Inter and intra (diagonal) cluster average of D? among different clusters in Wheat under late sown conditions

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Cluster 1 2.975 4,913 4.686 4.093 5.009 6.559 5.038
Cluster 2 2.939 4.607 3.705 5.000 4,980 5.496
Cluster 3 3.812 4.820 6.468 6.513 6.194
Cluster 4 2.656 4,144 4.605 4.647
Cluster 5 2.868 4.319 4.332
Cluster 6 3.686 5.328
Cluster 7 3.817

Table 3. Cluster mean values of different clusters for various characters under late sown conditions

Characters Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Days to heading 78.18 80.27 78.22 80.86 83.90 83.89 82.67
Days to anthesis 82.72 84.73 82.56 85.47 88.63 88.89 87.44
Days to maturity 120.03 118.80 118.22 118.80 123.46 124.22 122.63
Plant height (cm) 96.33 100.55 92.85 99.87 102.04 104.78 104.09
Effective tillers per meter 60.19 77.27 69.00 77.16 70.30 87.67 63.52
Chlorophyll fluorescence 0.66 0.66 0.61 0.66 0.66 0.63 0.67
Canopy temperature 29.16 23.90 25.44 28.73 28.92 27.24 28.33
Grain yield per meter (g) 50.45 71.89 59.78 70.57 64.97 83.00 53.46
1000-Grain weight (g) 39.06 41.8 41.87 41.83 36.98 40.70 37.80
Grain filling duration 32.61 33.13 30.22 31.98 34.00 31.67 28.46
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Table 4. Percent contribution towards variability of each character under late sown conditions

Sr. No. Characters Contribution (%)
1 Days to heading 9.57
2 Days to anthesis 14.44
3 Days to maturity 11.07
4 Plant height (cm) 9.10
5 Effective tillers per meter 4.25
6 Chlorophyll fluorescence 9.88
7 Canopy temperature 12.92
8 Grain yield per meter (g) 9.79
9 1000-Grain weight (g) 8.98
10 Grain filling duration 10.00

3.2 Cluster Means of Different Clusters
for Various Characters

Mean values of seven clusters of 60 genotypes
under late sown condition are presented in Table
3. Cluster Il had lowest mean values for days to
days to heading and days to anthesis indicating
earliness whereas, late genotypes were
observed in cluster V for days to heading and
cluster VI for days to anthesis. For days to
maturity, lowest mean value was observed in
cluster Ill whereas, cluster VI had higher values.
For plant height lowest values were in cluster IlI
indicating these genotypes were shortest while
cluster VIl had the tallest genotypes. Cluster VI
had highest mean values for effective tillers per
meter while cluster | had lowest mean. For
chlorophyll fluorescence cluster VIl had highest
mean value while cluster 1l had lowest mean
values. Cluster | had highest mean values for
canopy temperature and cluster Il had lowest
mean values. For grain yield per meter cluster VI
had highest whereas cluster | had lowest mean
values. Cluster Ill had highest and cluster V had
lowest mean values for 1000-grain weight.
Similar findings were also observed by Gartan et
al. [23], Dobariya et al. [24], Jaiswal et al. [15],
Kumar et al. [25], Verma et al. [26], Ahmad et al.
[27] and Naik et al. [18].

3.3 Percent Contribution towards Total
Divergence

Percent contribution towards total divergence
was calculated as per Mahalanobis D statistic
(1936). The maximum contribution towards the
total divergence under late sown condition (Table
4) was exhibited by days to anthesis (14.44%)
followed by canopy temperature (12.92%), days
to maturity (11.07%), grain filling duration
(10.00%), chlorophyll fluorescence (9.88%),
grain yield per meter (9.79%), days to heading
(9.57%), plant height (9.10%), 1000-grain weight
(8.98%) and effective tillers per meter (4.25%).
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The characters viz., days to anthesis canopy
temperature, days to maturity, grain filling
duration, chlorophyll fluorescence, grain yield per
meter, contributed more than 60% per cent
towards total divergence. Hence, these
characters should be given importance during
hybridization and selection in process for
improvement of yield and its component traits. In
the same way, Dobariya et al. [24] reported
maximum contribution toward total divergence by
days to flowering, number of tillers per meter,
days to maturity and 1000 grain weight,
Peshattiwar et al. [28] by days to maturity, days
to 50 per cent flowering, plant height and number
of spikelet’s per ear and Naik et al. [18] by plant
height, grain yield and sedimentation value and
Singh et al. [12] days to 50 per cent flowering,
plant height, spikelet’'s per ear, biological yield
per plant and 1000 grain weight. Hence, these
characters should be given importance during
hybridization and selection in process for
improvement of yield and its component
traits.

4. CONCLUSION

Genotypes of cluster | and VI under late sown
condition exhibited maximum cluster divergence
indicated that these genotypes may be used to
produce the superior hybrids and transgressive
segregants. Traits such as days to anthesis

followed by canopy temperature, days to
maturity, grain filing duration, chlorophyll
fluorescence and grain yield per meter

contributed maximum to the total divergence
present in the study material. Thus, these
characters should be given importance during
hybridization and selection in the segregating
population for improvement of vyield and its
component traits. In view of the sufficient genetic
diversity found in present study, showed
considerable scope for genetic improvement
through hybridization between the genotypes
from divergent clusters.



COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Ortiz R, Sayre KD, Govaerts B, Gupta R,
Subbarao GV, Ban T, Hodson D, Dixon
JM, Ortiz-Monasterio Jl, Reynolds M.
Climate change: Can wheat beat the heat?
Agric. Ecosys. Environ. 2008;126:46-58.
Shajbandeh M. Wheat: production volume
worldwide 2011/2012-2021/22.
Avalable:www.statista.com; 2022
Anonymous. Fourth Advance Estimates of
Production of Food grain, Oil seeds and

other commercial crops for 2019-20.
Department of Agriculture, Cooperation
and Farmer Welfare; 2020.

Available:www.agricoop.nic.in

Hays D, Mason E, Hwa Do J, Menz M,
Reynolds M. Expression quantitative trait
loci mapping heat tolerance during
reproductive development in wheat (T.
aestivum). In: Buck HT, Nisi JE, Salomo'n
N (eds) Wheat production in stressed
environments. Springer, Amsterdam. 2007;
373-382.

Kumar A, Sirohi A, Kumar S. Studies of
selection parameter in common bread
wheat (Triticum aestivum L.) International
Journal of Engineering & Science
Research. 2012a;2:90-94.

Kumar R, Kumar S, Poonam, Kumar A,
Singh D. A comprehensive study of
different selection parameters in common
bread wheat (Triticum aestivum L. em.
Thell.). IJESR. 2012b;2:111-114.

Reynolds MP, Ortiz-Monasterio JI, McNab
A. Application of physiology in wheat
breeding. Mexico D.F., Mexico; 2001
Nahar K, Ahamed KU, Fujita M.
Phenological variation and its relation with
yield in several wheat (Triticum aestivum
L.) cultivars under normal and late sown
mediated heat stress condition. Not Sci.
Biol. 2010;2(3): 51-56.

Martinez JM, Galantini JA, Duval ME,
Lépez FM. Indicadores edéaficos de la
calidad de suelos con trigo bajo siembra
directa en el sudoeste bonaerense;
Universidad Nacional de Rosario; Revista
de Investigaciones de la Facultad de
Ciencias Agrarias. 2015;15(26):23-31.
Olivares B, Hernandez R, Arias A, Molina
JC, Pereira Y. Agroclimatic zoning of corn

Neeru et al.; IJPSS, 34(12): 66-72, 2022; Article no.lIJPSS.85655

71

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cultivation for the sustainability of
agricultural  production in  Carabobo,
Venezuela. Revista Universitaria de

Geografia. 2018;27(2):139-159.
Available:https://n9.cl/iOupn

Mahalanobis PC. On generalized distance
in statistics. Prod. Nat. Acad. Sci. (India).
1936;2:49-55.

Singh S, Pawar IS. Theory and application
of biometrical genetics. CBS Publishers,
New Delhi. 2005;467

Dutamo D, Alamerew S, Eticha F, Assefa
E. Genetic variability in bread wheat
(Triticum aestivum L.) germplasm for yield
and vyield component traits. Journal of
Biology, Agriculture and Healthcare. 2015;
5:140-147.

Kumar R, Prasad BK, Singh MK, Singh G,
Verma A. Genetic divergence analysis for
morpho-physiological traits, under timely
and late sown condition in bread wheat
(Triticum aestivum L.). Journal of Wheat
Research. 2015;7(1):27-30.

Jaiswal JP, Arya, Mamta, Kumar Anil,
Swati, Rawat RS. Assessing genetic
diversity for yield and quality traits in
indigenous bread wheat germplasm.
Electronic Journal of Plant Breeding.
2010;1:4.

Sharma V, Pawar IS. Genetic divergence
for yield, its components and quality traits
in bread wheat. Haryan agric. Univ. J. Res.
2007;37:27-31.

Mohanty S, Mukherjee S, Dash AP,
Mandal AB. Genetic analysis for
identification of terminal heat tolerance
genotypes in wheat. Indian Journal of
Genetics and Plant Breeding. 2017;77(1):
160-162.

Naik VR, Biradar SS, Yadawad A, Desai
SA, Veeresha BA. Assessing genetic
diversity for yield and quality traits in
germplasm lines of bread wheat (Triticum
aestivum); 2016.

Gupta RS, Tiwari DK, Deol SS, Singh RP.
Genetic divergence in bread wheat
(Triticum aestivum L.em. Thell). New
Botanist. 2002;29(1/4):1:7.

Verma AK, Singh PK, Vishwakarma SR,
Tripathi RM. Genetic divergence in wheat
(Triticum aestivum L.). Farm Science
Journal. 2006;15(1): 32-34.

Ribadia KH, Dobariya KL, Ponika HP,
Jivani LL. Genetic diversity in macroni
wheat (Triticum durum Desf.). Journal of
Maharashtra Agriculture University.
2007;32:32-34



22.

23.

24,

25,

Marker S, Tripathi Atul. Estimation of
genetic divergence among durum wheat
(Triticum durum L.) genotypes for yield and
yield contributing traits. Indian Journal of
Plant Genetic Resources. 2008;21(1):99-
106.

Garten SL, Mittal RK. Genetic divergence
in bread wheat. Crop Improvement. 2003;
30(2):185:188

Dobariya KL, Ribadia KH, Padhar PR,
Ponkia HP. Analysis of genetic divergence
in some synthetic lines of breadwheat
(Triticum aestivum L.). Advances in
Plant Sciences. 2006;19(1):221-
225.

Kumar R, Gaurav SS, Bhushan B, Pal R.
Study of genetic parameters and genetic
divergence for yield and yield components

Neeru et al.; IJPSS, 34(12): 66-72, 2022; Article no.lIJPSS.85655

26.

27.

28.

of bread wheat (Triticum aestivum L.). J. of
Wheat Res. 2013;5(2):39-42.

Verma PN, Singh BN, Yadav RK. Genetic
variability and divergence analysis of yield
and its contributing traits under sodic soil
condition in wheat (T. aestivum L.).
International  Journal of  Agricultural
Sciences. 2013;3(2):395-399.

Ahmad HM, Awan SlI, Aziz O, Ali MA.
Multivariative analysis of some metric traits
in bread wheat (Tritcum aestivum L.).
European Journal of Biotechnology and
Bioscience. 2014;1(4): 22-26.

Peshattiwar PD, Ghorpadi PB, Dandge
MS, Archana, Thorat. Gomase DG.
Genetic divergence in durum wheat
cultivars. International Journal of
Agricultural Sciences. 2009;5(1):243-247.

© 2022 Neeru et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/85655

72


http://creativecommons.org/licenses/by/4.0

