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SELECTION OF DROUGHT TOLERANT PARENTAL LINES OF WHEAT
THROUGH MORPHO-MOLECULAR DIVERSITY AND MULTI-TRAIT
GENOTYPE-IDEOTYPE DISTANCE INDEX

ABSTRACT

Drought is a major abiotic stress that significantly reduces wheat yield in the country. For this, the
major aim of the study was to identify drought tolerant wheat genotypes from 100 diverse wheat
genotypes. During the Rabi season of 2022-2023, the investigation was conducted at the
experimental farm of Bangladesh Wheat and Maize Research Institute (BWMRI), Debigan;j,
Panchagarh and in the laboratory of the Department of Genetics and Plant Breeding, Hajee
Mohammad Danesh Science and Technology University (HSTU), Dinajpur and BWMRI,
Dinajpur, Bangladesh. This study used a split plot design with two replications to examine twelve
morpho-physiological traits: plant height, number of tillers per plant, proline content, shoot fresh
weight, shoot dry weight, root fresh weight, root dry weight, root volume, root length, root shoot
ratio, relative water content, and excise leaf water loss. The analysis of variances revealed
significant high heritability was recorded for proline content, shoot dry weight and root dry weight.
A significant positive correlation between root dry weight and shoot dry weight was observed in
both control and drought conditions. Based on the morphological diversity 1HZWYT-425,
1HZWYT-430 RAJ, 11SATYN-9425, Jamal-10032, 1HZWYT-422 RAJ, BAW-1397, Jamal-
9046, SABGPYT-4104, Jamal-9006 were identified in cluster | and cluster I11 as similar genotypes
at drought condition. Jamal-9046, SABGPYT-4104, IHZWYT-425, SABGPYT-4110, IHZWYT-
430 RAJ, 11SATYN-9425, Jamal-10032, Jamal-9006, IHZWYT-422 RAJ and BAW-1397 were
identified as drought tolerant genotypes among 100 genotypes through assessment of multi-trait
genotype ideotype index (MGIDI). Based on the molecular diversity five SSR markers viz.
WMS0691, GWM513, GWM495, Barc20 and Tagwm1037 were evaluated in 96 wheat cultivars
for molecular characterizations. All of the SSRs were polymorphic across the 96 genotypes. In
total, 24 alleles were detected and the number of alleles per locus ranged from 2 to 7 with an
average of 4.8 alleles per locus. The most polymorphic alleles (seven) were produced by the marker
GWM495, followed by Tagwm1037 (6), GWM513 (5), and WMS0691 (4). In contrast, Barc20
markers yielded the fewest polymorphic bands per locus of two (2). The highest PIC value (0.84)
was recorded for GWM495, and GWM513 recorded second highest (0.78) and lowest by Barc20
(0.46). The genotypes 1HZWYT-425, 1HZWYT-430 RAJ, 11SATYN-9425, Jamal-
10032, IHZWYT-422 RAJ, BAW-1397, Jamal-9046, SABGPYT-4104, and Jamal-9006
were found to be comparable in cluster 111, V, and VI based on molecular diversity.

Results obtained from the above two study suggested that the genotypes 1HZWYT-425,
1HZWYT-430 RAJ, Jamal-9046, 1IHZWYT-422 RAJ and BAW-1397 should be important genetic

materials for taking any future drought stress breeding programs in wheat.
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CHAPTER |

INTRODUCTION

The second most important commercially produced grain crop in the world is bread wheat
(Triticum aestivum L., 2n=6x=42, AABBDD). It belongs to the genus Triticum and family
‘Gramineac (Poaceae)’. Cultivated bread wheat is an allohexaploid, composed of three
distinct genomes, A, B and D. Bread wheat genome is broad and narrow simultaneously. It is
due to low frequency of hybridization between male Aegilops tauschii (DD) and female

cultivated emmer Triticum dicoccum (AABB) naturally.

Wheat is a staple food for millions of people, being the second-most globally produced cereal
after maize. Wheat provides 70% carbohydrate, 12% protein, 22% crude fiber, 2% fat, and
essential micronutrients such as zinc and iron (Lemmens et al., 2018; Alomari et al., 2019).
By 2050, global wheat production must be increased by 60%, from 3.5 tons per hectare, to
nourish about 9 billion people (Borisjuk et al., 2019; Langridge et al., 2013). In the year
2023/2024, the global production volume of wheat amounted to almost 785 million metric
tons (Bheel, 2024).

In Bangladesh, Bangladesh's wheat production for the 2020-21 marketing year remains stable
at 1.25 million tons. The United States Department of Agriculture (USDA) forecasted that
Bangladesh to import 5.12 million tons of wheat in the marketing year 2022-23 (USDA.,
2024). The production of the 2023 winter wheat crop, harvested in the month of early to mid-
April is officially estimated at 1.1 million tons, on the point of the 5-year average (FAO.,
2023).

Recent work delineates the intensive impacts of global climate change on crop production not
simply unanimously declared its negative impact on worldwide food production however
conjointly expected the additional severe influence (Asseng et al., 2019; Pravalie et al., 2020,
Khan et al., 2020). Wheat can be produced in a varied range of agro-climatic environments;
nevertheless, most of these environments have drought stress as one of the major constraints
to their production and yield. The predicted global warming and climatic fluctuations will
increase the frequency of drought, therefore leading to losses in wheat yield ( Rijal et al.,
2021). However, wheat production is severely affecting and reducing by 29% due to various

abiotic stresses, especially drought stress (Daryanto et al., 2016 and Manickavelu et al.,



2012). Water shortage caused Around 17 -70% yield losses in cereals (Ahmed et al., 2019a,
2019b, 2019c).

Drought is one of the most limiting factors especially in warm dry areas yielding crops (Qadir,
2018) that affect the growth and development of plants. Drought could be a terribly
complicated natural hazard and encompasses a negative impact on the global ecosystem as a
whole. Recently, over the past few decades, Bangladesh has been suffering from significant
crop production losses due to high levels of climate variability (Prodhan et al., 2020). North
western region, namely, the Barind tract, is one of the largest drought-affected areas of
Bangladesh (Islam et al., 2019).

Wheat is grown in Bangladesh under irrigated & rainfed conditions during the winter seasons
of November to March. This is typically not the period when there is a lot of precipitation.
The groundwater level in Bangladesh is therefore rapidly decreasing every day as a result of
the excessive usage of subsurface water for irrigation. Consequently, later phases of drought

stress on wheat result in a sharp reduction in grain production (Jahan et al., 2017).

Drought stress leads to inhibition of chemical activities that are related to decreasing in
pigment content, plasma membrane stability, inflicting loss of membrane porosity and harm
to the varied physiological and organic chemistry functions that eventually have an effect on
the expansion of plant (Ma et al., 2017, Ahmed et al., 2019a, 2019b, 2019c).

Developmental response of plants to drought stress is manifested through enhanced root
growth and suppressed shoot growth resulting in increased root shoot ratio (Sharp et al., 2004,
Yamaguchi and sharp, 2010 and Xu et al., 2013). Considering the organs that could be most
important in drought, roots are usually the earliest organ to perceive the drought stress and
then communicate this to shoots and leaves (Bianco et al., 2018). A combination of 20%
faster root descent and more efficient roots can result in more effective water extraction from
sub-soil (roots below 60cm) and provide yield benefits of 0.32-0.44 t ha~! in wheat (Lilley
and Kirkegaard,2011). Drought stress usually inhibits shoot growth but stimulates root
growth to accelerate the remobilization of photo-assimilates from shoots to roots to cope with
drought stress (Yamaguchi and Sharp, 2010). So, it is considered that water stress is usually
less detrimental to grain yield when occurring early in the crop cycle (Blum, 1996). To

survive under abiotic stresses plants have developed various adaptive strategies that manifest



in them morphological, physiological, developmental and molecular changes (Bohnert et al.,
1995 and Bray, 1997).

Drought-tolerance of wheat genotypes is a complex trait, being affected by several factors,
including growth conditions, physiology, genotype, developmental stage, severity, and
duration of drought, which implies diverse gene expression patterns and complex signaling
pathways (Budak et al. 2015). Understanding the genetic, physiological, and biochemical
mechanisms involved in the response of wheat genotypes to drought is useful to design
breeding strategies for the selection of superior and drought-resilient genotypes (Nardino etal.
2022). However, understanding such mechanisms often requires genome wide association
studies (Ballesta et al. 2020), in addition to physiological assessments and biochemical
analyses (Abid et al., 2018), which are often difficult and time-consuming. Alternatively, the
response of wheat genotypes to drought can be easily assessed under field conditions by

observing the impacts of the stress on agronomic traits (Sallam et al. 2018)

The selection of superior wheat genotypes through multivariate strategies can be designed
using the multi-trait genotype ideotype distance index (MGIDI) (Olivoto and Nardino 2020),
since this index is accurate, easy to interpret, and free of weighting coefficients and multi-
collinearity problems. The single-environment multi-trait genotype—idiotype distance index
(MGIDI) for simultaneous selection, considering mean performance and stability in the
analysis of multi-environments using both fixed and mixed-effect models proposed by
researchers (Olivoto, Lucio, da Silva, Marchioro et al., 2019; Olivoto, Lucio, da Silva, Sari
et al., 2019). Moreover, most existing studies use phenotypic data to make inferences about
the genotypes, which may not represent the true genetic value of individuals. Alternatively,
the estimation of variance components by restricted maximum likelihood (REML) and
prediction of genetic values by the best linear unbiased prediction (BLUP) allow the inference
about best genotypes efficiently and accurately (C. Machado e Silva et al.2023). Factor
analysis (FA) by giving a factorial score, idiotype design based on desirable and undesirable
factors, and estimation of spatial probability based on genotype—idiotype distance enables
researchers to measure genotype ranking (Rocha et al., 2018). Due to variations in the
environmental conditions, the genotype performance may vary from strength to weakness and
vice versa (Al-Ashkar et.al. 2023).

The selection of parental genotypes for hybridization using effective molecular markers is a
useful strategy. It permits speedy identification and choice of genetically unrelated oldsters



for strategic crosses. Hence practical genes may be recombined in dominant yield and yield-
related traits, and quality traits for choice (Jernigan et al., 2018; Sonrnezoglu and Terzi,
2018). Molecular markers provide a direct measure of genetic diversity and circumvent the
environmental influences, providing complementary data through an efficient assessment of
genetic diversity in crop genetic resources (Verma et al., 2019). Several molecular markers
have been used in the genetic analysis of bread wheat (Kumar et al., 2019). SSR markers are
extensively used in genetic studies because they are chromosome-specific, contain high
polymorphic information, multi-allelic, and are omnipresent across the genome. Simple
sequence repeats (SSR) markers are widely effective in drought tolerance genetic
characterization in bread wheat (Sonmezoglu and Terzi, 2018) and have great sources of use
for genetic diversity analysis because of their high level of polymorphism (Tamar et al., 2016;
Abbasabad et al., 2017). Very few studies have investigated genetic diversity and molecular

characterization in wheat genotypes in Bangladesh.

Considering the above facts, the research hypothesis might be the identification of potential
drought tolerance genotypes. This might be achieved through suitable phenotypic selection
methods like MGIDI and molecular characterization of the genotype Therefore, the research
was undertaken to find out the drought-tolerant and diverse parents of wheat for future
drought tolerance breeding using different wheat genotypes together with Bangladesh Wheat
and Maize Research Institute (BWMRI) released varieties through the phenotypic and

molecular genotypic data.
Therefore, this study was conducted to achieve the following specific objectives:

-To study the genetic variability and heritability of different morphological traits under

controlled and drought-stressed conditions.

-To study cluster analysis and principal component analysis using morphological traits

under controlled and drought-stressed conditions.

-To select the best plant genetic materials based on multi-trait assessment through the
MGIDI index in early growth.

-To identify diverse parents for drought tolerance breeding in wheat using SSR markers.



CHAPTER II
REVIEW OF LITERATURE

Wheat is the world most important cereal crop in terms of production and area. It has been
grown in a wide range of arid and semi-arid areas, where drought occurs frequently because
of rainfall fluctuations in rain-fed regions, and water scarcity in irrigated regions. Drought
stress tolerance is a complex trait that is obstructed by low heritability and deficiency of
successful selection approaches. Therefore, selection of wheat genotypes should be adapted
to drought stress. In addition, drought tolerance mechanism should be identified during the

development of new cultivars in order to increase the productivity.

For the purpose of improving this crop, many researchers from around the world have worked
on various aspects. The following beads contain a brief summary of the literature that is
relevant to the goals of the current study.

2.1 Occurrence of drought and its effects

Global warming is a threat to world food security and lack of rain as a result of it has severely
affected food security. The temperature increase has a direct impact on water resources and
agricultural activities, leading to more severe drought. Agricultural production is threatened
by a spring agricultural drought (between February and April) between 2050 and 2100 under
the RCP4.5 scenario, which can have serious consequences on agricultural income as well as
food security (Senna et al., 2022). Plant productivity is declining because of various climatic
events that have increased or changed, and they threaten global food security (Mickelbartet
al., 2015).

When plants are exposed to abiotic stress conditions such as drought, salinity, excessive
rainfall and high temperature, this affects the development and growth of the plant negatively
and it causes metabolic and physiological changes in the plant. Changing climate events are
predicted to cause an increase in the frequency of floods, drought and high temperatures (Bita
and Gerats 2013). In these events, drought is the major abiotic stress factor that adversely
affects crop production and quality especially wheat. The wheat being affected negatively
from drought and climate changes makes the situation worse (Huseynova and Rustamova,
2010).



Water deficit or drought is one of the many factors to which plant's metabolic machinery
responds (Thomason et al., 2018). Photosynthesis, stomatal activity, enzymes, adenosine
triphosphate (ATP) synthesis, respiration, and many other important phenomena taking place
in plants arc adversely affected by physiological stress, and if the stress is prolonged, plant
growth and productivity arc severely affected. Among different biochemical responses,
osmolyte biosynthesis and Function, water flux control, and membrane transport of ions for
maintenance and reestablishment of homeostasis arc considered to be affected in particular
(Hasegawa et al., 2000).

Drought stress not only affects plant growth and development but ultimately productivity in
almost all the cereals, thus it is one of the most serious threats to world agriculture
(Hamayunet al., 2010 and Subhaniet al., 2011). The situation demands crop breeding for
drought stressed areas utilizing using traditional along with modern molecular techniques.
The genes for drought tolerance arc regulated at once under drought conditions and produced
the respected products that response to signal transduction, stress response and help the plant
to withstand under drought stress (Zhou et al., 2010).

Wheat production may decline substantially in China, India and Russia due to climate
variability. Yield losses due to drought depend on the growth stage and severity of stress
(Daryanto et al. 2016). To cope with the changing climatic conditions, breeding for drought
tolerance using novel genetic resources is the most important strategy (Mwadzingeniet al.
2016). However, due to limited availability of resistance resources, it is not satisfactory for

progress in breeding drought tolerant cultivars.
2.2 Mechanism of drought tolerance

Avoiding drought is an extremely important adaptation for survival in a water limiting
environment. However, plant physiologists are generally more interested in plants that are
able to tolerate drought (i.e., plants that have evolved n number of anatomical, developmental.
biochemical, physiological and molecular adaptations to limit the drying out of vegetative
tissues). The mechanisms for coping with drought in plants can be divided into three
categories: 1) escape, 2) avoidance, and 3) tolerance. Cultivars that have the ability to escape
water stress are able to complete their life cycles before the water deficits can have an extreme
effect on performance. Ideally, these cultivars exhibit high rates of growth and gas exchange

using the available moisture to successfully reproduce before the time when water is limited.



Associated with successful escape of water stress are increased stem and root carbohydrate

storage, and the ability to mobilize reserves during increasing drought (Kapoor et al., 2020).

Plants may be able to tolerate moisture stress by avoiding tissue dehydration. This is done by
maintaining tissue water potential as high as possible. A number of mechanisms exist by
which plants can avoid dehydration by minimizing water loss. These include closing of
stomata, reducing light absorbance (i.e., curling of leaves), possessing dense trachoma, which
increase light reflectance, exhibiting a steep leaf angle, or by decreasing canopy leaf area by
developing smaller leaves or shedding older leaves. Other ways to avoid dehydration is to
maximize water uptake by increasing investment in root growth to provide the plant water
from greater depth. Lastly, tolerance of water deficiency is associated with plants that. at the
cellular level, have the ability to make osmotic adjustments, have more rigid cell walls or
have smaller cells. At the organ level, plants with smaller leaves have the ability to tolerate
drought stress as they have a greater ability to dissipate extra solar energy as well as a greater

efficacy in controlling water loss through stomata (Wang et al., 2020).

Success of certain crop plants under drought environments merely depends on presence of an
optimum combination of these three resistance mechanisms. Breeding for drought in past has
been facilitated by conventional breeding approaches by concentrating on yield and it's
relating components. Breeding for new and improved cultivars against abiotic stress needs a
thorough understanding of the reactions of plant tissues and organs against the prevailing

stress.

Drought tolerance in wheat is a complex intrinsic response that is regulated by an interlinked
network of genes, which are synchronized by some key players. At the molecular level, it is
mainly regulated at transcription that involves the expression of genes, followed by the
regulation at post transcription, translation, post translation, and epigenetic levels
(Mohammadi, 2018).

2.3 Genetic parameter studies in wheat

Heidari et al. (2020) used sixteen advanced durum wheat breeding lines were evaluated under
rain-fed and supplementary irrigation conditions in a randomized complete block design
(RCBD) with three replications on seventeen agro-morphological characters to examine
genetic value of the traits. Most traits revealed the highest coefficients of variation (CV).
Results showed that the maximum phenotypic variance (PCV) of traits were generally higher



than genotypic coefficients of variance (GCV) under both conditions. Obtained heritability
for several traits indicates that most likely the heritability is due to additive gene effects and
selection may be effective in early generations for these traits. These parameters were

estimated for a number of traits in vitro cultures as well.

Arifuzzaman et al. (2020) carried out an investigation with 25 wheat genotypes composed of
cultivars and advanced lines to screen drought-tolerant bread wheat genotypes using
multivariate analysis. The experiment was conducted in a split plot design with three
replications and two treatments control and drought. High heritability was observed for all

the traits except fag leaf length, fag leaf breadth and number of tillers per plant.

Alemu et al., (2020) evaluated 64 durum wheat landraces using an 8 x 8 simple lattice
designs. Analysis of variance indicated the presence of highly significant (p < 0.01) variations
among accessions for all traits. The observed wide range of differences among genotypes for
these main traits may be due to genetic differences of genotypes and selection can be effective
for breeding programs. The highest values for both heritability (85.5%) and genetic advance
as percent mean (19.96) for plant height indicates better possibility and easiness for trait

improvement through selection.

In Atinafu et al. (2020) study, high heritability was estimated for tillers/plant, plant height,
above ground biomass at Fereziye and characters that showed high heritability at Kotergedira
were also tillers/plant, plant height, above ground biomass. For all traits, phenotypic
coefficient of variation was highly higher than genotypic coefficient of variation this

indicating that there was environmental influence on these traits.

Rana (2019) used ten wheat genotypes in his experiment namely BARI Gom 25, BARI Gom
26, BARI Gom 27, BARI Gom 28, BARI Gom 29, BARI Gom 30, BARI Gom 31, BARI
Gom 32 and two advanced line BAW 1203 and BAW 1194. The results of the experiment
revealed that there were a genetic variability and significant variations between genotypes
were observed for all the characters.

According to Ullah et al., (2018), genetic variability, heritability and correlation were
observed in 63 wheat advanced lines. Genotypic (GCV) and phenotypic coefficients of
variation (PCV) ranged from 1.60 to 15.74% and 1.74 to 19.91% for tested traits.



2.4 Correlation analysis in bread wheat germplasms

Belay et al., (2021) showed a significant and positive correlation was found between
photosynthetic pigments in both growth conditions. Proline exhibited a negative correlation
with most of the investigated traits except root to shoot length ratio and all photosynthetic
pigments which showed a positive and non-significant association.

Ferede et al., (2020) initiated a study to showed significant difference (P < 0.05) among bread
wheat genotypes for all studied traits. In the genetic linear regression analysis over years, only
thousand seed weight showed positive significant increment, whereas grain yield, biological
yield, days to physiological maturity, plant height and test weight showed positive non-

significant increment.
2.5 Multivariate cluster analysis and principal component analysis

Thungo et al. (2020) found Cluster analysis grouped the CIMMYT bread wheat genotypes
into six main groups. This aided identification and selection of genetically unrelated
genotypes such as LM02, LM13, LM23, LM41, LM44, LM71, LM73 and LM75 suitable for
population development. In line with agronomic data, genotypes such as LM02. LM 1 3,
LM23 and LM75 were identified as high-yielding and recorded grain yields of > 2 tons/ha
under drought-stressed condition and possessed suitable yield component traits such as higher

thousand kernel weight.

Amin et al. (2020) studied genetic divergences of 50 wheat lines through Mahalanobis's D2
and principal component analysis for fourteen characters. Genotypes were grouped into four
different clusters. Cluster 11 comprised maximum number of genotypes (twenty-one)
followed by cluster IV. The inter-cluster distance was maximum between clusters r and 111
(12.29) indicating wide genetic diversity between these two clusters followed by the distance
between cluster | and cluster Il (8.28), and cluster Il and cluster IV (7.97). Among the
characters, heading days, maturity days, plant height (cm), canopy temperature at vegetative
stage, canopy temperature. Cluster I had the highest. mean for chlorophyll content at anthesis,
and plant height (93 cm).

Arifuzzaman et al. (2020) carried out an investigation with 25 wheat genotypes composed of
cultivars and advanced lines to screen drought-tolerant bread wheal genotypes using
multivariate analysis. The experiment was conducted in a split plot design with three

replications and two treatments control and drought. Based on the genetic distance, all the 25



genotypes were grouped into three different clusters. In control conditions. cluster number |
contained most tolerant genotypes and under drought conditions, cluster number Il contained
most drought-tolerant genotypes. In biplot, the genotypes SATYN- 24, BARI Gom-24 and
SATYN-2 contributed positively and correlated with number of tillers per plant, shoot fresh

weight, flag leaf breadth, proline content and plant height under drought conditions.

Khodadadi et al. (2011) conducted an experiment at the Agricultural Research Farm of
Shahed University, Tehran, Iran as a randomized complete block design with three
replications. Cluster analysis based on squared Euclidean distance and ward's method,
categorized the cultivars into seven groups. The highest genetic distance was observed
between Sardari and Spn/Mcd/Cama/3/Nzr/4/Passarinho (SP) genotypes.

2.6 Multi-trait Genotype Ideotype Distance Index (MGIDI)

Silva et al., (2023) conducted a study to evaluate the use of drought-tolerance indices for the
selection of wheat genotypes, to compare the genetic gains using different selection strategies
by means of a multi-trait index, and to select superior drought-tolerant wheat genotypes. The
total of 31 tropical wheat lines was evaluated in two experiments. Five agronomic traits were
accessed. The data were subjected to mixed model analysis, and four selection scenarios were
designed. There was a significant effect of genotype for all traits. The inclusion of drought-
tolerance indices in the selection index provided superior genetic gains in drought condition.
Seven lines were selected due the high frequency of favorable alleles for drought-tolerance
and other important agronomic traits. Drought-tolerance indices are appropriate for
characterizing the response of wheat genotypes to drought stress. The inclusion of drought-
tolerance indices along with agronomic traits in multi-trait selection strategies provides for

superior gains in grain yield compared to the non-inclusion of the indices.

Alireza et al., (2021) studied the effect of water-deficit stress on a core collection of landraces
and wild relatives of wheat (including 180 samples belonging to four Triticum and eight
Aegilops species [T. boeoticum Bioss., T. urartuGandilyan., T. durum Def., T. aestivum L.,
Ae. speltoides Tausch., Ae. tauschiiCoss., Ae. caudata L., Ae. umbellulata Zhuk., Ae. neglecta
L., Ae. cylindrica Host., Ae. crassaBoiss., and Ae. triuncialis]) in terms of several
physiological traits, root and shoot biomasses, and features of root system architecture (RSA).
All genetic materials were subjected to water-stress treatment using a pot experiment under

greenhouse conditions. To screen the most tolerant accessions, three selection indices, such
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as Smith and Hazel (SH), factor analysis and ideotype-design (FAI), and the multi-trait
genotype-ideotype distance index (MGIDI) were computed.

According to Farhad et al., (2021), A best linear unbiased prediction (BLUP)-based multi-
environmental stability analysis was conducted on three sets of genotypes across three
consecutive years (2017, 2018, and 2019) under early and timely planting dates to identify
genotypes for further breeding. A significant genotypic effect was observed for all traits in
the single environment analysis. A genotype—environment interaction (GEI) was observed in
the mixed-effect model, except for FLGLFA in Season 2 and SpkLng in Season 3 Residual
components of variation were found to increase under early planting for all studied traits due
to exposure of genotypes to early heat and a prolonged growing period. A higher GEI was
observed in dissected phenological events such as BTH and GFD. Among phonological traits,
it was found that DTB, GFD, and DAYSMT were strongly supporting selection gain
throughout all seasons under early planting.

Al-Ashkar et al., (2023) used multi-trait genotype-ideotype distance index (MGIDI) to detect
the ideotype. Six tolerance multi-indices were used to test twenty wheat genotypes grown
under multiple abiotic stresses. The G01, G12, G16, and GO2 were selected as the appropriate
and stable genotypes using the MGIDI with the six tolerance multi-indices. The pooled
analyses (MGIDI) showed genotype GO1 as the most stable candidate. The genotype (G01)
is considered a novel genetic resource for improving productivity and stabilizing wheat

programs under multiple abiotic stresses.
2.7 SSR Marker based DNA Fingerprinting

Thungo et al. (2020) studied twenty-four agronomically selected wheat genotypes sourced
from the International Maize and Wheat Improvement Centre (CIMMYT)'s heat and drought
tolerance nursery and four local check varieties were genotyped using 12 selected
polymorphic SSR markers. Expected heterozygosity mean value of 0.58 indicated moderate
genetic diversity for breeding. The studied wheat genotypes were delineated into six genetic
groups using cluster analysis. Significant genotypic differences were observed for agronomic
traits and GPC under NS and OS conditions. Genetically unrelated breeding parents including
LMO02, LM13, LM23, LM41, LM44, LM71, LM73 and LM75 were selected for population
development and breeding for enhanced grain yield and protein content under heat and

drought-stressed environments.
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A total of sixteen SSR primers were examined by Kara et al. (2020); only eleven of them—
WMC 14, WMC 15, WMC 17, WMC 20, WMC 21, WMC 24, WMC 25, WMC 27, WMC
48, WMC 50, and WMC 283—produced polymorphic bands. For WMC 16, WMC 18, WMC
19, WMC 22, and WMC 23 primers, no amplified products were found. Between 0.14 (WMC
21) and 0.70 (WMC 50 and WMC 17), the Polymorphism Information Content (PIC) ranged,

with an average of 0.48 and 0.49. This indicates that the markers were highly informative.

Verma et al. (2019) suggested that a combined use of phenotypic and molecular data was a
powerful approach to identify divergent parents because of the complementary nature of the

two marker systems.

Sonmczoglu and Terzi (2018) found the results of the molecular studies identified and
detected 15 polymorphic SSR markers which gave the clearest PCR bands among the control
genotypes. At the end of the research, bread wheat genotypes which were classified for
tolerance or sensitivity to drought and the genetic similarity within control varieties were

determined by molecular markers.

Igbal et al. (2016) tested SSR primer pairs (45) for polymorphism among selected wheat
genotypes. The dendrogram results have shown the wheat genotype association with the
levels of praline during induced drought stress. The relationship between pattern of drought
responsive biochemical attributes and DNA markers in the selected wheat genotypes was
recognized to select drought tolerant genotypes for sowing in drought affected areas of the

country.

Bousbaet al., (2012) conducted a study where A total of 136 fragments were obtained from
the 26 SSR primers and all the bands were polymorphic across all the genotypes screened,
most of them were polymorphic. The polymorphism information content (PIC) values ranged
from 38 % to 94%, with an average of 74%. A total of 136 fragments were obtained from the
26 SSR primers and all the bands were polymorphic across all the genotypes screened, most
of them were polymorphic. The polymorphism information content (PIC) values ranged from
38 % to 94%, with an average of 74%.

2.8 SSR Marker based genetic diversity in wheat

Kara et al., (2020) studied a total of 16 SSR primers tested, only 11 showed polymorphic
bands (WMC 14, WMC 15, WMC 17, WMC 20, WMC 21, WMC 24, WMC 25, WMC 27,
WMC 48, WMC 50, and WMC 283). No amplified products were obtained with WMC 16,
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WMC18, WMC 19, WMC 22 and WMC 23 primers. The Polymorphism Information Content
(PIC) was varied from 0.14 (WMC 21) to 0.70 (WMC 50 and WMC 17) with an average of
0.48 and 0.49. This implies that the markers were highly informative.

In Nahaset al., (2020) study, 9077 ESTs related to drought tolerance in hexaploid wheat were
downloaded from NCBI and assembled into 12062 contains and 4141 singletons. 81% of
SSR-containing uniqueness had one chromosome location and the highest number of loci was
found in chromosomes 1B (69). The distribution of genic SSR loci among the 21 wheat
chromosomes, the three sub-genomes and the seven homoeologous groups of wheat

chromosomes was significant, with P<0.01 indicating a non-random distribution.

Odindo (2020) found that polymorphic information content (PIC) correlates positively with
the number of alleles per locus and useful for assessment the discriminating power of markers.
The PIC values for the SSR loci ranged from 0.28-0.77, with a mean of 0.58 which is higher
than mean PIC (0.33) and lower than the PIC value of 0.60 in wheat. Simple sequence repeats
primers with high PIC also exhibited high number of effective alleles per locus (i.e., Wmc596
[PIC =0.73, Ne = 3.66], Xwmc182a [PIC = 0.76, Ne = 4.24], and Xwmc707-4a [PIC = 0.77,
Ne = 4.40]), showing high marker ability for genetic analysis among the studied heat and

drought tolerant wheat genotypes.

Thungo et al., (2020) studied twenty-four agronomically selected wheat genotypes sourced
from the International Maize and Wheat Improvement Centre (CIMMYT)’s heat and drought
tolerance nursery and four local check varieties were genotyped using 12 selected
polymorphic SSR markers. The test genotypes were phenotyped using yield and yield-
component traits, and grain protein content (GPC) under non-stressed (NS) and drought-
stressed (DS) conditions. Expected heterozygosity mean value of 0.58 indicated moderate
genetic diversity for breeding. Significant genotypic differences were observed for agronomic
traits and GPC under NS and DS conditions.

Vermaet al., (2019) suggested that a combined use of phenotypic and molecular data was a
powerful approach to identify divergent parents because of the complementary nature of the

two marker systems.

Sonmezoglu and Terzi (2018) revealed that 10 bread wheat cultivars (Triticum aestivum L.)
and 9 breeding lines examined by using SSR microsatellite markers. The genotypes were
screened with molecular markers for the presence of QTLs mapping to different

13



chromosomes. The molecular studies results were identified and detected 15 polymorphic
SSR markers which gave the clearest PCR bands among the control genotypes. At the end of
the research, bread wheat genotypes which were classified as tolerant or sensitive to drought

and the genetic similarity within control varieties were determined by molecular markers.

Gurcan et al., (2017) conducted an experiment that 50 hulled wheat populations from
Kastamonu, Konya and Kayseri provinces and 15 tir wheats from Kars’s provinces of Turkey

showing some quantitative and qualitative traits of each population were determined.
Wang et al., (2017) constructed a UPGMA clustering which indicated that the

238 T. urartu accessions could be classified into two subpopulations. The wide range of
genetic diversity along with the manageable number of accessions makes it one of the best
collections for mining valuable genes based on marker-trait association. The data
demonstrated that SSRs and HMW-GSs were useful markers for identification of beneficial
genes controlling important traits in T. urartu, and subsequently for their conservation and
future utilization, which may be useful for genetic improvement of the cultivated hexaploid

wheat.

Igbal et al., (2016) tested SSR primer pairs (45) for polymorphism among selected wheat
genotypes. The dendrogram results had shown the wheat genotype association with the levels
of proline during induced drought stress. The relationship between pattern of drought
responsive biochemical attributes and DNA markers in the selected wheat genotypes was
recognized to select drought tolerant genotypes for sowing in drought affected areas of the

country.

Kumar et al., (2016) studies showed the advancement in the field of molecular markers has
made the genetic characterization of genotypes rapid, reliable and reproducible. In this study,
10 wheat genotypes had characterized at molecular level using 12 simple sequence repeat
(SSR) markers. Individual distinctness of the genotypes had become evident from the
dendrogram prepared on the basis of allelic diversity revealed by the molecular markers.
Among the 12 SSR markers used, 2 had been observed to be monomorphic, whereas the rest

of the markers revealed polymorphic information content values ranging from 0.17 to 0.50.

Sehgalet al., (2012) found that the molecular characterization and genetic diversity of 20
wheat genotypes was observed using 34 polymorphic Simple Sequence Repeats (SSR)

screened primers. Shalimar-86 and Chakwal-86 showed the highest genetic diversity with
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SH-02 and Ufaq respectively, giving a 98.94% genetic similarity and between Chakwal-50
and Bhakar minimum genetic diversity was observed which indicated that they are 74%
similar. The current research found that SSR makers could enable to distinguish and
characterize all of the genotypes.
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CHAPTER Il
MATERIALS AND METHODS

The field experiment was conducted at Breeder Seed Production Station, Bangladesh Wheat
and Maize Research Institute, Debiganj; Panchagarh and the molecular experiment was
conducted in the Department of Genetics and plant Breeding, Hajee Mohammad Danesh
Science and Technology University, Dinajpur, Bangladesh and Bangladesh Wheat and Maize
Research Institute (BWMRI), Dinajpur, Bangladesh. The materials and methods of these

experiments are described below.
3.1 Experimental site

The experimental site was located at 26.11° N latitude and 88.76 E longitudes at an altitude
of 46 m above from the mean sea level. This site is belonging to the agro-ecological region
of the AEZ-1 (Old Himalayan Piedmont Plain).

3.2 Climate

The field experiment was conducted at Breeder Seed Production Station, BWMRI, Debiganj,
Panchagarh during December 2022 to April 2023. During the growth period of this crop, the
average atmospheric temperature range was 9.53-28.23°C. The relative humidity was 96.9-

100% and the amount of rainfall was zero.
3.3 Wheat genotypes

A set of 100 diverse bread wheat genotypes consisting of old and new Bangladeshi elite
varieties, exotic lines, synthetic hexaploid, and derived lines were used in the study. These
wheat genotypes were collected from the Wheat Breeding Division of Bangladesh Wheat and
Maize Research Institute (BWMRI), Dinajpur, Bangladesh (Table 1).
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Table 1. Plant materials used in the experiment (Source: Bangladesh Wheat &

Maize Research Institute, Dinajpur)

SL.NO. Genotype SL.NO. Genotype
1 11SATYN-9406 26 1HZWYT-448 RAJ
2 11SATYN-9412 27 1IHZWYT-449 RAJ
3 11SATYN-9416 28 29SAWYT-11 RAJ
4 11SATYN-9417 29 29SAWYT-3 RAJ
5 11SATYN-9425 30 29SAWYT-305
6 11SATYN-9426 31 29SAWYT-312
7 11SATYN-9428 32 29SAWYT-313
8 11SATYN-9437 33 29SAWYT-319
9 1HZWYT-410 34 BARIGOM-25
10 1HZWYT-412 35 BARIGOM-27
11 1HZWYT-417 36 BARIGOM-28
12 1HZWYT-418 37 BARIGOM-30
13 IHZWYT-421 RAJ 38 BARIGOM-31
14 1IHZWYT-422 RAJ 39 BARIGOM-32
15 1HZWYT-423 40 BARIGOM-33
16 1HZWYT-425 41 BAW-1243
17 1IHZWYT-427 42 BAW-1286 CVD-4
18 1HZWYT-428 43 BAW-1322 CVD-6
19 1IHZWYT-430 RAJ 44 BAW-1340 CVD-7
20 1HZWYT-433 45 BAW-1390
21 1HZWYT-434 46 BAW-1394 CVD-9
22 IHZWYT-437 RAJ 47 BAW-1397
23 1IHZWYT-439 RAJ 48 BAW-1399
24 1HZWYT-444 49 BAW-1401 CVD-12
25 1HZWYT-446 50 BAW-1403
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Table 1. Plant materials used in the experiment(contd.) (Source: Bangladesh Wheat

& Maize Research Institute, Dinajpur)

SL.NO. Genotype SL.NO. Genotype
51 BAW-1407 AYT-7 76 Jamal-9033
52 BAW-1408 AYT-8 77 Jamal-9046
53 BAW-1411 AYT-7 78 Jamal-9048
54 BAW-1422 AYT-10 79 SABGPYT-1041
55 BAW-1425 AYT-11 80 SABGPYT-4053
56 BAW-1426 PYT-4 81 SABGPYT-4055
57 BAW-1427 PYT-5 82 SABGPYT-4056
58 BAW-1429 PYT-7 83 SABGPYT-4057
59 BAW-1430 PYT-8 84 SABGPYT-4075
60 Jamal-10008 85 SABGPYT-4079
61 Jamal-10010 86 SABGPYT-4104
62 Jamal-10020 87 SABGPYT-4110
63 Jamal-10024 88 SABGPYT-5050
64 Jamal-10026 89 SABGPYT-5082
65 Jamal-10028 90 SABGPYT-5094
66 Jamal-10029 91 SABGPYT-6006
67 Jamal-10032 92 SABGPYT-6016
68 Jamal-10038 93 SABGPYT-7055
69 Jamal-10059 94 SABGPYT-7056
70 Jamal-10089 95 SABGPYT-8011
71 Jamal-10105 96 SABGPYT-8082
72 Jamal-9006 97 WMRIGOM-1
73 Jamal-9007 98 WMRIGOM-2
74 Jamal-9015 99 WMRIGOM-3
75 Jamal-9030 100 WMRIGOM-4
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3. A) Morpho-physiological characterizations of wheat genotypes at seedling stage

under drought conditions
3.4 Experimental design and set up

The experiment was conducted in a Split Plot Design with two replications. Here, two
treatments viz. control and drought stress were assigned to the sub-plots in which
genotypes were assigned randomly. For this, ten seeds of individual genotypes were sown
in plastic pots (20 cmx20 cmx22 cm) containing a mixture of top soil, silica sand, milled
lava and peat dust etc. The total no. of pots used in this study was 400 (2x2x100).
Considerable spacing was maintained among the pots for convenience of management
operations. Water supply was done with a drip irrigation system by watering pots three
times per day. The drought stress treatment was carried out 21 days after sowing (DAS)
by eliminating the water supply completely. The control block was kept under continuous

supply of irrigation.
3.5 Soil

The experimental land was medium high with fine sandy loam to fine sand texture. The

soil profile depth was 0-70 cm. The soil pH was ranges from 5.1-6.0.
3.6 Collection of sand

The sand was collected from nearby source. Stone pieces, roots of different crops, brick
pieces, polythene sheets, clods etc. were removed with the help of colander. Then the sand
was finely sieved. Required and equal amount of sand was then placed in each plastic pot

with the help of balance.
3.7 Preparation of sand

The collected sand was mixed with required dose of manures and fertilizer shown in Table

2. Then it was ready to fill up the plastic pot.
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Table2. Doses and method of application of fertilizers for wheat

Name of the fertilizer/ manure

Application rate (kg/ha)

Cow dung 10000
Urea 260
Triple Super Phosphate (TSP) 150
Murate of Potash (MoP) 140
Gypsum 125
Boric acid 7

Source: Bangladesh wheat and Maize Research Institute, Dinajpur
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3.8 Preparation of plastic pot

The plastic pots (12 cmx7 cm) were used in conducting the experiment. Finely prepared
soil was used as a matrix for seed emergence. Each pot was filled up with finely mixtured

sand up to 4.5cm.
3.9 Sowing of seeds

Ten seeds were sown in each pot singly at about 2 inch depth according to the experimental
design on 10" December 2022.

3.10 Intercultural operations

When the seedlings were started to grow in the pot, it was always kept under careful
observation. In addition, various intercultural operations were accomplished for better

growth and development of wheat plants.
3.10.1 Irrigation

Water supply was done with a drip irrigation system by watering pots three times per day.
Volumetric Moisture Content (VMC) was measured digitally with the frequency domain
technique. In drought block, the plants were kept under stress for 21 days till VMC will
reach the maximum drought stress threshold near to wilting point (VMC near to 0%). The
control block was kept under continuous supply of irrigation.

3.10.2 Weeding

Weeding was done to keep the pots free from weeds, easy aeration of soil and to conserve
soil moisture, which ultimately ensured better growth and development.

3.10.3 Thinning

Thinning was done to reduce the crop competition and to ensure vigorous growth and

development of wheat plant. Thinning after 21 DAS was done to increase plant growth.
3.11 General observation of the experimental pot

The pot was observed time to time to detect visual difference among the treatment and any
kind of infestation by weeds, insects and diseases so that considerable losses by pest should

be minimized. The pot looked nice with normal green color plants.
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3.12 Data recording

Data on different morphological and biochemical characters were recorded on pot and
basis as per experimental requirement. For plant basis, the data were recorded on selected
plants from each unit pot in a replication and were tagged individual plant. In total fourteen
characters were studied. The all-experimental data were collected after harvesting of
seedling 21 days aged. The plants were collected from pots and the following

measurements were done.

i Plant height in cm (PH)

ii. Number of tillers per plant (NTPP)

iii. Chlorophyll content (CC)

iv. Canopy temperature at °C (CT)

V. Number of dead leaves per plant (NDLP)
Vi, Root fresh weight in gm. (RFW)

vii.  Root dry weight in gm. (RDW)

viii. ~ Shoot fresh weight in gm. (SFW)

iX. Shoot dry weight in gm. (SDW)

X. Root length in cm (RL)

Xi. Root volume (RV)
xii.  Relative water content (RWC)
xiii.  Excise leaf water loss (ELWL)

xiv.  Proline content (PC)
The details of these parameters are described under the following sub-heads.
i) Plant height

Plant height was expressed in centimeters by measuring the plant stalk from the base of

the stem (at the soil surface) to the top of the canopy.
i) Number of Tiller per Plant
Total number of Tiller per Plant was counted at 21 DAS.

iii) Chlorophyll Content
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Chlorophyll content was measured as SPAD unit from the electronic instrument or device
called chlorophyll meter. The chlorophyll was measured in the drought and control
(irrigated) condition by keeping the healthier leaf in the meter. The readings were taken at

sunshine hours.
iv) Canopy Temperature

Canopy temperature was measured by the infrared thermometer (IRT) known as plant

Canopy Analyzer.

v) Number of Dead Leaves per Plant

Total number of dead leaves per Plant was counted at 21 DAS.
vi) Root Fresh Weight

Root fresh weight was estimated by using an electrical balance in gram (g). For those three
seedlings were randomly sampled from each pot. After that radicle fresh weight were taken

from individual plant and averaged.
vii) Root Dry Weight

The roots which were taken for fresh weight were kept into paper bags and labeled. After
taking fresh weight the root portions of samples were oven dried at 60°C for 72 hours and

weighted by using an electrical balance in gram (g).
viii) Shoot Fresh Weight

Shoot fresh weight was recorded at 21 DAS. For those three seedlings were randomly
sampled from each pot. Then fresh weights of the shoot were taken by using an electrical
balance in gram (g) and averaged.

iX) Shoot Dry Weight

The same method used for root drying was followed for dry weight of shoot (g). After
complete dried in oven those were weighed by electric balance and averaged carefully.

x) Root Length
Root length was measured from the ground level to the tip. The length of the root was

measured in centimeter (cm) with the help of a centimeter scale.
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xi) Root Volume

Root Volume was measured as the volume of water raised by the root in a measuring

cylinder. It is measured in cubic-centimeter (cm?®)
xii) Proline Content (mg/g)

Proline analysis was carried out at the laboratory of the department of Agricultural
Chemistry of Hajee Mohammed Danesh Science and Technology University, Dinajpur.
Samples of the second top leaves from the flag leaf were harvested from the drought and
control plots. Proline extraction was done following the acid-ninhydrin method according
to Bates et al., (1973). This was followed by UV-visible spectrophotometer analysis of the

absorbance of the proline extract in toluene at a wavelength of 520nm.
The proline content on fresh weight basis as-

w moles per g tissue = pg proline/ml x ml toluene/115.5x 1/g sample
xiii) Relative Water Content

At the middle of plant canopy, five fully developed leaf samples were taken from each of
the selected plants from each plot, when drought appeared. After excision each sample
was carefully taken to laboratory in polythene bag and fresh weight was recorded
immediately. The leaf samples were kept in water for overnight to record turgid leaf
weight. On next day the samples were oven dried at 700 C for six hours. The relative water

content was measured using the following formula:
RWC= Fresh weight — Dry weight /Turgid weight — Dry weight
xiv) Excise leaf water loss

Three fully developed leaves were excised from selected plants and carefully were packed
in polythene bags. The samples were brought into laboratory avoiding any water loss.
Immediately at laboratory fresh weight of leaves was recorded and samples were left on
laboratory benches for six hours. After six hours the weight of wilted leaves was recorded
and samples were then be dried in oven at 700 C.

The ELWL was calculated using the following formula:

ELWL= Fresh weight —Wilted weight/ Dry weight
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Figurel.Measuring of root length, root dry weight& root volume
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Figure 2. Estimation of proline content in laboratory
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3.13 Statistical analysis

The data obtained for different characters was recorded first on an MS Excel sheet.
Afterwards, the data were analyzed using the software package R, version 4.2.3 (R Core
Team 2023). The functions gamem_met(), gamem(), corr_ci(), and mgidi() of the R
package Multi-Environment Trial Analysis-Metan 1.11.0 (Olivoto et al., 2020) were used
to compute the analysis in sections A, B, C, and D, respectively. Other data visualizations

and graphs were prepared using Tidyverse 1.3.0 (Wickham et al., 2019).
3.13.1 Mixed model analysis

Three selection indices, including multi-trait genotype-ideotype distance index (MGIDI),
Smith-Hazel (SH), and factor analysis and ideotype-design (FAI) were used to select the
desirable accessions in terms of a complex root and physiological traits. All analyses were

computed in R software using the ‘metan’ package.
3.13.2 Estimation of genotypic and phenotypic variances

Genotypicandphenotypicvarianceswereestimatedbasedonmethodwhetherthegenotype,
location and environment factors are defined as random or fixed reported by Dagnelie
(1975).

Genotypic variance (°%g) = (MSg — MSe)/r

Where,

MSg = Mean sum of squares for genotypes;

MS. = Mean sum of squares for error

r= Number of replications;

And Phenotypic variance (°2,) =°%5+° 2%
Where,

°2,=Genotypic variance

°2,=Environmental variance/Error mean square
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3.13.3 Estimation of heritability

Heritability in broad sense (h?%) was estimated following the formula of Johnson et al.
(1955).

h% (%) :Zj—ixloo
Where,

°2,=Genotypic variance;
and °2,=Phenotypic variance.

3.13.4. Descriptive analysis

Descriptive statistics was used to compute the most used measures of central tendency,

position and description. It was calculated by following equation:
Yij=p+oai+Tj+eij

Where yij is the value observed for the ith genotype in the jth replicate (i=1,2 ... ¢; ] =
1, 2... r); being g and r the number of genotypes and replicates, respectively; ai is the
random effect of the ith genotype; Tj is the fixed effect of the jth replicate; and €ij is the
random error associated to yij.

The agronomic data were subjected to mixed model analysis for the estimation of genetic
parameters by the REML method, and prediction of genotypic values by BLUP according

to
Eq. 1: y=Xb+Zu+e

in which: y = a vector n[)jr =1(gr)]x1 of observations, that is, the response of the ith
genotype inthe jthblock (i=1,2,...,09;j=1,2, ..., 1,y =[yll,y12, ..., ygr]’); b= a vector
1 x r of block fixed effects, b [y1, y2, ..., yr]"; g =a vector m [1 x g] of the random effects
of genotype, g [al, a2, ..., ag]’, g ~ N(0; I 6g2); e = a vector n x 1 of the random error
effects, e = [y11, y12, ..., ygr]’, e ~ N(0; I 6g2); X, and Z = the incidence matrices of the

effects.
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3.13.5 Partial correlation analysis

To consider the influence a set of traits on the relationship between two traits the partial
correlation is used. From Pearson’s simple correlation matrix, the partial correlation is
calculated by the following equation:

—Qyy

T, -
xym =g ay

Where 1, ., is the partial correlation coefficient between the traits * x * and * excluding

the effects of the m * remaining traits of the set; —aij is the inverse element of the
correlation matrix corresponding to Xy, aiiajj are the diagonal elements of the inverse
matrix of correlation associated with trait x and y, respectively. The significance of this

correlation is also tested by the test * t * according to the following expression:

tcalc = r v
xym J1- szy.m

Where t_,;. IS the calculated Student * t * statistic; $ r {xy.m} $ is the partial correlation
coefficient for the traits x and y excluding the effect of the other * m * traits; * n * is the

number of observations; and * v * is the number of traits.
3.13.6 Multivariate Analysis

The utilization of biometrical procedures has enabled the quantification and selection of
genetically diverse parents for a hybridization program (Rao 1952). Multivariate analysis
techniques, such as cluster analysis and principal component analysis (PCA) are effective methods
for assessing genetic diversity by quantifying differences among multiple quantitative traits.
Here, pooled mean data were utilized for clustering using Python software (Pilgrim and Willison
2009). A hierarchical agglomerative method was utilized, employing the Euclidean distances in
Ward’s method. The clustering process is structured in a manner that within-group variance is
minimized, and for this reason earning it the name Ward’s minimum variance method (Ward
1963). The optimal number of clusters was determined based on the point where the total

clusters within-cluster variance exhibited a significant reduction.
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3.13.7 Factor analysis

The MGIDI was used to rank the treatments based on the desired values of the studied
trait. First, factor analysis was computed with (rXij) to account for the correlation structure

and dimensionally reduction of the data, as follows
X=p+Lf+e

Where, X is a px1 vector of rescaled observations; [ is a px1 vector of standardization
means; L is a p x f matrix of factorial loadings; f is a px1 vector of residuals, being p and
f the number of traits and common factors retained, respectively. The eigenvalues and
eigenvectors are obtained from the correlation matrix of rXij. The initial loadings are
obtained considering only factors with eigenvalues higher than one. Then, the varimax
rotation criteria is used for the analytic rotation and estimation of final loadings. Finally,
the scores are computed as follows:

F= Z(ATR™Y)T

Where F is a g x f matrix with the factorial scores; Z is a g X p matrix with the (rescaled)
standardized means; A is a p x f matrix of canonical loadings, and R is a p X p correlation
matrix between the traits. g, f, and p represent the number of treatments, factors retained,
and analyzed traits, respectively. The number of factors retained was based on the

Guttman-Kaiser criterion following the eigenvalues-greater-than-one rule.
3.13.8 Principal component analysis

To visually understand the relationships between trait and their association with the
treatments, we conducted a Principal Component Analysis (PCA) with Xij containing the
treatments in rows and traits in columns. A biplot was produced with the function

fviz_pca_biplot() from the R package factoextra.

Data manipulation and the index computation were performed in the R Software using the

package metan and the ecosystem of packages Tidyverse.
3.13.9 Multi-trait Genotype -ldeotype Distance Index

After the factor analysis, the MGIDI is computed as the Euclidean distance between the

scores of treatments and the ideal treatment was computed as follows:
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MGIDI = 37 [(vij = vD)?]**

Where MGIDI is the multi-trait genotype-ideotype distance index for the ith treatment; vij
is the score of the ith treatment in the jth factor (i =1, 2... t; j = 1, 2...f), being t and f the
number of treatments and factors, respectively; and vj is the jth score of the ideal treatment.
The treatment with the lowest MGIDI is then closer to the ideal treatment and therefore

presents desired values for all the p traits.
3.13.10 Strengths and weaknesses

The proportion of the MGIDI of the ith treatment explained by the jth factor (wij) was used
to show the strengths and weaknesses of the treatments and was computed as:

JDZij
%1 /D7ij

wij=

where Dij is the distance between the ith treatment and ideal treatment for the jth factor.
Low contributions of a factor suggest that the traits within such a factor are close to the
ideal treatment.

3. B) Molecular characterization and diversity analysis in wheat using SSR markers
3.14 Genomic DNA Isolation

2-4 pieces of young leaves were collected in eppendorf tube and were dried for 6-7 days
in silica gel. The samples were grinded using mortar and pestle. 800 pl of warmed (65°C)
CTAB buffer was added to each tube and was vortexed thoroughly. Samples were
incubated in water bath at 65°C for 45 minutes and at every 10 minutes they were mixed
gently by inversion (400 pl of 2% - Mercaptoethanol was added to 200 ml of extraction
buffer prior to warming). The tubes were taken out of the water bath and left at room
temperature for 5 minutes.600 pl chloroform Isoamyl alcohol was added (24:1). The
samples were mixed by gently inversion for about 2 minutes (100 times) until two layers’
mix. Then the samples were centrifuged for 4000 rpm at room temperature for 20 mins.
The aqua phase was removed with wide bore pipette. The aqua phase was transferred to
clean 1.5 ml tube then 2/3 volume of Ethanol was added and mixed gently to precipitate
the nucleic acids. At this stage the samples were stored in 4°C for overnight. After that the
samples were centrifuged at 10000 rpm for 20 minutes and the supernatant was discarded.
Then the DNA was dried so that there was no ethanol. 500 pl of washing buffer was added
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in each tube and the DNA was washed gently inversion. Again, the samples were
centrifuged at 10000 rpm for 20 mins, then the supernatant was removed and the tubes
were left on bench for drying.100 pl double distilled water was added, the samples were
left for dissolving. Finally, the samples were stored in 4°C for short term.3.15 DNA

Quantification

The Quality of the extracted DNA samples were also checked prior to PCR amplification
through Quantification wusing a Thermo Scientific Nano Drop® TMZ1000
Spectrophotometer (Thermo Fisher Scientific, USA).

Figure 3. DNA extraction, quantification

3.16 PCR Amplification and Electrophoresis Separation

PCR amplifications were performed in 10 pL tube using a Veriti Thermal Cycler
(Apliedbiosystems, USA). 2uL of template DNA, and 8 uL (0.5 of Forward primer, 0.5uL
of Reverse primer, 2ulL of nuclease free water and SuL of G2 Green Master Mix) of
reaction mixture was added in each tube. The PCR amplification was as follows: one cycle
of 94°C for 5 min; 35 cycles of 95°C for 0.5 min, 53 to 58°C (depending on the specific
primers) for 0.5 min and extension for 0.5 min; and a final extension at 72°C for 5 min.
Reaction products were mixed with one fifth volume of loading buffer (100 mM/L EDTA
pH 8.0,10 mM/L Tris-HCI pH 7.5, 5% Ficoll 400; 0.05% bromophenol, 0.05%
xylenecyanol) and 2 pL were loaded vertically, for electrophoresis 8% denaturing

polyacrylamide gels in 1 x TBE (90mM/LTris borate pH 8.3, 2 mM/L EDTA) at 50 mA
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for 2 to 3 h (Wang et al.2007). Gels were then silver stained and photographed using x-

ray viewer.

Figure 4. Amplification of polymerase chain reaction

3.17 Microsatellite/Simple Sequences Repeat (SSR) Markers

A total of 5 microsatellite (SSR) markers primer pairs (sigma Aldrich, Germany) covering
all 5 chromosomes were selected for the genetic diversity analysis of the 96 genotypes of
BWMRI as showed in the Table 3. These SSR primers with a distinct chromo some
numbers were used for final Polymerase chain reaction (PCR) amplification. The original
sources, repeat motifs, primer sequences, expected length and chromosomal position and
other relevant information to these markers is published on the Grain Genes website
(http://lwww.wheat.pw.usda.gov). The phenotypic characters, annealing temperature and
primer sequences to SSR markers are shown in Table 3.
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Table 3. SSR Markers used for diversity analysis of wheat germplasms

SSR Loci Forward primer (5'-3") Reverse primer (5'-3") Annealing temperature Phenotype
(degree
centigrade)

WMS0691 GGGAGGATATGAGGGCTCA| GCACGTGATTGGTGAAAATG 56 Stay green
C

ATCCGTAGCACCTACTGGTC| GGTCTGTTCATGCCACATTG 56 Dwarf gene
GWM513 A

Barc20 GCGATCCACACTTTGCCTCT |GCGATGTCGGTTTTCAGCCTTTT 58 Dwarf gene

TTACA
Tagwm1037 CTTCATCTGCGACCTTCCAT| CTTTATTCCTGGTTATTGCC 54 Stay green
GWM495 GAGAGCCTCGCGAAATATA TGCTTCTGGTGTTCCTTCG 56 Dwarf gene
GG
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3.18 Molecular Statistical Analysis

Polymorphism information content (P1C) will be calculated using the following formula:
PIC=1-Y (Pi)?
Note Pi depicts the proportion of samples carrying the ith allele.

The Euclidean distance coefficients were estimated for all pairs of entries using the
software 1 Euclidean distance matrix generated from seedling data was used as input data
for cluster analysis based on un-weighted pair-group method of arithmetic average
(UPGMA). A UPGMA dendrogram was created based on Euclidean genetic distances to

estimate the level of relatedness among the varieties.
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CHAPTER IV

RESULTS AND DISCUSSION

The experiment was conducted during the rabi season from November to February 2022-23.
From this experiment, the outcome of the results and discussion of this research were obtained
to analyze the variances, treatment association, variability, heritability, correlation of phenotypic
and genotypic condition, multi-trait genotype ideotype (MGIDI) analysis, diversity analysis and

principal component analysis morphologically and molecularly.

4.1 Mixed-model analysis
4.1.1 Likelihood ratio test and variance components

The statistical analysis using the likelihood ratio test demonstrated a significant impact of the
genotype on all the trait categories in the single-environment analysis and multi-environment
analysis. The statistical significance of the likelihood ratio for genotypes (LRTg) and the
likelihood ratio for the genotype and environment interaction (LRTge) were observed in
control and drought for all the morphological traits, except for the LRTg in the case of RL,
SDW, RSR, SFW and RDW. All physiological traits except the PC was non-significant for the
LRTg in multi-environment analysis (Table 4A & 4B).
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Table 4A. LRT for the genotypic effect showing the significance of traits in single

treatment analysis

VAR CONTROL DROUGHT
PH 119%*** 14.3%**
NTPP 200*** 96.4***
PC TT7%** 348***
RL 68*** 14.4%**
SDW B57*** 513***
RSR 313*** 149***
RWC 306*** 239***
ELWL 141%** 179***
SFW 311*** 241%**
RFW 175%** 193***
RDW 141%** 15%**
RV 171%** 186***

Here, *, ** and *** indicates significant at 5%, 1% and 0.1% level of probability, respectively, ELWL=
excise leaf water loss, NTPP= no. of tiller per plant, PC= proline content, PH= plant height, RDW=
relative water content, RFW= root fresh weight, RL= root length, RSR= root shoot ratio, RV= root
volume, RWC=relative water content, SDW=shoot dry weight, SFW= shoot fresh weight
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Table 4B. Likelihood ratio test (LRT) for the genotypic effect showing the significance

of traits in the genotype-environment interaction for multi-environmental trial analysis

VAR LRTg LRTge
PH 17%%* 107%**
NTPP 1.69* 2AT***
PC 0.955ns 826***
RL 9.09E-13ns 115%%*
SDW 2.36E-11ns 1.26e+3%**
RSR 0.0955ns 3447%*
RWC 4.40% 4667
ELWL 6.51%* 237***
SFW 6.82E-12ns 518%**
RFW 26.1%%* 209%**
RDW -5.97E-13ns 187%**
RV 39,47 170%**

Here, *, ** and *** indicates significant at 5%, 1% and 0.1% level of probability, respectively, ns=
non-significant; ELWL= excise leaf water loss, NTPP=no. of tiller per plant, PC= proline content, PH=
plant height, RDW= relative water content, RFW=root fresh weight, RL= root length, RSR= root shoot
ratio, RV= root volume, RWC=relative water content, SDW=shoot dry weight, SFW=shoot fresh
weight.
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4.1.2 Genetic parameter studies under control, drought & META

Table 5.1 presents the mixed-model analyses for the morpho-physiological traits evaluated in
the control and drought conditions. Mean heritability values ranged from 0.82 (RL) to 1.00 (PC
and SDW) in the control condition, and from 0.54 (RDW) to 0.99 (PC) in the drought condition.
Selective accuracies ranged from 0.90 (RL) to 1.00 (PC and SDW) in the control condition and
from 0.73 (RDW) to 0.99 (DH) in the drought condition.

Table 5.2 presents the mixed-model analyses for the morpho-physiological traits evaluated in
the META. Mean heritability values ranged from 0.03 (RL) to 0.72 (RV). Selective accuracies
ranged from 0.03 (RL) to 0.85 (RV). Machado et.al. (2023) also found the same results.
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Table 5.1 Genetic parameter for control and drought condition

Parameters PH NTPP PC RL

CON DRT CON DRT CON DRT CON | DRT

Gen_var 32 9.75 0.90 0.31 0.12 0.06 13.6 14.9
Gen (%) 83.6 72.6 93.1 78.9 100 98.5 70.5 72.7
Res_var 6.28 3.67 0.06 0.08 241E-5 | 1.01E-3 | 5.71 5.61
Res (%0) 16.4 27.4 6.87 21.1 0.019 1.49 29.5 27.3
Phen_var 38.3 13.4 0.97 0.39 0.12 0.067 19.3 20.5
H? 0.83 0.72 0.93 0.78 1.00 0.98 0.70 | 0.72
H2mg 0.91 0.84 0.96 0.88 1.00 0.99 082 | 084
Accuracy 0.95 0.91 0.98 0.93 1.00 0.99 0.90 0.91
CVg (%) 838 | 851 | 228 | 188 59.2 104 | 128 | 14
CVr (%) 3.71 5.22 6.19 9.70 0.82 1.28 8.28 8.59
CV ratio 2.26 1.63 3.68 1.93 71.7 8.13 1.55 1.63

Here, PH= plant height, PC= proline content, RL=root length. CON= control, DRT=drought, Gen var

= genotypic variance, Gen (%) =genotypic percentage, phenvar = phenotypic variance, H2=heritability,

CVg =genotypic co-efficient covariance
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Table 5.1 Genetic parameter for control and drought (contd.)

Parameters SDW RSR RWC ELWL

CON DRT CON DRT | CON | DRT | CON DRT

Gen_var 28.4 0.33 0.041 0.038 105 | 47.3 | 0.058 0.11

Gen (%) 99.9 99.7 97.9 88.2 97.7 | 95.4 87.2 91.4

Res.var | 0018 | 9.5E-5 | 8.95E-5 | 5.18E-3 | 249 | 2.27 | 8.66E-4 | 0.010

0,
Res (%) | 0065 | 0.28 2.14 118 | 231 | 458 | 128 | 855

Phen_var 28.4 0.33 0.04 0.044 108 | 49.6 0.06 0.12

2

H 099 | 0.99 0.97 088 | 097 | 095 | 087 | 0091
2

Hmg 1.00 | 0.99 0.98 093 | 098 | 097 | 093 | 095
Accuracy

1.00 0.99 0.99 0.96 0.99 | 0.98 0.96 0.97

CVg (%) 40.7 37.7 63.6 48.9 148 | 18.7 4.68 10.8

CVr (%) 1.04 2.00 9.41 17.9 2.28 | 4.09 1.79 3.29

Here, ELWL= excise leaf water loss, RSR= root shoot ratio, RVV= root volume, RWC=relative water
content, SDW=shoot dry weight, CON= control, DRT=drought
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Table 5.1 Genetic parameter for control and drought (contd.)

Parameters SFW RFW RDW RV
CON | DRT | CON | DRT | CON | DRT | CON | DRT
Gen_var 310 163 135 | 0.64 0.27 0.01 | 021 | 0.086
Gen (%) 97.8 95.5 91.1 | 926 87.2 375 | 907 92
Res_var 6.93 7.69 0.13 | 0.05 0.04 | 0.024 | 0.021 |0.00751
Res (%) 2.19 | 450 8.91 7.41 12.8 625 | 935 | 7.96
Phen_var 317 171 1.48 0.69 031 | 0.039 | 0.23 | 0.094
H?2 0.97 0.95 091 | 0.92 0.87 0.37 | 090 | 092
H2mg 098 | 0.97 095 | 0.96 0.93 054 | 095 | 0.95
Accuracy 0.99 | 0.98 0.97 | 0.98 0.96 0.73 | 097 | 097
CVg (%) 20.2 23.4 30.7 | 467 29.4 231 | 325 | 378
CVr (%) 3.01 5.09 9.61 13.2 11.3 29.9 | 10.4 11.1

Here, RDW-=root dry weight, RFW= root fresh weight, RV= root volume, RWC=relative water

content, SFW=shoot fresh weight., CON= control, DRT=drought
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Table 5.2 Genetic parameter for META

Parameters PH NTPP PC RL SDW RSR RWC | ELWL | SFW | RFW RDW RV

Phenotypic 25.9 0.68 0.096 19.9 14.4 0.042 78.7 0.094 244 1.09 0.17 0.16
variance

Heritability 0.35 0.12 0.097 0.03 1.21E-14 0.03 0.20 0.24 0.04 0.46 | 7.48E-15| 0.54
GEIr2 0.44 0.76 0.89 0.71 0.99 0.89 0.76 0.66 0.97 0.45 0.81 0.36
H°mg 0.56 0.23 0.17 0.03 2.42E-14 0.06 0.34 0.40 0.04 0.65 | 1.65E-14 | 0.72
Accuracy 0.75 0.48 0.42 0.03 1.56E-7 0.24 0.58 0.63 0.04 0.80 | 1.28E-7 | 0.85
rge 0.7 0.87 0.99 0.71 0.99 0.92 0.96 0.86 097 | 084 0.81 0.802
CVg (%) 5.85 8.11 6.28 0.02 5. 7E-7 9.95 7.58 3.63 0.04 25.8 | 3.15E-6 | 27.3

CVr (%) 4.28 7.67 1.48 8.43 1.35 15.3 291 2.36 3.81 11 15.6 11
CV ratio 1.37 1.06 4.26 0.00 4.21E-6 0.65 2.61 1.54 0.00 2.34 | 2.02E-7 | 2.47

Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length, SDW= shoot dry weight, RSR= root shoot ratio , RWC= relative
water content , ELWL= excise leaf water loss ,SFW= shoot fresh weight , RFW= root fresh weight , RDW= root dry weight ,RV=root volume, CON= control,

DRT=drought, Gen var = genotypic variance, Gen(%)=genotypic percentage, , h’=heritability, CVg =genotypic co-efficient covariance
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4.1.3 Overall Performance of 100 Wheat Genotypes at 12 Morpho-Physiological Traits

In the two environments, the average deviation for PH, NTPP, RFW, RL, RWC and RFW at
drought condition was relatively low compared with control condition (Table 6). However, for
other traits, average deviation appeared higher under drought condition, indicating a higher
genotypic response under the drought condition; hence, the higher scope of genotype selection
for those traits. The opposite was noted for other traits, suggesting that genotypic responses
differed either due to genotypic effects or environmental variations. Variations in both the

overall performance and variance components were detected among the different trait groups.

By analyzing the overall performance of 100 genotypes through 12 different morpho-
physiological traits under two different environments or treatment, it was found variance
among 100 genotypes (Table 7 & 8). The max mean value of Plant height (PH) had shown by
GEN-1 (11SATYN-9406) for control condition and GEN-58 (BAW-1429 PYT-7) for drought
condition. On the other hand, the min value of PH was found by GEN-78 for control which
showed max mean value for No. of tiller per plant (NTPP) in drought condition. For control
condition, GEN-58 (BAW-1429 PYT-7) was performed lower in root length (RL) but it was
higher in plant height (PH) at drought condition. GEN-51 (BAW-1407 AYT-7) had shown
maximum root length (RL) in control condition but lower in drought condition. GEN-90
(SABGPYT-5094) was lower in root shoot ratio (RSR) at control condition and root length
(RL) at drought condition. The higher value of proline content (PC), Root length (RL), shoot
dry weight (SDW), root shoot ratio (RSR), relative water content (RWC), shoot fresh weight
(SFW), root fresh weight (RFW), root dry weight (RDW) and root volume (RV) was recorded
by GEN-39 (BARIGOM-32), GEN-13 (1HZWYT-421 RAJ), GEN-85 (SABGPYT-4079),
GEN-59 (BAW-1430 PYT-8), GEN-36 (BARIGOM-28), GEN-68 (Jamal-10038), GEN-71
(Jamal-10105), GEN-6 (11SATYN-9426) and GEN-63 (Jamal-10024) respectively at drought
condition(Table 8).

Histogram showed the observed value of 12 morpho-physiological traits under both of control
and drought condition (Figure 10& Figure 11). For plant height maximum genotypes had found
under the range of 60 to 70cm in control condition (Figurel0) and 32-40cm in drought
condition (Figure 11). For no. of tiller per plant maximum genotypes were under the range of
3 to 5 in control but 2-3 in drought condition. Maximum genotypes for proline content were
from 0.2 to 0.6 in control condition and from 2.0 to 2.5 in drought condition. For shoot dry

weight (SDW), maximum genotypes were in 10-15gm at control condition and in 1-2gm at
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drought condition. Again, for root length (RL) the range was 20-30cm at control and 25-35cm
at drought condition. The range for root shoot ratio (RSR), relative water content (RWC),
excise leaf water loss (ELWL), shoot fresh weight (SFW), root fresh weight (RFW), root dry
weight (RDW) and root volume (RV) were 0.25-0.50, 60-80, 5.1-5.4, 70-90gm, 2.5-5.0gm, 1-
2gm and 1-1.5 respectively at control condition and 0.1-0.5, 30-40, 2.5-3.5, 40-60gm, 1-2gm,
0.1-0.5gm and 0.5-1 respectively (Figure 10& Figure 11).

45



Table6. The statistical measures for the traits observed in control and drought condition:

mean (X), confidence interval of mean (ClI), and average deviation (AD)

AD ci.t X

Variable CON DRT CON DRT CON DRT
ELWL 0.2 0.45 0.03 0.04 5.19 3.09
NTPP 0.76 0.21 0.13 0.08 4.18 2.98
PC 0.26 2.80 0.04 0.03 0.595 2.49
PH 5.06 0.12 0.86 0.51 67.5 36.7
RDW 0.40 0.55 0.07 0.02 1.77 0.524
RFW 0.93 3.53 0.16 0.11 3.78 1.72
RL 3.42 0.164 0.61 0.63 28.9 27.6
RSR 0.16 0.232 0.02 0.03 0.31 0.403
RV 0.34 5.26 0.06 0.04 141 0.78
RWC 8.39 0.45 144 0.98 69.3 36.8
SDW 4.07 10.5 0.74 0.08 13.1 154
SFW 13.6 0.282 2.48 1.82 87.4 54.5

Here, ELWL= excise leaf water loss, NTPP= no. of tiller per plant, PC= proline content, PH= plant
height, RDW= relative water content, RFW=root fresh weight, RL=root length, RSR=root shoot ratio,
RV= root volume, RWC=relative water content, SDW=shoot dry weight, SFW= shoot fresh weight.,
CON= control, DRT=drought.
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Table 7. Performance of the 100 Wheat Genotypes under Control Conditions

Parameters | PH NTPP PC RL | SDW | RSR RWC | ELWL | SFW | RFW | RDW | RV
Ngen 100 100 100 100 | 100 100 100 100 100 100 100 100
OVmean | 67.51 417 059 | 28.85 | 13.09 | 0.31 69.30 5.18 87.37 377 | 177 | 141
MIinGEN | 53 (G- | 1.33(G- | 0.05(G- | 215 | 535 | 4e-04 | 46.84 (G- | 4.48(G- | 37.48 (G- | 1.53(G- | 094 | 0.75
78) 40) 74) | (G-58) | (G-20) | (G-90) 8) 4) 37) 35) | (G-67) | (G-88)
MaxGEN | 84.08 | 75(G- | 1.90(G- | 445 | 28.46 | 0.92(G- | 94.50 (G- | 558(G- | 129.03 | 8.42(G- | 3.83 | 3.46
(G-1) 80) 12) | (G51) | (G-8) | 9) 51) 74) (G-17) 69) | (G-64) | (G-64)

Here, ELWL= excise leaf water loss, NTPP= no. of tiller per plant, PC= proline content, PH= plant height, RDW-= relative water content, RFW= root fresh weight , RL= root length, RSR= root
shoot ratio, RV= root volume , RWC=relative water content , SDW=shoot dry weight , SFW= shoot fresh weight., Ngen= no. of total genotypes, OVmean= overall mean, MinGen= minimum

genotype occupied by the particular trait, MaxGen= maximum genotype occupied by the particular trait.( G indicates genotypes mentioned at table 1.)
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Table 8. Performance of the 100 Wheat Genotypes under Drought Conditions

Parameters |PH | NTPP | PC RL |SDW |RSR RWC |ELWL |SFW |RFW |RDW |RV
Ngen 100 | 100 100 100 | 100 | 100 100 100 100 100 100 100
OVmean 36.69 | 297 |248 |2756 |153 |0.403 36.81 | 3.08 5448 | 1.72 052 | 0.77
2483 |1.33 |158 |17.25 |0.049 |0.021(G- |24.03 |229 (G-|31.05 |055 (G-|0.23(G-|0.24 (G-
MiInGEN (G-90) | (G-76) | (G-68) | (G-51) | (G-90) | 78) (G-39) | 20) (G-78) | 40) 77) 89)
46 (G- |6.33 |296 |40.25 |3.04 7081 | 3.86(G- |86.30 |5.68(G- |1.316 |205 (G-
MaxGEN 58) | (G-78) |(G-39) | (G-13) | (G-85) | 1.20(G-59) | (G-36) |5) (G-68) | 71) (G-6) | 63)

Here, ELWL= excise leaf water loss, NTPP= no. of tiller per plant, PC= proline content, PH= plant height, RDW-= relative water content, RFW= root fresh weight , RL= root length, RSR= root
shoot ratio, RV= root volume , RWC=relative water content , SDW=shoot dry weight , SFW= shoot fresh weight., Ngen=no. of total genotypes, OVmean= overall mean, MinGen= minimum

genotype occupied by the particular trait, MaxGen= maximum genotype occupied by the particular trait.( G indicates genotypes mentioned at table 1.)
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Figure4. Histogram of observed value different morphological traits among genotypes in control condition
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4.1.4 BLUPg (Best Linear Unbiased Prediction for Genotype Effect)

Table shows best linear unbiased prediction for genotypic effect for 12 morphological traits
among 100 wheat genotypes at control, drought and multi-environment trial analysis (META)
respectively. The range of blupg value for plant height was 54.3-82.6 for control condition,
26.7-44.5 at drought condition and 46.9-59.2 at META. The range of blupg value for no. of
tiller per plant was 1.44-7.38 at control condition, 1.53-5.93 at drought and 3.16-4.02 at META.
Again, the blupg value range for proline content was 0.05-1.91 at control condition, 1.59-2.96
at drought condition and 1.44-1.69 at META respectively. For root length the range was 22.8-
41.8 at control, 18.9-38.2s at drought and 22.5-28.2 at META. For shoot dry weight, the range
was 5.35-28.5 at control, 0.05-3.04 at drought condition and 3.31-15.3 at META. For control
condition, the range of blupg value for root shoot ratio, relative water content, excise leaf water
loss, shoot fresh weight, root fresh weight, root dry weight and root volume were 0.003-0.092,
47.1-94.2, 4.53-5.56, 38-129, 1.64-8.20, 1.01-3.69 and 0.78-3.37 respectively. On the other
hand, for drought condition the range of blupg value for root shoot ratio, relative water content,
excise leaf water loss, shoot fresh weight, root fresh weight, root dry weight and root volume
were 0.04-1.16, 24.3-70, 2.33-3.83, 31.6-85.6, 0.60-5.53, 0.36-0.96 and 0.26-2.00 respectively.
And for META, the range of blupg value for root shoot ratio, relative water content, excise leaf
water loss, shoot fresh weight, root fresh weight, root dry weight and root volume were 0.34-
0.39, 48.1-62.1, 3.94-4.37, 39.3-70.5, 1.90-5.49, 0.74-1.15 and 0.70-2.26 respectively. The
maximum blupg value at control condition were occupied by GEN-1 (for PH), GEN-80 (for
NTPP), GEN-12 (for PC), GEN-51 (for RL), GEN-8 (for SDW), GEN-9 (for RSR), GEN-51
(for RWC), GEN-74 (for ELWL), GEN-17 (for SFW), GEN-69 (for RFW), GEN-64 (for RDW
& RV) respectively. Again, the minimum blupg value at control condition were occupied by
GEN-78 (for PH), GEN-40 (for NTPP), GEN-74 (for PC), GEN-58 (for RL), GEN-20 (for
SDW), GEN-90 (for RSR), GEN-8 (for RWC), GEN-4 (for ELWL), GEN-70 (for SFW), GEN-
35 (for RFW), GEN-67 (for RDW) & GEN-88 (RV) respectively. The maximum blupg value
at drought condition were occupied by GEN-57 (for PH), GEN-77 (for NTPP), GEN-37 (for
PC), GEN-12 (for RL), GEN-84 (for SDW), GEN-58 (for RSR), GEN-35 (for RWC), GEN-4
(for ELWL), GEN-67 (for SFW), GEN-70 (for RFW), GEN-5 (for RDW) & GEN-62 (for RV)
respectively. Again, the minimum blupg value at drought condition were occupied by GEN-
100 (for PH), GEN-100 (for NTPP), GEN-67 (for PC), GEN-58 (for RL), GEN-89 (for SDW),
GEN-77 (for RSR), GEN-38 (for RWC), GEN-19 (for ELWL), GEN-77 (for SFW), GEN-39
(for RFW), GEN-76 (for RDW) & GEN-88 (RV) respectively. The maximum blupg value at

51



META were occupied by GEN-1 (for PH), GEN-80 (for NTPP), GEN-96 (for PC), GEN-12
(for RL), GEN-8 (for SDW), GEN-59 (for RSR), GEN-36 (for RWC), GEN-5 (for ELWL),
GEN-67 (for SFW), GEN-69 (for RFW), GEN-63 (for RDW) & GEN-63 (for RV) respectively.
Again, the minimum blupg value at META were occupied by GEN-90 (for PH), GEN-40 (for
NTPP), GEN-68 (for PC), GEN-100 (for RL), GEN-20 (for SDW), GEN-24 (for RSR), GEN-
40 (for RWC), GEN-4 (for ELWL), GEN-100 (for SFW), GEN-35 (for RFW), GEN-36 (for
RDW) & GEN-89 (RV) respectively.
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Table 9. Blupg(Best unbiased linear predicted genotype) value observed by 100 genotypes through 12 morphological traits

VALUE TRT PH NTPP PC RL SDW | RSR RWC | ELWL | SFW | RFW | RDW RV

MAX CON 84.1 7.50 191 | 445 28.5 0.92 94.5 5.59 129 8.42 3.83 3.47
G-1 G-80 G-12 | G-51 G-8 G-9 G-51 G-4 G-17 | G-69 G-64 | G-64
DRT 46 2.96 296 | 40.3 3.04 1.21 70.4 3.87 86.3 5.68 1.32 2.05
G-58 | G-39 G-39 | G-13 | G-8 | G-59 G-36 G-5 G-68 | G-71 G-6 G-63
META | 645 5.50 267 | 37.7 15.3 0.91 79.2 4.71 94.5 6.97 2.19 2.70
G-1 G-80 G-12 | G-16 G-8 G-59 G-36 G-5 G-74 | G-69 G-63 | G-63

MIN CON 53 1.34 005 | 215 5.35 0.003 46.8 4.48 37.5 1.54 0.95 0.75
G-78 | G-40 G-74 | G-58 | G-20 | G-90 G-8 G-5 G-38 | G-35 | G-67 | G-88
DRT 24.8 1.59 1.59 17.3 0.04 0.02 24 2.30 311 0.55 0.23 0.24

G-90 | G-68 G-68 | G-59 | G-90 | G-78 G-39 G-20 G-78 | G-40 | G-77 | G-89
META | 429 1.75 098 | 225 3.31 0.13 38.7 3.64 39.3 1.44 0.74 0.56
G-90 | G-40 G-68 | G-76 | G-20 | G-78 G-40 G-100 | G-98 | G-35 | G-36 | G-89

Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length, SDW= shoot dry weight, RSR= root shoot ratio, RWC= relative water content, ELWL= excise leaf
water loss ,SFW= shoot fresh weight , RFW= root fresh weight , RDW= root dry weight, and RV= root volume, CON= control, DRT=drought, META= Multi-Environmental Trial Analysis.
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4.2 Estimation of correlation coefficient of twelve characters

The simple correlation coefficient among twelve important characters viz. plant height
(cm), no. of tiller per plant, proline content, root length(cm), shoot dry weight(g), root shoot
ratio, relative water content, excise leaf water loss, shoot fresh weight(g) ,root fresh
weight(g), root dry weight(g),root volume were analyzed for 100 wheat genotypes. The
correlated characters and the values of the correlation coefficient on control condition and

drought stress are presented in Figure 6.

In control condition, Plant height has a significant positive association with root shoot ratio
and no. of tiller per plant, proline content, root length, excise leaf water loss, root fresh
weight, root dry weight, root volume have a significant negative association. In drought
conditions, root length, shoot dry weight has positive correlation with plant height and
shoot fresh weight has a significant negative association. In case of no. of tiller per plant
in control condition has significant positive association with root fresh weight and root dry
weight. Proline content has a significant negative correlation with excise leaf water loss
and root dry weight in control condition. Root length has a significant negative correlation
with root volume in control condition. On the other hand, in drought condition, significant
positive associations with shoot dry weight. In control and drought condition, root shoot
ratio and relative water content has negative correlation with shoot dry weight and positive
correlation with excise leaf water loss drought condition. Root shoot ratio has no
significance in control and drought condition. Relative water content has significant
negative association with root volume in control condition. Excise leaf water loss has a
positive correlation with root volume in control condition and significant negative
association with shoot fresh weight and root fresh weight in drought condition. In control
and drought condition, root volume and root fresh weight have a significant positive
correlation with shoot fresh weight. Root fresh weight has a significant positive correlation
with root dry weight in control and significant negative correlation with root volume in
drought condition. In control condition, root volume has a significant positive association
with root dry weight. Ul-Allah et al. (2014) conducted an experiment and their findings
related to current study in term of that shoot length is negatively correlated with root

length.
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Figure 6: Correlations among 12 different characters of wheat under control condition and drought conditions
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4.3Multivariate Analysis

Multivariate analysis or clustering refers is the task of grouping a set of objects in such a
way that the objects in the same group (called cluster) are more similar (in some sense) to

each other than to those in other groups (clusters).
4.3.1 Cluster Analysis under drought condition

Cluster analysis was performed with the relative mean values of each genotype. The
standardized mean of 100 wheat genotypes were employed and an UPGMA dendrogram
was constructed using these values (Figure 7). In this dendrogram, 100 wheat genotypes
were grouped into six clusters. Maximum 34 genotypes were occupied in cluster VI
followed by 20, 19, 13, 11 and 3 genotypes in cluster I, 111, IV, V and Il respectively (Table
10). The highest inter-cluster distance (7.58) was found among cluster Il & IV which
indicates higher diversity among them.

Among the six clusters, Cluster VI consisted of the largest number of genotypes. The
cluster had a very high mean value only for shoot fresh weight. The cluster had the second
largest (high) mean in plant height and relative water content. The cluster had moderate
mean values for root length and shoot dry weight. The majority of the genotypes in this
cluster showed lowest performance in most of the traits viz., no. of tiller of plant, proline
content, root shoot ratio, excise leaf water loss, root fresh weight, root dry weight and root
volume (Table 11).

Cluster I consisted of 20 genotypes. The cluster had the highest cluster mean plant height,
second largest (high) mean value for relative water content, and root length. The moderate
cluster mean values for shoot dry weight. Cluster I showed the lowest cluster mean values
for most of the traits viz., no. of tiller of plant, proline content, root shoot ratio, excise leaf

water loss, root fresh weight, root dry weight and root volume.

Cluster 111 showed the highest cluster means for shoot fresh weight. The cluster showed
the second-largest mean values for plant height and relative water content. The cluster
showed moderate cluster values for root length and shoot dry weight. The cluster showed
the lowest cluster mean values for no. of tiller of plant, proline content, root shoot ratio,

excise leaf water loss, root fresh weight, root dry weight and root volume.
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Cluster number IV had a very high mean value for relative water content and shoots fresh
weight. The cluster had the second largest (high) mean in plant height and root length. The
cluster had moderate mean values for shoot dry weight. The majority of the genotypes in
this cluster showed lowest performance in most of the traits viz., no. of tiller of plant,
proline content, root shoot ratio, excise leaf water loss, root fresh weight, root dry weight

and root volume.

Cluster number V had a very high mean value only for shoot fresh weight. The cluster had
the second largest (high) mean in plant height and relative water content. The cluster had
moderate mean values for root length and shoot dry weight. The majority of the genotypes
in this cluster showed lowest performance in most of the traits viz., no. of tiller of plant,
proline content, root shoot ratio, excise leaf water loss, root fresh weight, root dry weight

and root volume.

Cluster number Il includes only three genotypes. Cluster number 11 had a very high mean
value only for shoot fresh weight. The cluster had the second largest (high) mean in plant
height, relative water content. The cluster had moderate mean values for root length and
shoot dry weight. The majority of the genotypes in this cluster showed lowest performance
in most of the traits viz., no. of tiller of plant, proline content, root shoot ratio, excise leaf

water loss, root fresh weight, root dry weight and root volume.

Dendrogram showed that within the cluster VI had the most diversity. Variation among
them may be the result of the differences in their origin. Minimum genetic diversity is
present between Cluster Il, I11, 1V and Cluster V which had better characters contributing

to drought tolerance.

Considering all the characters it appeared that the genotypes in the cluster 11, IV and Il
had superior performance. The genotypes in this cluster had relatively higher plant height,
higher no. of tiller per plant, higher shoot dry weight, root dry weight, relative water
content, root length and root volume. These findings were in accordance with Asraf et al.
(2022) and Javed et al. (2022).
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Figure7. Dendrogram from UPGMA clustering for 100wheat genotypes using Euclidean genetic distance based on twelve morphological

characters
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Table 10. Distribution of 100 Wheat in six different clusters in drought condition

Cluster | Number  of Genotypes in different clusters
genotypes

I 20 11SATYN-9412, 11SATYN-9416, 11SATYN-9425, 11SATYN-9426, 11SATYN-9428, 1HZWYT-421 RAJ, 1HZWYT-422
RAJ, 1HZWYT-425, 1HZWYT-430 RAJ, 1HZWYT-439 RAJ, 1HZWYT-448 RAJ,IHZWYT-449 RAJ, 29SAWYT-305,
29SAWYT-313, BARIGOM-33, BAW-1243, BAW-1397, BAW-1401 CVD-12, BAW-1427 PYT-5, Jamal-10032

I 3 Jamal-10059, Jamal-10105, SABGPYT-5094

Il 19 29SAWYT-3 RAJ, BAW-1403, Jamal-10010, Jamal-10028, Jamal-10029, Jamal-10038, Jamal-9006, Jamal-9015, Jamal-9030,
Jamal-9046, SABGPYT-1041, SABGPYT-4053, SABGPYT-4057, SABGPYT-4075, SABGPYT-4079, SABGPYT-4104,
SABGPYT-5082, SABGPYT-7056, SABGPYT-8011

v 13 IHZWYT-427, IHZWYT-433, 1IHZWYT-434, BARIGOM-27, BARIGOM-28, BAW-1411 AYT-7, Jamal-10008, Jamal-10020,
Jamal-10024, Jamal-10026, Jamal-9048, SABGPYT-8082, WMRIGOM-2

V 11 11SATYN-9406, 11SATYN-9417, 1IHZWYT-446, BAW-1407 AYT-7, BAW-1425 AYT-11, BAW-1426 PYT-4, BAW-1429
PYT-7, BAW-1430 PYT-8, Jamal-9033, SABGPYT-5050, WMRIGOM-3

Vi 34 11SATYN-9437, IHZWYT-410, IHZWYT-412, IHZWYT-417, IHZWYT-418, 1IHZWYT-423, IHZWYT-428, IHZWYT-437

RAJ, IHZWYT-444, 29SAWYT-11 RAJ, 29SAWYT-312, 29SAWYT-319, BARIGOM-25, BARIGOM-30, BARIGOM-31,
BARIGOM-32, BAW-1286 CVD-4, BAW-1322 CVD-6, BAW-1340 CVD-7, BAW-1390, BAW-1394 CVD-9, BAW-1399,
BAW-1408 AYT-8, BAW-1422 AYT-10, Jamal-10089, Jamal-9007, SABGPYT-4055, SABGPYT-4056, SABGPYT-4110,
SABGPYT-6006, SABGPYT-6016, SABGPYT-7055, WMRIGOM-1, WMRIGOM-4
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Table 11: Cluster means for 12 different characters of 100 genotypes at drought

condition
Characters Cluster mean
I ] Il v V Vi
PH 38.06 34.66 (L) 35.01 36.59 38.79 (H) 36.36
NTPP 2.92 3.27 3.02 3.34(H) | 250 (L) 2.96
PC 2.36 279 (H) | 2.33(L) 2.50 2.39 2.64
RL 32.91 (H) 24.41 27.10 28.64 22.44 (L) 26.20
SDW 17.92 (H) 13.84 15.06 15.99 12.47 (L) 14.58
RSR 0.32 (L) 0.45 0.53 (H) 0.42 0.49 0.33
RWC 35.55 43.57 33.72 (L) | 44.52 (H) 37.32 35.58
ELWL | 3.31(H) | 2.58(L) 2.91 2.86 2.89 3.24
SFW 15.8(L) | 82.07(H) | 65.91 44.74 48.60 53.21
RFW 0.59 (L) | 5.08 (H) 2.15 1.43 1.51 1.44
RDW 0.67 (H) 0.46 0.45 0.44 (L) 0.55 0.54
RV 0.67 0.60 (L) 0.72 1.15 (H) 0.61 0.79

Table 12 Intra (bold) and inter-cluster distance of 6 clusters of 100 genotypes

Inter-cluster 1 2 3 4 5 6
distance
1 2.67 7.71 5.00 5.39 5.52 4.42
2 7.71 2.82 6.23 7.58 7.17 6.84
3 5.00 6.23 2.83 5.37 4.86 4.38
4 5.39 7.58 5.37 3.36 5.67 4.88
5 5.52 7.17 4.86 5.67 2.80 4.44
6 4.42 6.84 4.38 4.88 4.44 2.37
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4.4 Multi-trait Genotype-Ildiotype Distance Index (MGIDI), genotype selection, and

trait adaptation
4.4.1 Principal Component Analysis (PCA)

By analyzing the eigen values and cumulative frequency for the principal components
obtained by the genetic correlation matrix, the first five main components presented
eigenvalues with values > 1 (Table 16). Thus, according to Kaiser’s criterion
(Kaiser,1958), the data may be dimensionally reduced in five factors. The cumulative
variance for the first five principal components accounted for ~61% of all genetic

variability present in the dataset.
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Table 13. Eigen value estimates by principal components analysis and the proportion

of variance explained by them

PC Eigen values Variance (%) Cum. variance
(%)
PC1 1.99 16.6 16.6
PC2 1.64 13.7 30.2
PC3 1.36 11.4 41.6
PC4 1.24 10.3 51.9
PC5 1.07 8.89 60.8
PC6 0.98 8.19 69.0
PC7 0.9 7.48 76.5
PC8 0.78 6.52 83.0
PC9 0.67 5.6 88.6
PC10 0.57 4.77 934
PC11 0.48 3.96 97.3
PC12 0.32 2.67 100

Here, PC = Principal component
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4.4.2 Factor Analysis

For control condition, the 12 traits were grouped into the five factors (FA) with the
Comunalit Mean: 0.60 as follows (Table 13.1): The traits No. of tiller per plant
(NTPP)&Root fresh weight (RFW) were constituted the first factor FA1 while the traits
Shoot fresh weight (SFW), Root dry weight (RDW)&Root volume (RV) constituted the
second factor FA2; In FA3, Root length (RL)&EXxcise leaf water loss (ELWL) were found.
The Plant height (PH), Proline content (PC)&Root shoot ratio (RSR) were in FA4 while
Shoot dry weight (SDW)&Relative water content (RWC) were constituted FA5. On the
other hand, for drought condition, the 12 traits were grouped into the four factors (FA)
with the Comunalit Mean: 0.49 as follows (Table 14.1): The traits Shoot dry weight
(SDW), Root shoot ratio (RSR) & Relative water content (RWC) were constituted the first
factor FA1 while the traits SFW & RFW constituted the second factor FA2; In FA3, No.
of tiller per plant (NTPP), Excise leaf water loss (ELWL)&Root dry weight (RDW) were
found. The Plant height (PH), Proline content (PC), Root length (RL)&Root volume (RV)
were constituted in FA4.Loadings resulting from an orthogonal rotation range from — to +
1 and are the correlation coefficients between each trait and the factor. In most cases,
closely related traits were grouped with in the same factor (Table 12.1 & 13.1). The
average communalities obtained in the selection factors revealed that the factors explained

a high proportion of the total variation observed.

The MGIDI provided desired selection differentials (SD) 12 studied traits (Table 13.2 &
14.2). The selection differentials ranged from -10.2% (RSR) to 54.0% (RDW) (Table
12.2). On the other hand, the selection differentials ranged from -27.0% (RV) to 26.9%
(RFW) (Table 14.2). Table13.2 presents the predicted mean genotypic values and the gains
from selection considering the control condition. ELWL, PH, PC, RSR and RWC showed
negative gains, and NTPP, RFW, RDW, RL, RV, SFW and SDW showed positive gain.
Table 14.2 presents the predicted mean genotypic values and the gains from selection
considering the drought conditions, SFW, RDW, PC & RV showed negative gains, and
SDW, RWC, RFW, NTPP, ELWL, PH & RL showed positive gain. Due to increasing

mean value the positive gain achieved through the selected genotypes.
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Table 14.1 Explained variance, factorial loadings after varimax rotation, and

communalities obtained in the factor analysis considering control condition

VAR FAl FA2 FA3 FA4 FA5 | Communality | Uniquenesses
PH 039 | -0.06 | 0.08 -0.6 0.22 0.58 0.42
NTPP -0.8 0.02 -0.08 0.15 -0.06 0.67 0.33
PC 0.29 0.12 -0.48 0.49 -0.01 0.57 0.43
RL -0.08 | -0.16 | -0.47 0.07 -0.11 0.27 0.73
SDW -0.14 | -0.08 | -0.17 0.04 0.87 0.8 0.2
RSR -0.03 | -0.17 | -0.17 | -0.73 | -0.27 0.63 0.37
RWC -0.23 | -0.27 | -0.23 | -0.07 | -0.54 0.47 0.53
ELWL 0.06 0.08 0.76 0.14 -0.12 0.62 0.38
SFW 0.15 0.61 -0.45 -0.2 0.07 0.64 0.36
RFW | -0.81 | 0.06 | -0.01 | -0.08 | 0.06 0.67 0.33
RDW -0.42 0.65 0.22 0.03 0.03 0.65 0.35
RV -0.02 0.81 0.23 0.12 0.01 0.72 0.28

*Comunalit Mean: 0.60. Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length,
SDW-=shoot dry weight, RSR= root shoot ratio, RWC= relative water content , ELWL= excise leaf water loss ,SFW=
shoot fresh weight , RFW= root fresh weight , RDW= root dry weight ,RV= root volume,
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Table 14.2 Predicted genetic gains of the selected genotypes through multi-trait

genotype-ideotype distance index considering control condition

VAR | FACTOR | XO Xs SD SDprc h2 SG SGprc
NTPP FA1 4.18 4.95 0.77 18.5 0.96 0.74 17.8
RFW FAl 3.78 | 4.73 0.95 25.4 0.95 0.91 24.2
SFW FA2 8.4 98.7 11.3 12.9 0.98 11.2 12.8
RDW FA2 1.77 | 2.73 0.95 54.0 0.93 0.89 50.3

RV FA2 1.41 | 2.08 0.66 47.4 0.95 0.63 45.1
RL FA3 28.9 29.5 0.66 2.29 0.82 0.54 1.89
ELWL FA3 5.19 5.08 -0.10 -1.95 093 | -0.094 | -1.81
PH FA4 67.5 65.1 -2.46 -3.64 0.91 -2.24 -3.31
PC FA4 0.59 054 | -0.052 | -8.76 1.0 -0.052 | -8.76

RSR FA4 0.31 0.28 | -0.032 | -10.2 098 | -0.032 | -10.1
SDW FAS5 13.1 15.0 1.91 14.6 1.00 1.91 14.6
RWC FAS5 69.3 69.2 -0.11 -0.17 0.98 -0.11 -0.17

Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length, SDW= shoot dry weight,
RSR=root shoot ratio, RWC= relative water content , ELWL= excise leaf water loss ,SFW= shoot fresh weight , RFW=
root fresh weight , RDW= root dry weight , RV= root volume. X0 = the original population mean, Xs = the mean of
selected genotypes, SD= selection differential, SDperc= selection differential in percentage, SG= selection gain,
SGperc= selection gain in percentage.
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Table 15.1 Explained variance, factorial loadings after varimax rotation, and

communalities obtained in the factor analysis considering drought condition

VAR FAl FA2 FA3 FA4 Communality | Uniquenesses
PH 0.19 -0.3 -0.14 0.44 0.34 0.66
NTPP 0.26 0.01 0.71 0.09 0.59 0.41
PC 0.1 -0.05 0 -0.67 0.4 0.53
RL 0.34 -0.12 -0.1 0.55 0.44 0.56
SDW 0.81 -0.01 0.03 0.14 0.67 0.33
RSR -0.61 0.11 -0.2 -0.12 0.44 0.56
RWC -0.48 -0.33 0.47 0.04 0.57 0.43
ELWL 0.28 -0.2 -0.46 0.17 0.36 0.64
SFW 0.04 0.87 -0.05 -0.01 0.75 0.25
RFW -0.13 0.73 0.33 0.12 0.67 0.33
RDW -0.06 -0.09 -0.52 0.06 0.29 0.71
RV 0.1 -0.23 -0.06 -0.5 0.31 0.69

*Comunalit Mean: 0.49. Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length,
SDW-= shoot dry weight, RSR= root shoot ratio, RWC= relative water content , ELWL= excise leaf water loss ,SFW=
shoot fresh weight , RFW= root fresh weight , RDW= root dry weight ,RV= root volume,
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Table 15.2 Predicted genetic gains of the selected genotypes through multi-trait

genotype-ideotype distance index considering drought condition

VAR | FACTOR | XO Xs SD SDprc h2 SG SGprc
SDW FAl 1.54 1.70 0.16 10.8 0.99 0.16 10.8

RSR FAl 0.40 037 | -0.02 | -6.53 093 | -0.024 | -6.12
RWC FAl 36.8 37.9 1.03 2.81 0.97 1.01 2.74

SFW FA2 545 535 | -1.08 | -1.89 0.97 -1.01 -1.85
RFW FA2 1.72 2.18 0.46 26.9 0.96 0.44 25.9

NTPP FA3 2.98 3.20 0.22 7.58 0.88 0.19 6.69
ELWL FA3 3.09 3.11 0.02 0.70 0.95 | 0.020 0.67

RDW FA3 0.52 047 | -0.04 | -8.80 0.54 -0.02 -4.80

PH FA4 36. 7 36.8 0.06 0.18 0.84 0.05 0.15
PC FA4 2.49 235 | -0.13 | -5.60 0.99 -0.13 -5.56
RL FA4 27.6 30.8 3.23 11.7 0.84 2.72 9.86
RV FA4 0.78 | 056 | -0.21 | -27.0 0.95 -0.20 -25.9

Here, PH= plant height, NTPP=no. of tiller per plant, PC= proline content, RL=root length, SDW= shoot dry weight,
RSR= root shoot ratio , RWC= relative water content , ELWL= excise leaf water loss ,SFW= shoot fresh weight , RFW=
root fresh weight , RDW= root dry weight ,RV= root volume.X0 = the original population mean, Xs = the mean of
selected genotypes, SD= selection differential, SDperc= selection differential in percentage, SG= selection gain,

SGperc= selection gain in percentage.
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4.4.3 Selected genotypes and their strength and weaknesses

The strengths and weaknesses were studied to identify genotypes and traits to be selected
for a much more efficient breeding program. The lower contribution of a factor in the
genotype indicated that the genotype is highly selective for the trait in a particular factor.
Figure 8 indicates the result of screening the investigated plant genetic accessions based
on MGIDI index. In this figure, the red circle indicates the cut point according to the
selection pressure (SI =10%). The MGIDI index identified 10 as more desirable genotypes
than others for each growth condition. Among these, G-16 (1IHZWYT-425) was selected
in both conditions, suggesting that it can maintain its ideal growth under both conditions.

In the control condition, the genotypes G-63 (Jamal-10024), G-64 (Jamal-10026), G-71
(Jamal-10105), G-29 (29SAWYT-3 RAJ), G-30 (29SAWYT-305), G-16 (LHZWYT-425),
G-32 (29SAWYT-313), G-62 (Jamal-10020), G-65 (Jamal-10028) & G-73 (Jamal-9007)
were selected (Figure 9a). The FAL factor provided for the lowest contributions to
genotype G-63 (Jamal-10024) & G-62(Jamal-10020) (Figure 8) thus G-63(Jamal-
10024)& G-62(Jamal-10020) emphasizes the superiority of this genotype regarding no. of
tiller per plant & root fresh weight. The smallest contributions provided for the factor FA2
were to genotypes G-16(1HZWYT-425) (Figure 8) suggested that they have higher shoot
fresh weight, root dry weight and higher root volume. In the FA3, the lowest contributions
to genotype G-63(Jamal-10024) & G-30(29SAWYT-305) provided that they have higher
root length & excise leaf water loss. The lowest contributions provided for the factor FA4
were to genotypes G-62(Jamal-10020) revealed that it has higher plant height, proline
content & root shoot ratio and the FA5 factor provided for the lowest contributions to
genotypes G-64(Jamal-10026) as higher shoot dry weight and relative water content.

In the drought condition, the genotypes G-77 (Jamal-9046), G-86 (SABGPYT-4104), G-
16(1HZWYT-425), G-87(SABGPYT-4110), G-19(1HZWYT-430 RAJ), G-5
(11SATYN-9425), G-67 (Jamal-10032) , G-72 (Jamal-9006),G-14 (1HZWYT-422
RAJ& G-47 (BAW-1397) were selected (Figure 9b).In this strategy, the lowest observed
contribution of the FALl factor was for the genotypes G-77(Jamal-9046) & G-
16(1HZWYT-425) (Figure 8) which revealed that they have higher shoot dry weight , root
shoot ratio and relative water content. The FA2 factor provided for the lowest contributions
to genotypes G-19(1HZWYT-430 RAJ) (Figure 8) as higher shoot fresh weight & root
fresh weight. The lowest observed contribution of the FA3 factor was for the genotypes
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G-14(1HZWYT-422 RAJ) as higher no. of tiller per plant, excise leaf water loss & root
dry weight and The FA4 factor provided for the lowest contributions to genotypes G-
72(Jamal-9006) & G-87(SABGPYT-4110) (Figure 8) which revealed that they have
higher plant height, proline content, root length & root volume.
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4. (B) Assessment of genetic diversity in 100 wheat genotypes through molecular
study

In this study, five (5) microsatellite markers were used. The molecular research was
undertaken in the Molecular Breeding Laboratory of the Department of Genetics and Plant
Breeding, HSTU and Bangladesh Wheat and maize Research Institute, Dinajpur. The
experiment's outcomes are reported under the subsequent subheadings-

4.5 Analysis of DNA fingerprinting based on SSR markers

In the beginning, DNA was taken from young leaves of 3-week-old seedlings of 100
genotypes of wheat. DNA was extracted using modified CTAB method. Prior to PCR
amplification, the quality of the extracted DNA samples was evaluated through
quantification using a Thermo Scientific NanoDropTM1000 Spectrophotometer. One
hundred different genotypes of wheat had DNA quantities ranging from 96 to 2600ul/mL.
The 3 g/l. SSR markers revealed the polymorphic bands after polymerase chain reaction
(PCR) and polyacrylamide gel electrophoresis (PAGE) examination. Here, the distance
between the DNA bands of the SSR/microsatellite markers was measured using a 100 bp
DNA ladder. Figure 10displays a gel image of PCR-amplified fragments utilizing those
SSR markers.
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Figure 10. Gel picture of microsatellite markers obtained from polyacrylamide gel electrophoresis using 100 bp
DNA ladder. 1-96 indicates the genotype no. (According to Table.1)
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Figure 10. Gel picture of microsatellite markers obtained from polyacrylamide gel electrophoresis using 100 bp
DNA ladder. 1-96 indicates the genotype no. (According to Table.1) (contd.)
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4.6 Assessment of polymorphism from SSR Profiles

A total of 24 alleles were identified with 5 SSR markers over 96 wheat genotypes (Table
15). According to the Table 15, maximum range of band sizes was found by WMS0691
(146-400bp) which was followed by GWM495 (160-380bp) and Barc20 (200-360bp),
respectively. The number of alleles per marker ranged from 2 to 7, with an average of 4.8
alleles across the 24 allele. The marker GWM495 produced the highest number of
polymorphic alleles of seven (7) followed byTagwm1037 (6) and GWM513 with five (5),
WMS0691 with four (4) respectively (Table 15). While Barc20 markers produced the least
number of polymorphic bands per locus of two(2). The PIC (Polymorphism Information
Content) values of SSRs ranged from 0.46 to 0.84 with an average of 0.41. The highest
PIC value (0.84) was recorded for GWM495, and GWM513recorded second highest (0.78)
and lowest by Barc20 (0.46). Dido et al. (2022) analyzed 49 SSR markers amplified a total
of 478 alleles with an average of 9.755 alleles per marker were obtained of which 97.07%

of the loci were observed to be polymorphic.
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Table 16. Allele number, size range and polymorphism information content (PIC)

found among 100 wheat genotypes for 5 microsatellite markers

SI. No. | Markers Allele No. Size range (bp) PIC
1 WMS0691 4 146-400 0.68
2 GWM513 5 120-210 0.78
3 GWM495 7 160-380 0.84
4 Barc20 2 200-360 0.46
5 Tagwm1037 6 100-160 0.62
Total 24

Average 4.8 0.56
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4.7 UPGMA dendrogram

The genetic distance-based results in the UPGMA (Unweighted Pair Group Method with
Arithmetic Mean) cluster analysis revealed six major clusters (Cluster I, Cluster Il, Cluster
I11, Cluster 1V, Cluster V and Cluster VI) in 100 wheat genotypes (Figure 11).

According to Table 16, Cluster I consisted of 16 genotypes namely- BARIGOM-25,
BARIGOM-33, BARIGOM-31, 29SAWYT-319, BAW-1411 AYT-7, BAW-1401 CVD-
12, BAW-1390, 29SAWYT-313, 1HZWYT-412, Jamal-10020, 29SAWYT-3 RAJ,
BAW-1340 CVD-7, IHZWYT-421 RAJ, BAW-1397, 29SAWYT-305, 29SAWYT-312.
Again, cluster | was further divided into 2 sub-clusters (A and B). Among them the highest
and lowest similarity found between sub-cluster A comprised viz, 29SAWYT-313,
IHZWYT-412, Jamal-10020, 29SAWYT-3 RAJ, BAW-1340 CVD-7, 1HZWYT-421
RAJ, BAW-1397, 29SAWYT-305, 29SAWYT-312. Sub cluster-B comprised of 7
genotypes viz. BARIGOM-25, BARIGOM-33, BARIGOM-31, 29SAWYT-319, BAW-
1411 AYT-7, BAW-1401 CVD-12, BAW-1390.Cluster Il consisted of 20 genotypes viz.,
BAW-1422 AYT-10, 1HZWYT-423, 1HZWYT-428, BARIGOM-28,BARIGOM-30,
BAW-1394 CVD-9,BAW-1411 AYT-7,BAW-1425 AYT-11,1HZWYT-422 RAJ,
SABGPYT-4055, SABGPYT-7055,SABGPYT-4053,SABGPYT-4057,SABGPYT-
4079,BAW-1403, WMRIGOM-1, WMRIGOM-2,WMRIGOM-3,WMRIGOM-
4,SABGPYT-8082.Again, cluster Il was further divided into 2 sub-clusters (A and B). Sub
cluster-A, included 15 genotypes viz. BAW-1422 AYT-10, 1HZWYT-423, 1IHZWYT-
428, BARIGOM-28, BARIGOM-30, BAW-1394 CVD-9, BAW-1411 AYT-7, BAW-
1425 AYT-11,1HZWYT-422 RAJ, SABGPYT-4055, SABGPYT-7055, SABGPYT-
4053, SABGPYT-4057,SABGPYT-4079,BAW-1403. Sub-cluster-B consisted of 5
genotypes namely- WMRIGOM-1, WMRIGOM-2, WMRIGOM-3, WMRIGOM-4, and
SABGPYT-8082.Among them the highest and lowest similarity found. Cluster Il
consisted of 8 genotypes viz., IHZWYT-410,1HZWYT-417,11SATYN-9412,11SATYN-
9416,11SATYN-9406,11SATYN-9417,11SATYN-9425, and 11SATYN-9437. Again,
cluster 111 was further divided into 2 sub-clusters (A and B). Sub cluster-A, included 3
genotypes viz.1HZWYT-410,1HZWYT-417 and 11SATYN-9412. Among them the
highest and lowest similarity found. Sub-cluster-B consisted of 4 genotypes namely-
11SATYN-9416, 11SATYN-9406,11SATYN-9417,11SATYN-9425, 11SATYN-9437
and the highest and lowest similarity found between them (Figure 11). Cluster IV consisted
of 13 genotypes viz., Jamal-10032, Jamal-10089, Jamal-10008, Jamal-1010, Jamal-10059,
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Jamal-1028,BARIGOM-27, BAW-1322 CVD-6,BAW-1286 CVD-4, BAW-1408 PYT-8,
BAW-1427 PYT-5, BAW-1399, BAW-1243. Again, cluster IV was further divided into 2
sub-clusters (A and B). Sub cluster-A, included 6 genotypes viz. Jamal-10032, Jamal-
10089, Jamal-10008, BARIGOM-27, Jamal-10059 and Jamal-10028. Sub-cluster-B
consisted of 7 genotypes namely- Jamal-1010, BAW-1322 CVD-6,BAW-1286 CVD-4,
BAW-1408 PYT-8, BAW-1427 PYT-5, BAW-1399 and BAW-1243. Cluster V consisted
of 29 genotypes viz., Jamal-10024, BARIGOM-32, Jamal-10105, Jamal-9007,Jamal-
9015, IHZWYT-449 RAJ, 29SAWYT-11 RAJ,Jamal-10026,Jamal-10029, 29SAWYT-11
RAJ, IHZWYT-449 RAJ, 11SATYN-9426, Jamal-9033,Jamal-9046,Jamal-9006,Jamal-
9030,BAW-1426 PYT-4, IHZWYT-437 RAJ, IHZWYT-430 RAJ, IHZWYT-439 RAJ,
1HZWYT-425, 1HZWYT-434,1HZWYT-433,1HZWYT-448 RAJ,1HZWYT-446,
SABGPYT-6006, SABGPYT-6016,SABGPYT-5094,SABGPYT-5082,Jamal-
10038,11SATYN-9428. Again, cluster IV was further divided into 2 sub-clusters (A and
B). Sub cluster-A, included 15 genotypes viz. Jamal-10024, BARIGOM-32, Jamal-10105,
Jamal-9007,Jamal-9015, 1HZWYT-449 RAJ, 29SAWYT-11 RAJ,Jamal-10026,Jamal-
10029, 29SAWYT-11 RAJ, 1HZWYT-449 RAJ, 11SATYN-9426, Jamal-9033,Jamal-
9046 andJamal-9006. Sub-cluster-B consisted of 14 genotypes namely- Jamal-
9030,BAW-1426 PYT-4, IHZWYT-437 RAJ, IHZWYT-430 RAJ, IHZWYT-439 RAJ,
1HZWYT-425, 1HZWYT-434,1HZWYT-433,1HZWYT-448 RAJ,1HZWYT-446,
SABGPYT-6006, SABGPYT-6016,SABGPYT-5094,SABGPYT-5082,Jamal-10038 and
11SATYN-9428.Khalil et al.(2020) studied that cluster analysis and dendrogram showed
the highest degree of genetic similarity between variety Arabiasuad and variety Arabiabiad
(0.7619).

The heat map of population shows genetic diversity (Figure 12). The length of the
amplified fragments at each locus is represented by a colored band and each locus has a
unique contrast diagram of fragment size and color. Different colors represent different

fragment sizes. Individuals of the same population are surrounded by black dotted frames.
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ing the genetic relationships

An UPGMA cluster dendrogram show

Figure 11

microsatellite markers
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Table 17 Distribution of 100 Wheat in six different clusters by Molecular analysis

Cluster

Number of

genotypes

Genotypes in different clusters

16

BARIGOM-25, BARIGOM-33, BARIGOM-31, 29SAWYT-319, BAW-
1411 AYT-7, BAW-1401 CVD-12, BAW-1390, 29SAWYT-313,
1HZWYT-412, Jamal-10020, 29SAWYT-3 RAJ, BAW-1340 CVD-7,
1HZWYT-421 RAJ, BAW-1397, 29SAWYT-305, 29SAWYT-312.

20

BAW-1422 AYT-10, 1HZWYT-423, 1HZWYT-428,BARIGOM-
28,BARIGOM-30, BAW-1394 CVD-9,BAW-1411 AYT-7,BAW-1425
AYT-11,1HZWYT-422 RAJ, SABGPYT-4055, SABGPYT-
7055,SABGPYT-4053,SABGPYT-4057,SABGPYT-4079,BAW-

1403, WMRIGOM-1,WMRIGOM-2, WMRIGOM-3,WMRIGOM-
4,SABGPYT-8082.

1HZWYT-410,1HZWYT-417,11SATYN-9412, 11SATYN-
9416,11SATYN-9406, 11SATYN-9417,11SATYN-9425, 11SATYN-
9437.

13

Jamal-10032, Jamal-10089, Jamal-10008, Jamal-10010, Jamal-10059,
Jamal-10028,BARIGOM-27, BAW-1322 CVD-6,BAW-1286 CVD-4,
BAW-1408 PYT-8, BAW-1427 PYT-5, BAW-1399, BAW-1243.

29

Jamal-10024, BARIGOM-32, Jamal-10105, Jamal-9007,Jamal-9015,
1IHZWYT-449 RAJ, 29SAWYT-11 RAJ,Jamal-10026,Jamal-10029,
29SAWYT-11 RAJ, 1HZWYT-449 RAJ, 11SATYN-9426, Jamal-
9033,Jamal-9046,Jamal-9006,Jamal-9030,BAW-1426 PYT-4, IHZWYT-
437 RAJ, 1HZWYT-430 RAJ, 1HZWYT-439 RAJ, 1HZWYT-425,
1IHZWYT-434,1HZWYT-433,1HZWYT-448 RAJ,IHZWYT-446,
SABGPYT-6006, SABGPYT-6016,SABGPYT-5094,SABGPYT-
5082,Jamal-10038,11SATYN-9428

Vi

10

SABGPYT-1041,Jamal-9048,SABGPYT-4075, IHZWYT-
418,1HZWYT-444 SABGPYT-7056, SABGPYT-8011, SABGPYT-
4110,SABGPYT-5050,SABGPYT-4104.
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Figure 12. Multivariate heat map illustrating the genetic diversity of 96 wheat genotypes

based on the 5 SSR markers
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4.8 Principal component analysis

Principal Component Analysis Associations among 96 wheat genotypes were computed
using PCA method. Here, first principal component (PC1), and the second principal
component (PC2) explained 16.9% and 13.1 % of total variation, respectively and
localization of genotypes in a 2D PCA plot indicates the genetic distances among the wheat
genotypes (Figure 13). Here, Population I, Population 11, Population Il1, Population 1V,
Population Vand Population VI were mixed with genotypes viz., In PCA scree plot, the
green line on top showed the accumulated variance explained; the blue line underneath
showed the variance explained by individual PC (Figure 14).
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Figure 13: Two-dimensional principal component analysis (PCA) based on SSR
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Figure 14:The scree plot displays the Principal coordinate analysis of the top 5 PCs for 96
wheat genotypes based on SSR marker data
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4.9 Interrelationship of phenotypic and molecular outcome

Among 100 wheat genotypes, the genotypes 11SATYN-9425, 1HZWYT-422 RAJ,
IHZWYT-425, IHZWYT-430 RAJ, BAW-1397, Jamal-10032, Jamal-9006, SABGPYT-
4104 and SABGPYT-4110 are highly drought tolerant selected by multi-trait ideotype
selection. Based on the morphological diversity 1HZWYT-425,1HZWYT-430 RAJ,
11SATYN-9425, Jamal-10032, 1HZWYT-422 RAJ, BAW-1397, Jamal-9046,
SABGPYT-4104, Jamal-9006 were identified in cluster 1 and cluster Il as similar
genotypes.

Based on molecular study, the respected tolerant genotypes obtained from previous study
i.e. IHZWYT-425, 1IHZWYT-430 RAJ and Jamal-9006 are located in same cluster as
UPGMA cluster V.
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CHAPTER V
SUMMARY AND CONCLUSION

The present investigation was conducted with one hundred wheat genotypes in CRD
design with two replications at Breeder Seed Production Station, BWMRI, Debiganj,
Panchagarh and Wheat Breeding laboratory, Bangladesh Wheat and Maize Research
Institute, Dinajpur and Hajee Mohammad Danesh Science and Technology University,
Dinajpur, Bangladesh during Rabi season, 2022-2023. The objectives of the research work
were to identify drought stress tolerance genotypes among the studied wheat germplasms
using MGIDI and morpho-physiological as well as molecular diversity at seedling stage
to assess the degree of divergence among the experimental wheat genotypes. In order to
propose elite genotype with desired characters i.e. LRT, phenotypic and genotypic
coefficient of variances, heritability,correlation,BLUPg, PCA, Multi-trial Genotype
Ideotype Index (MGIDI), Factor analysis, Strength and Weakness were also studied. Apart
from morphological analyses, molecular markers (SSRs) were also applied in order to

molecular characterize these wheat germplasms at genetic level.

In morpho-physiological study, the observations were recorded on three selected plants
per genotype at seedling stage in each replication. The statistical significance of the
likelihood ratio for genotypes (LRTg) and the likelihood ratio for the genotype and
environment interaction (LRTge) were observed in control and drought for all the
morphological traits, except for the LRTg in the case of RL, SDW, RSR, SFW and RDW.
All physiological traits except the PC was non-significant for the LRTg in multi-

environment analysis.

From genetic parameter studies, Phenotypic variance was higher than genotypic variance
at both control & drought condition. Mean heritability values ranged from 0.82(RL) to
1.00 (PC and SDW) in the control condition, and from 0.54 (RDW) to 0.99 (PC) in the
drought condition. Selective accuracies ranged from 0.90(RL) to 1.00(PC and SDW) in
the control condition and from 0.73 (RDW) to 0.99 (DH) in the drought condition, in the
META. Mean heritability values ranged from 0.03(RL) to 0.72 (RV). Selective accuracies
ranged from 0.03(RL) to 0.85(RV).

Descriptive analysis revealed that in the two environments, the average deviation for PH,
NTPP, RFW, RL, RWC and RF at drought condition was relatively low compared with

control condition. However, for other traits, average deviation appeared higher under
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drought condition, indicating a higher genotypic response under the drought condition;

hence, the higher scope of genotype selection for those traits.

By analyzing the overall performance of 12 different morphological traits under two
different environment or treatment, it was found the max mean value of Plant height (PH),
No. of tiller per plant (NTPP) , proline content (PC), Root length (RL), shoot dry weight
(SDW), root shoot ratio (RSR), relative water content (RWC), shoot fresh weight (SFW),
root fresh weight (RFW), root dry weight (RDW) and root volume (RV) was recorded by
BAW-1429 PYT-7, Jamal-9048, BARIGOM-32, 1HZWYT-421 RAJ, SABGPYT-4079,
BAW-1430 PYT-8, BARIGOM-28, Jamal-10038, Jamal-10105, 11SATYN-9426 and
Jamal-10024 respectively at drought condition.

By considering blupg value, for control condition, the highest plant height was found in
genotype 11SATYN-9406 (82.6cm), Genotype SABGPYT-4053 (7.38) the maximum
number of tiller plantl. The highest proline content was exhibited in the genotype
1HZWYT-418 (1.91). The maximum root length (41.8) & relative water content (94.2)
were revealed for the genotype BAW-1407 AYT-7. Genotype 11SATYN-9437 (28.5Q)
showed the highest shoot dry weight. The maximum amount of root shoot ratio was
revealed for the genotype 1HZWYT-410 (0.91). The higher excise leaf water loss were
revealed for the genotype Jamal-9015 (5.56). Genotype 1HZWYT-427(129g) showed
highest shoot fresh weight. The maximum root fresh weight was found for the genotype
Jamal-10059(8.20g). Maximum values for root dry weight (3.69) & root volume (3.37)

were revealed for the genotype Jamal-10026.

In drought stressed condition, the highest plant height (82.6cm) was found in genotype
BAW-1427 PYT-5. Genotype Jamal-9046 showed the maximum number of tiller plant
1(7.38). The highest proline content (1.91mM) was exhibited in the genotype BARIGOM-
30.The maximum root length was revealed for the genotype 1HZWYT-418 (41.8cm).
Genotype SABGPYT-4075 (28.5g) showed the highest shoot dry weight. The maximum
amount of root shoot ratio was revealed for the genotype BAW-1429 PYT-7 (0.91). The
highest relative water content was revealed for the genotype BARIGOM-27 (94.2). The
higher excise leaf water loss was revealed for the genotype 11SATYN-9417 (5.56).
Genotype Jamal-10032 (129g) showed highest shoot fresh weight. The maximum root
fresh weight was found for the genotype Jamal-10032 (8.20g). Maximum values for root
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dry weight was revealed for the genotype 11SATYN-9425 (3.69g). The highest root
volume was revealed for the genotype Jamal-10020 (3.37).

In META, the highest plant height was found in genotype 11SATYN-9406 (64.5cm).
Genotype SABGPYT-4053 (5.50) showed the maximum number of tiller plant?. The
highest proline content was exhibited in the genotype 1HZWYT-418 (2.67). The
maximum root length was revealed for the genotype IHZWYT-425 (37.7cm). Genotype
11SATYN-9437 (15.3g) showed the highest shoot dry weight. The maximum amount of
root shoot ratio was revealed for the genotype BAW-1430 PYT-8 (0.91). The highest
relative water content was revealed for the genotype BARIGOM-28 (79.2). The higher
excise leaf water loss was revealed for the genotype 11SATYN-9425 (4.71). Genotype
Jamal-9015 (94.5g) showed highest shoot fresh weight. The maximum root fresh weight
was found for the genotype Jamal-10059 (6.97g). Maximum values for root dry weight
(2.199g) & root volume (2.70) was revealed for the genotype Jamal-10024.

From the correlation coefficient study, Character association through correlation analysis
studies revealed that in control and drought condition, root volume and root fresh weight
have a significant positive correlation with shoot fresh weight. Root fresh weight has a
significant positive correlation with root dry weight in control and significant negative
correlation with root volume in drought condition. In control condition, root volume has a
significant positive association with root dry weight. This indicated that simultaneous
selection of these characters was important for drought tolerance. Hence, selection of

genotypes for root association based on these traits could be useful for future breeding.

The multivariate analysis revealed that 100 wheat genotypes were distributed into six
clusters. Among the six cluster, Considering all the characters it appeared that the
genotypes in the cluster 111 (29SAWYT-3 RAJ, BAW-1403 etc.), IV (IHZWYT-427,
1HZWYT-433 etc.) and 11 (Jamal-10059, Jamal-10105, SABGPY T-5094)with the highest
number of relative mean for plant height, no. of tiller per plant, shoot dry weight, root dry
weight, relative water content, root length and root volume in drought condition. Those
genotypes from these clusters having high mean values may be directly used for adaptation

or may be used as parents in future hybridization programs.

By PCA analysis, it was founded the cumulative variance for the first five principal

components accounted for ~61% of all genetic variability.
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The MGIDI provided desired selection differentials (SD) 12 studied traits. The selection
differentials ranged from — 0.032% (RSR) to 11.3% (SFW). ELWL, PH, PC, RSR and
RWC showed negative gains, and NTPP, RFW, RDW, RL, RV, SFW and SDW showed
positive gain at control condition.

MGIDI analysis revealed that, In the control condition, the genotypes Jamal-10024, Jamal-
10026, Jamal-10105, 29SAWYT-3 RAJ, 29SAWYT-305, IHZWYT-425, 29SAWYT-
313, Jamal-10020, Jamal-10028&Jamal-9007 were selected where Jamal-10024& Jamal-
10020 with higher no. of tiller per plant & root fresh weight, IHZWYT-425 with higher
shoot fresh weight, root dry weight & root volume, Jamal-10024&29SAWYT-305 with
higher root length & excise leaf water loss,Jamal-10020 with higher plant height, proline
content & root shoot ratio and Jamal-10026 with higher shoot dry weight & relative water
content. In the drought condition, the genotypes Jamal-9046, SABGPYT-4104,
1HZWYT-425, SABGPYT-4110, 1IHZWYT-430 RAJ, 11SATYN-9425, Jamal-10032,
Jamal-9006, 1HZWYT-422 RAJ&BAW-1397 were selected. In this strategy, Jamal-
9046&1HZWYT-425 were selected with higher shoot dry weight, root shoot ratio &
relative water content, 1IHZWYT-430 RAJ with higher shoot fresh weight & root fresh
weight, IHZWYT-422 RAJ with higher no. of tiller per plant, excise leaf water loss & root
dry weight and Jamal-9006&SABGPYT-4110 with higher plant height, proline content,
root length & root volume. The MGIDI index identified 20 as more desirable genotypes
than others for each growth condition. Among these, 1IHZWYT-425 was selected in both
conditions, suggesting that it can maintain its ideal growth under both conditions.

In marker study (experiment 2), 5 SSR markers were evaluated in 100 wheat varieties for
molecular characterization. All of the SSRs were polymorphic.

Total of 24 alleles were detected and the number of alleles per locus ranged from 2 to
7with an average of 4.8 alleles per locus. The marker GWM495 produced the highest
number of polymorphic alleles of seven (7) followed by Tagwm1037 (6) and GWM513
with five (5), WMS0691 with four(4) respectively(Table 17). While Barc20 markers
produced the least number of polymorphic bands per locus of two (2). The highest PIC
value (0.84) was recorded for GWM495, and GWM513 recorded second highest (0.78)
and lowest by Barc20 (0.46).The SSR markers in this study yielded reproducible
polymorphic bands in ninety six genotypes of Triticum aestivum, providing a powerful
and reliable molecular tool for analyzing genetic diversity and relationships in wheat.
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Cluster analysis using UPGMA method delineated the 96 cultivars into six clusters
comprising of 16, 20,8,13, 29 and 20 genotypes. The respected tolerant genotypes obtained
from previous experiment i.e. IHZWYT-425, 1IHZWYT-430 RAJ and Jamal-9006 are
located in same cluster as UPGMA cluster V.

Principal Component Analysis Associations among 96 wheat genotypes were computed
using PCA method. Population I, Population I, Population 111, Population IV, Population
V and Population VI were mixed with genotypes .The graphical views of PCA showed the
spatial distribution of the genotypes. The results indicated that the genotypes were placed
far away from the centroid that means they were more genetically diverse. These
genotypes are not sharing any genetic similarity between themselves and between the
entire ninety six genotypes studied; they can be a potential parent in the future breeding

programs.

As a result of genotype differences in reactions to water stress, moisture stress placed on
all wheat genotypes indicates their capacity for drought tolerance. The most distant
parental categories were clearly distinguished between genotypes using the current genetic
diversity study. Due to their drought tolerance, this would facilitate hybridization as well
as the identification of suitable donors in marker-assisted selection. High-yielding
cultivars that are tolerant of drought could be created using efficient breeding method

Bangladesh’s disaster-prone regions.
Based on the findings of the present investigation following conclusions could be made.

» Jamal-9046, SABGPYT-4104, 1HZWYT-425, SABGPYT-4110, IHZWYT-
430 RAJ, 11SATYN-9425, Jamal-10032, Jamal-9006, 1HZWYT-422
RAJ&BAW-1397 were identified as drought tolerant genotypes among 100
genotypes through assessment of multi-trait genotype ideotype index (MGIDI).

» Based on the morphological diversity 1HZWYT-4251HZWYT-430 RAJ,
11SATYN-9425, Jamal-10032, IHZWYT-422 RAJ, BAW-1397, Jamal-9046,
SABGPYT-4104, Jamal-9006 were identified in cluster | and cluster Il as

similar genotypes and might be useful for future hybridization program.

» Based on the molecular diversity genotypes were identified in 1HZWYT-
425,1HZWYT-430 RAJ, 11SATYN-9425, Jamal-10032, 1HZWYT-422 RAJ,
BAW-1397, Jamal-9046, SABGPYT-4104, Jamal-9006 cluster I11, VV and VI as
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similar genotypes and might be useful for future hybridization program.

» Finally, considering the morphological and molecular study both the genotype
IHZWYT-425, 1HZWYT-430 RAJ, Jamal-9046, 1HZWYT-422 RAJ and
BAW-1397 might be very effective in future drought tolerant breeding program.
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APPENDICES

Appendix I: Map of Debiganj Upazila showing the experimental area
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Appendix I1: Weather data of the experimental site during the period from
December, 2022 to February, 2023

Months Relative humidity Temperature Total
(%) _ i rainfall
Minimum Maximum
(mm)
(°C) (°C)
December/ 2022 100 8.9 25.8 0.00
January/ 2023 98.8 9.4 30 0.00
February/ 2023 96.9 10.3 28.9 0.00

Source: Bangladesh Wheat and Maize Research Institute, Dinajpur (BWMRI).

118




Appendix I11: Some photographs of research work
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