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ARTICLE HISTORY ABSTRACT
Received: 02 February 2024 A field research was carried out at the National Wheat Research Program (NWRP) in Bhaira-
Revised received: 28 March 2024 hawa, Nepal in 2022 to investigate elite durum wheat genotypes and key traits contributing to

Accepted: 18 April 2024 grain yield. The experiment was performed in an alpha lattice design with two replications.

Thirty distinct durum wheat genotypes were assessed, focusing on fourteen quantitative traits
including days to booting, days to heading, days to maturity, plant height, spike length, pedun-

Keywords . .
cle length, number of tillers per square meter, number of spikes per square meter, number of

Cluster analysis grains per spike, grain weight per spike, thousand kernel weight, grain yield, biomass yield,

chlorophyll content. The studied genotypes were grown under irrigated condition. Genotype
NL1779 attained the highest grain yield of 3828 kg/ha, followed by NL1769 (3784 kg/ha),
NL1772 (3726 kg/ha), NL1789 (3640 kg/ha) and NL1784 (3570 kg/ha). Principal components
analysis revealed that eight traits were the major loadings on the first two principal compo-
nents that describe 53.4% of the total morphological variance at irrigated condition. Cluster
analysis grouped the different genotypes into four clusters, with each cluster showing varia-
tion in performance for different traits under irrigated conditions. Cluster Il is characterized

Correlation analysis

Durum wheat

Genotype evaluation
Principal component analysis

by genotypes exhibiting the highest grain yield, biomass yield, spike length, number of grains
per spike, and number of spikes per square meter. Notably, the high-yielding genotypes
NL1779,NL1769,NL1772, NL1789, NL1784, and NL1773 identified within this cluster could
serve as potential candidates for inclusion in the national breeding program. These superior
genotypes could be recommended for irrigated environment after further evaluation. Inte-
grating them into national breeding programs offers an opportunity for genetic improvement,
contributing to establishing a robust durum wheat production system in Nepal, meeting the
growing demand for durum wheat products while promoting dietary diversity and sustainable
agriculture.
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INTRODUCTION (Khalid et al., 2022). Its paramount importance stems from its

nutrient-rich grains, which are valuable sources of protein,
Wheat (Triticum aestivum L.) is a globally significant staple cereal essential minerals (copper, magnesium, zinc, iron, phosphorus),
crop, serving as a primary food source for millions worldwide vitamins (riboflavin, thiamine, niacin, alpha-tocopherol), and
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carbohydrates (Garg et al., 2021). In Nepal, following rice and
maize, wheat is the third most crucial crop; however, in terms of
human consumption, it holds the second position (Pandey etal.,
2017).

Nepal has released 54 wheat varieties out of them, only 2 are
durum wheat varieties. There is very less area of durum wheat
(~200-300ha) cultivated in Western Terai (Dang, Banke and
Kailali) in Nepal but is in high demand for industrial purpose
(NWRP, 2021). Beginning in 2000, the Nepal Agricultural Re-
search Council (NARC) has introduced and initiated testing
CIMMYT- develop durum wheat genotypes in different location
in the country. Durum is developing into a promising crop and a
more and more practical option to grow in near future (NWRP,
2021).

During the fiscal year 2021/22, wheat cultivation in Nepal
spanned 716,978 hectares, with an average yield of 2.99 metric
tons per hectare, contributing 5.6721% to the nation's agricul-
tural GDP in 2022/23 (MoALD, 2023). Wheat comprises two
main types: hexaploid bread wheat (Triticum aestivum), charac-
terized by genomes A, B, and D, and tetraploid durum wheat
(Triticum durum), containing genomes A and B (Khalid et al.,
2023). Durum wheat, an allotetraploid (2n = 4x = 28, AABB), is a
crucial cereal crop primarily grown in the Mediterranean Basin,
ranking second in importance after common bread wheat
(Martinez-Moreno et al., 2020; Marzario et al., 2023; Nazco
et al, 2012; Paux et al., 2012). It is the tenth most commonly
grown cereal globally and plays a vital role in human diets,
particularly in the Mediterranean region (Beres et al., 2020).
Durum wheat is considered an exotic crop in Nepal, and its com-
mercial production is limited due to factors such as lack of com-
prehensive understanding of end-use products, lack of favorable
policies for farmers, and limited availability of high-yielding vari-
eties. Consequently, bread wheat accounts for nearly the entire
wheat cultivation in the country. However, with changing die-

tary preferences and increasing urbanization, the demand for
durum wheat products in Nepal is rapidly rising (Adhikari et al.,
2018). It is utilized in various products, including pasta, bulgur,
couscous, and diverse Mediterranean dishes like Gofio and
Freekeh, as well as flatbreads (Gonzalez-Ribot et al., 2017). With
a growing global trend towards healthier and diverse diets, the
demand for durum wheat products is increasing due to their role
in promoting well-rounded, nourishing dietary choices (Kadkol &
Sissons, 2015). However, limited areas worldwide can produce
durum wheat that meets the stringent quality standards required
for end-use suitability (Beres et al., 2020).

Durum wheat genotypes exhibit considerable variation in quan-
titative traits related to yield and yield-related traits, which are
crucial for crop improvement through breeding and selection
processes (Dukamo et al., 2023). The success of crop improve-
ment efforts largely depends on the magnitude of genetic varia-
bility available (Azad et al., 2022; Kandel et al., 2018) and the
heritability of desirable traits (Sarker et al., 2022). While
researchers have proposed various methods like principal
component analysis (PCA) and cluster analysis to assess genetic
variability by studying morphological and growth attributes
among genotypes (Azam et al., 2023), there is a lack of compre-
hensive studies evaluating durum wheat genotypes for their
traits, trait correlations, and selection of the best genotypes
using PCA and cluster analysis in the context of Nepal. The aim
of this study was to evaluate durum wheat genotypes for their
traits, investigate the correlation between different traits, and
select the best genotypes using principal component analysis
(PCA) and cluster analysis. The findings can be exploited in
future durum wheat breeding programs to establish a robust
durum wheat production system in Nepal, addressing the grow-
ing demand for durum wheat products while promoting dietary
diversity and sustainable agriculture.

Table 1. List of thirty durum wheat genotypes that were evaluated in the year 2022/23.

Number of Entries Genotypes Number of Entries Genotypes
1 NL 1767 16 NL 1782
2 NL 1768 17 NL 1783
3 NL 1769 18 NL 1784
4 NL 1770 19 NL 1785
5 NL 1771 20 NL 1786
6 NL 1772 21 NL 1787
7 NL 1773 22 NL 1788
8 NL 1774 23 NL 1789
9 NL 1775 24 NL 1790
10 NL 1776 25 NL 1791
11 NL 1777 26 NL 1792
12 NL 1778 27 NL 1793
13 NL 1779 28 NL 1794
14 NL 1780 29 Khajura Durum 1(check)
15 NL 1781 30 Khajura Durum 2 (check)
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MATERIALS AND METHODS

Plant materials and experimental site

The research was conducted during the 2022/23 cropping
season under irrigated conditions at the varietal improvement
block of the National Wheat Research Program (NWRP) in
Bhairahawa, Nepal (27°31'49" N, 83°27'36" E, 112 m above sea
level). The experimental site is characterized by a sub-tropical
climate with an annual rainfall of 1725.3 mm and silt loam soil
texture (Khadka et al., 2015). Thirty durum wheat genotypes,
including two standard check varieties, Khajura Durum 1 and
Khajura Durum 2, developed by CIMMYT and NARC, were used
as research materials (Table 1).

Experimental design and crop management

The experiment was laid out in an alpha lattice design with six
blocks and five plots per block, replicated twice (Gomez and
Gomez, 1984). Each plot measured 3 x 2 m? consisting of eight
rows spaced 25 cm apart and 3 m in length. Sowing was done on
December 5" 2022, at a seed rate of 120 kg ha™* by continuous
seed drill method (Paudel et al, 2022). Fertilizers were
applied at the recommended rate of 150:50:50 kg N: P,Os: K,0O hat
(Bhatta et al., 2020). Half of the nitrogen dose and the full doses of
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phosphorus and potassium were applied as basal doses during
final land preparation, while the remaining half of the nitrogen
dose was split into two equal top-dressings at the crown root
initiation (CRI) stage (25 days after sowing) and the booting stage
(60 days after sowing). Irrigation was provided at the CRI and
booting stages, following standard practices for wheat cultivation.
Plant protection measures and weeding were carried out.

Data collection and analysis

The following traits were phenotyped: days to booting (DTB),
days to heading (DTH), days to maturity (DTM), spike length
(SL), plant height (PH), chlorophyll content (SPAD), thousand
kernel weight (TKW), number of tillers per square meter
(NTPM), number of spikes per square meter (NSPM), peduncle
length (PL), number of grains per spike (NGPS), grain weight per
spike (GYPS), grain vield (kg ha®) (GY), and biomass yield (kg
hal) (BY). Data entry and processing were performed using
Microsoft Office Excel 2007. Analysis of variance (ANOVA),
correlation analysis, unweighted pair group method with
arithmetic mean (UPGMA) clustering, principal component
analysis (PCA), and calculation of means were conducted using
R Studio software version 4.3.1. Statistical significance was
determined at a 5% level of probability.

Table 2(a). Mean performance of thirty durum wheat genotypes for grain yield and yield attributing traits at Bhairahawa, Rupandehi

(2022/23).

S.N. Genotypes (5:;2) (3::_) (Ig;l’::l) Splk?clr.:)ngth PH (cm) No. of tiller/m?
1 NL 1767 83 86 118 5.3 67 452
2 NL 1768 77 81 114 6.0 85 320
3 NL 1769 79 83 116 57 77 401
4 NL 1770 77 82 115 52 71 375
5 NL 1771 78 82 115 6.1 79 334
6 NL 1772 79 83 116 6.2 74 386
7 NL 1773 78 82 115 6.1 77 365
8 NL 1774 76 80 113 52 73 370
9 NL 1775 76 80 113 54 73 447
10 NL 1776 75 81 114 6.0 76 433
11 NL 1777 79 83 116 6.1 73 356
12 NL 1778 77 81 114 5.9 73 439
13 NL 1779 77 81 114 5.3 69 406
14 NL 1780 78 82 115 6.0 77 394
15 NL 1781 76 80 113 55 74 352
16 NL 1782 79 87 118 52 80 316
17 NL 1783 78 81 114 6.0 73 454
18 NL 1784 79 83 116 6.0 81 399
19 NL 1785 77 80 113 54 68 477

20 NL 1786 78 83 115 6.2 77 310
21 NL 1787 79 82 115 57 66 289
22 NL 1788 79 84 116 6.3 74 343
23 NL 1789 77 81 114 5.8 78 382
24 NL 1790 78 83 116 6.7 77 385
25 NL 1791 77 82 115 5.6 73 380
26 NL 1792 78 82 115 57 75 386
27 NL 1793 79 83 116 5.0 70 388
28 NL 1794 78 83 116 6.1 78 354
29 Khajura Durum 1(Check) 78 83 116 7.0 80 352
30 Khajura Durum2 (check) 76 80 113 5.9 75 359

Grand Mean 77.6 82.1 114.95 5.83 74.84 380.11

CV(%) 1.84 1.43 0.85 5.2 4.92 12.81

LSD value 2.99 2.47 2.047 0.634 7.715 96.96

P value 0.040 0.001 0.001 <0.001 0.011 0.080
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Table 2(b). Mean performance of thirty durum wheat genotypes for grain yield and yield attributing traits at Bhairahawa, Rupandehi

(2022/23).
S. Genotypes No. of SPAD Peduncle No. of grains / Grain weight/ GY Biomass
No. spikes/m? Value length (cm) spike spike (kg/ha) Yield (kg/ha)
1 NL 1767 369 39.3 31.9 39 1.8 2405 4684
2 NL 1768 314 42.8 37.8 48 1.6 2979 6210
3 NL 1769 397 434 31.2 55 14 3784 6694
4 NL 1770 371 44.8 34.9 46 1.6 3176 6081
5 NL 1771 306 454 35.8 35 1.3 2678 5645
6 NL 1772 381 45.9 32.6 45 2.1 3726 6532
7 NL 1773 356 445 33.5 49 1.3 3512 6493
8 NL 1774 361 38.6 35.3 43 1.8 2570 4973
9 NL 1775 444 441 34.8 46 1.6 3103 5644
10 NL 1776 421 39.3 32.1 44 1.6 3354 6284
11 NL 1777 351 47.8 32.5 50 1.7 2703 5260
12 NL 1778 427 43.0 35.3 51 1.7 3002 6312
13 NL 1779 398 442 30.6 41 1.6 3828 6751
14 NL 1780 381 440 32.9 56 14 2884 5487
15 NL 1781 376 37.0 32.9 46 1.5 2638 5436
16 NL 1782 309 43.3 28.0 42 1.7 3130 6459
17 NL 1783 446 41.0 30.0 39 2.0 3055 6201
18 NL 1784 397 43.3 30.8 50 1.8 3570 6769
19 NL 1785 449 35.7 33.8 42 1.6 2627 4996
20 NL 1786 293 42.9 33.6 43 14 3449 6255
21 NL 1787 279 41.3 26.8 38 1.6 1872 3777
22 NL 1788 335 424 34.6 46 1.9 3067 5721
23 NL 1789 379 37.8 35.5 51 1.8 3640 6093
24 NL 1790 376 41.2 325 47 1.5 2706 5348
25 NL 1791 360 45.6 33.5 58 1.5 3266 5924
26 NL 1792 376 44.6 31.3 41 1.3 3097 6085
27 NL 1793 379 47.2 294 36 1.6 2458 4841
28 NL 1794 346 39.7 33.1 58 1.7 3408 6670
29 Khajura Durum 345 43.9 32.7 51 1.8 3440 6578
1 (Check)
30 Khajura Durum 354 42.2 36.2 46 1.5 3098 5694
2 (check)
Grand Mean 369.1 42.53 32.86 45.96 1.625 3074.2 5863.3
CV(%) 11.94 6.43 4.46 11.06 8.47 7.46 8.79
LSD value 92.33 5.72 3.072 10.64 0.287 480.03 1079.07
P value 0.070 0.050 <0.01 0.010 <0.01 <0.001 0.003
Table 3. Mean value of traits for 4 clusters obtained from hierarchical cluster analysis.
Traits Cluster | Cluster Il Cluster Il Cluster IV Grand Centroid
DTH 82.2 82.0 82.5 81.8 82.1
DTM 114.9 114.9 115.3 114.7 115.0
PH 68.8 76.1 76.8 754 74.3
SL 5.3 5.8 6.1 6.0 5.8
NSPM 3674 369.6 374.2 365.3 369.1
NGPS 39.6 46.1 49.7 46.5 45.5
GWPS 1.7 1.6 1.7 1.6 1.6
TKW 321 35.2 34.6 325 33.6
GY 2386.4 32148 3609.7 2859.6 3017.6
BY 4654.0 6190.6 6641.0 5529.5 5753.8

Table 4. Number of clusters and genotypic details in each cluster.

S. No. Clusters No. of genotypes Genotypes
1 Cluster | 5 NL 1787,NL 1774,NL 1785,NL 1767 and NL 1793
2 Clusters I 10 NL 1789,NL 1776,NL 1786, NL 1791, NL 1770, NL 1792, NL 1782, NL 1768,
NL 1778 and NL 1783
Clusters Il 7 NL 1772,NL 1769,NL 1779,NL 1773, NL 1794 and Khajura Durum1
4 Clusters IV 8 NL 1775, NL 1788, KhajuraDurum2, NL 1781, NL 1777, NL 1790, NL 1771

and NL 1780
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RESULTS AND DISCUSSION

The present study was carried out for evaluating the 30 wheat
genotypes for yield potential, character association, cluster
analysis and principal component analysis and the results
obtained were presented as below.

Analysis of variance

Significant variations were observed among the tested durum
wheat genotypes for most of the assessed traits, except for
SPAD, NTPM, and NSPM (Table 2). This finding is consistent
with previous studies by Adhikari et al. (2018), Al-Sayaydeh et al.
(2023), Nainabasti et al. (2024), Chamekh et al. (2017),
Boussakouran et al. (2021), Mohammadi et al. (2019), Banyai
etal. (2020), and Mansouri et al. (2018), who reported significant
differences among durum wheat genotypes for various traits,
including days to heading (DTH), days to maturity (DTM), flag
leaf area (FLA), number of grains per spike (NGPS), spike length
(SL), plant height (PH), peduncle length (PL), thousand kernel
weight (TKW), SPAD, and grain yield (GY). The observed varia-
bility among genotypes for these traits suggests the potential
for genetic improvement and trait integration through effective
breeding strategies. Grain yield is a paramount trait in cereal
crop evaluation, and in this study, the genotype NL 1779 exhib-
ited the highest grain yield of 3828 kg ha™, closely followed by
NL 1789 with 3640 kg ha’. Improving grain vyield is often
achieved by focusing on yield components, which are closely
linked to grain yield (Razzaq et al., 2013). One of the key vyield
components is grain weight per spike, as it directly impacts the
overall grain yield per unit area. A higher grain weight per spike
is desirable (Madan & Sethi, 2018), and in this study, the geno-
type NL 1772 exhibited the highest grain weight per spike of
2.1g. Larger grain weight is also advantageous for improved
milling and flour extraction (Khan et al., 2009), making
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Figure 2. Association between grain yield and number of grains per spike.

genotypes with maximum flour yields. The grain weight per spike
is influenced by the number of grains per spike, spike length, and
number of spikes per square meter (Tahir et al., 2009).

In this study, the genotypes NL 1794 and NL 1791 exhibited the
highest number of grains per spike (58), while the check variety
Khajura Durum1 had the longest spike length (7 cm), followed by
NL 1790 (6.7 cm). The genotype NL 1785 showed the highest num-
ber of spikes per square meter (449). Additionally, a greater num-
ber of tillers per square meter is generally desirable, as each tiller
has the potential to develop into a productive stem bearing grain
heads (Khaliq et al., 2008). The genotype NL 1785 exhibited the
highest number of tillers per square meter (447). Peduncle length is
another important trait in wheat, as a shorter peduncle provides
better support to the developing grain head, reducing the risk of
lodging and improving crop stability under adverse weather condi-
tions (Madan & Sethi, 2018). In this study, the genotype NL 1787
exhibited the shortest peduncle length (26.8 cm), while NL 1768
had the longest peduncle length (32.86 cm).

Plant height is a crucial trait in wheat breeding, as shorter plants
are generally favored in modern breeding programs due to their
improved resistance to lodging, more efficient resource utiliza-
tion, and better adaptation to various environmental conditions
(Mohammadi et al., 2015). However, optimal plant height may
vary depending on specific breeding objectives and environ-
mental factors. In this study, the genotype NL 1787 exhibited
the lowest plant height (66 cm), while NL 1768 had the tallest
plant height (85 cm). Thousand kernel weight (TKW) is a valua-
ble trait in durum wheat breeding programs, as larger kernels
typically result in higher milling yields due to a greater ratio of
endosperm to bran (Madan & Sethi, 2018; Mérida-Garcia et al.,
2020). Additionally, higher TKW is associated with increased
grain yield (Tahir et al, 2009). In this study, the genotype NL
1779 achieved the highest TKW of 41.2 g. The SPAD value, an
indicator of chlorophyll content and photosynthetic efficiency,
is desirable for higher biomass production and ultimately higher
grain yield. In this study, the genotype NL 1777 exhibited the
highest SPAD value of 47.8, while NL 1785 had the lowest
SPAD value of 35.7. Biomass yield is an important indicator of
overall crop productivity and resource utilization efficiency.
Higher biomass yield is generally desirable in wheat, as it
suggests greater plant growth and potential for higher grain
yield. In this study, the genotype NL 1784 achieved the highest
biomass yield of 6769 kg ha%, followed by NL 1779 with 6751
kg ha’. Regarding the days to booting, heading, and maturity,
shorter durations can be advantageous for avoiding potential
abiotic and biotic stresses that could affect grain yield, unless
specific circumstances or research objectives dictate otherwise
(Mohammadi et al., 2015; Mansouri et al., 2018). In this study,
the genotype NL 1776 reached booting stage earliest (75 days),
while NL 1767 reached it later (83 days). The genotypes NL
1774, NL 1775, NL 1781, and the check variety Khajura
Durum2 were the earliest to head (80 days), while NL 1782
showed late heading (87 days). The genotype NL 1785 and the
check variety Khajura Durum2 reached maturity earliest (113
days), while NL 1767 matured later (118 days).
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Table 5. Vector loadings and proportion of variance explained by the first five principal components (PC).

Traits PC1 PC2 PC3 PC4 PC5
DTH -0.172 0.568 0.302 -0.080 0.140
DT™M -0.190 0.552 0.316 -0.107 0.078
PH -0.453 -0.016 -0.291 -0.145 -0.032
SL -0.352 0.039 -0.252 -0.050 -0.655
NSPM 0.080 -0.448 0.471 0.163 -0.019
NGPS -0.328 -0.219 0.201 -0.445 -0.260
GWPS -0.050 0.086 0.432 0.545 -0.521
TKW -0.173 0.151 -0.413 0.629 0.099
GY -0.459 -0.235 0.176 0.141 0.310
BY -0.498 -0.191 0.100 0.152 0.313
Loadings

Eigen Value 3.04 2.30 1.37 1.32 0.87
Standard deviation 1.74 1.52 1.17 1.15 0.93
Proportion of Variance 0.30 0.23 0.14 0.13 0.09
Cumulative Proportion 0.30 0.53 0.67 0.80 0.89
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Figure 3. Correlation matrix among different traits for 30 durum wheat
genotypes.
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Correlation analysis is a valuable tool for assessing the relation-
ships and interdependencies between different traits. It assists
plant breeders in understanding how the selection or improve-
ment of one trait may influence other traits, enabling indirect
selection strategies. Enhancing wheat grain yield can be
achieved by focusing on traits that exhibit strong positive corre-
lations with yield. In this study, several significant correlations
were observed between the analyzed traits (Figure 3). Notably,
grain yield exhibited highly significant positive correlations with
biomass yield (0.92***), suggesting that genotypes with higher
biomass production tended to yield higher grain yields as well.
This finding aligns with the general understanding that in-
creased biomass accumulation can contribute to enhanced grain
yield potential. Furthermore, grain yield displayed significant
positive correlations with the number of grains per spike
(0.47**) and plant height (0.45*). These correlations indicate
that genotypes with more grains per spike and taller plant stat-
ure tended to produce higher grain yields in the evaluated du-
rum wheat genotypes. The positive association between grain
yield and plant height is consistent with some previous reports
(Mohammadi & Golkari, 2022; Laala et al., 2021), although con-
trasting results have also been documented (Schulthess et al.,
2017; Shyam etal., 2018), suggesting that the relationship may
be influenced by environmental factors and genetic back-
grounds. While grain yield exhibited non-significant positive
correlations with traits such as the number of spikes per square
meter (0.21), thousand kernel weight (0.19), and spike length
(0.26), it showed a non-significant negative correlation with
days to booting (-0.19). These weaker or non-significant correla-
tions suggest that the direct selection for these traits may have
a limited impact on improving grain yield in the studied durum
wheat genotypes. The analysis also revealed other noteworthy
correlations among various traits. For instance, biomass yield
demonstrated a highly significant positive correlation with plant
height (0.61**), indicating that taller genotypes tended to accu-
mulate higher biomass. Plant height, in turn, exhibited highly
significant positive correlations with spike length (0.52**) and a
significant positive correlation with the number of grains per
spike (0.41%).
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Interestingly, thousand kernel weight showed non-significant
positive correlations with spike length (0.23) but non-significant
negative correlations with the number of spikes per square me-
ter (-0.31) and the number of grains per spike (-0.30). These
findings suggest potential trade-offs between kernel size and
other yield components, which may need to be balanced in
breeding programs. Moreover, days to booting exhibited highly
significant positive correlations with days to heading (0.81***)
and days to maturity (0.84***), as well as a significant negative
correlation with peduncle length (-0.44*). However, it showed a
non-significant positive correlation with grain weight per spike
(0.22).

Cluster analysis

Cluster analysis was conducted on 30 genotypes of durum
wheat using variables including plant height, spike length, num-
ber of spikes per square meter, number of grains per spike, grain
weight per spike, thousand kernel weight, grain yield, and
biomass yield. As a result, the genotypes were segregated into
four clusters, as illustrated in Figure 4. Cluster | comprised 5
genotypes, accounting for 16.6% of the total genotypes, namely
NL 1787,NL 1774,NL 1785,NL 1767, and NL 1793. This cluster
encompassed genotypes characterized by the lowest values in
terms of thousand kernel weight, grain yield, and biomass yield.
Cluster Il was composed of 10 genotypes, representing 33.33%
of the total genotypes: NL 1789, NL 1776, NL 1786, NL 1791,
NL 1770, NL 1792, NL 1782, NL 1768, NL 1778, and NL 1783.
These genotypes exhibited the highest values in thousand ker-
nel weight (TKW) and ranked second in terms of the number of
spikes per square meter, grain yield, and biomass yield. Cluster
Il comprises 7 genotypes, accounting for 23.3% of the total
genotypes: NL 1772, NL 1769,NL 1779,NL 1773,NL 1794, and
KhajuraDurum1. This cluster is characterized by the highest
values in grain yield, biomass vyield, spike length, number of
grains per spike, and number of spikes per square meter, and it
ranks second in terms of thousand kernel weight. Cluster IV
comprised 8 genotypes, representing 26.6% of the total geno-
types: NL 1775, NL 1788, KhajuraDurum?2, NL 1781, NL 1777,
NL 1790, NL 1771, and NL 1780. This cluster encompasses gen-
otypes exhibiting intermediate values across almost all traits,
including plant height, spike length, number of spikes per square
meter, number of grains per spike, grain weight per spike, thou-
sand kernel weight, grain yield, and biomass yield.

Principle component analysis

PCA was use to enhance the distinct separation and categoriza-
tion of diverse traits of durum wheat genotypes. The PCA analy-
sis revealed that among five components (PC1, PC2, PC3, PC4,
and PC5), PC5 explained a significant proportion of variation
(0.89). Cumulative variance of 89.0% was shown by PC5 signify-
ing their importance (Table 5). Within all PCs, the first PC (0.30)
made the largest contribution to the total variance. The primary
traits influencing the first PC included grain yield, biomass yield,
plant height, spike length, and number of grains per spike.

Likewise, for the second PC, Days to Heading (DTH), Days to
Maturity (DTM), and number of spikes per square meter
emerged as the major contributors. Thousand kernel weight
(TKW), number of spikes per square meter, and grain weight per
spike were the key factors contributing to diversity in the third
PC. In the fourth PC, the maximum variation was attributed to
TKW, followed by grain weight per spike. Spike length and grain
weight per spike emerged as the major contributing traits for
PC5. The biplot illustrates the correlation between 30 durum
wheat genotypes and their component traits (Figure 5). Among
the 30 genotypes, grain yield exhibited a positive relationship
with both the number of grains per spike and biomass yield. The
PCA1 and PCA2 axes, justify 53.4% (30.4% and 23%, respec-
tively) of the total variation. The first component explained
53.4% of the variations and demonstrated strong correlations
with BY, GY, NGPS, PH, SL. This component could be called the
group of great performance under irrigated condition. The
second component explained 23% of the variations, having a
strong correlation with DTH, DTM, NSPM. NSPM has negative
correlation with DTH and DTM. Therefore, selecting genotype
with high PC1 and low PC2 is suitable. Among the genotypes,
NL 1769, NL 1772, NL 1789 and NL 1784 exhibited high grain
yield. These high-yielding genotypes also exhibited desirable
traits like biomass yield, spike length, plant height, number of
grains per spike, and number of spikes per meter square.

Conclusion

In conclusion, among the various genotypes evaluated, NL 1779
was the top-performing genotype in terms of yield, followed by
NL 1769, NL 1772, NL 1789, and NL 1784. These high-yielding
genotypes demonstrated favorable characteristics such as bio-
mass vyield, spike length, number of grains per spike, and number
of spikes per square meter. Notably, cluster Il comprised seven
genotypes, namely NL 1769, NL 1772, NL 1773, NL 1779, NL
1784, NL 1794, and KhajuraDurum1, which exhibited superior
traits related to grain yield, biomass yield, spike length, number
of grains per spike, and number of spikes per square meter. As a
result, these genotypes present promising candidates for inte-
gration into national breeding programs or for recommendation
inirrigated regions after further evaluation.
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