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Abstract
Durum wheat, the highly valued cereal for its hard, vitreous grain and superior protein content, is the second most widely cultivated wheat type globally, and it requires continuous genetic improvement to enhance yield stability. Identifying highly divergent parents is key for strategic hybridisation, aiming to maximise heterosis and yield potential. This study evaluated the genetic diversity among 130 durum wheat (Triticum durum L.) genotypes for 13 yield-attributing traits during the Rabi season (2022-2023) at Prayagraj, India. Analysis of variance (ANOVA) was performed to determine the significance of differences among the genotypes, which revealed highly significant differences (p < 0.01) for most traits, confirming substantial genetic variability.1 Correlation analysis, which was used to quantify the association between traits, showed crucial positive associations, including grain yield per spike with number of tillers per plant, number of spikelets per spike, and flag leaf width. Additionally, spike length was significantly correlated with 1000-grain weight, and plant height with biological yield. Cluster analysis was performed to determine the extent of genetic divergence, and it effectively grouped the 130 genotypes into 8 distinct clusters, with Clusters 3 (43 genotypes) and 2 (39 genotypes) being the largest, and Clusters 4, 5, and 8 being the most unique (one genotype each). The observed high inter-cluster divergence highlights the immense potential for selecting diverse parent lines from contrasting clusters (e.g., Cluster 4,5, or 8 times Cluster 2 or 3). The Principal Component Analysis (PCA) indicated that the overall variance was driven by components related to spike architecture, biomass, and grain weight. These genetically divergent genotypes should be strategically utilised in future hybridisation programs to maximise heterosis and accelerate genetic gain for enhanced grain yield in durum wheat.
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INTODUCTION 

Wheat (Triticum spp.), a staple crop of global significance, ranks as a primary source of calories and protein, covering approximately 17 per cent of the world's cropland (FAO, 2024; Shiferaw et al., 2013; Singh et al., 2024; Sanadi et al., 2023). This self-pollinated, monocotyledonous crop primarily includes common bread wheat (T. aestivum) and the subject of this study, durum wheat (Triticum durum Desf.) (Shewry, 2009). Durum wheat, a tetraploid species (AABB, 2n=4X=28), is the second most widely cultivated wheat type globally. It is highly valued for its hard, vitreous grain and superior protein content, making it the preferred raw material for pasta and semolina production (Sissons et al., 2020). Turkey is a leading durum wheat consumer in the Middle East and is also one of the largest producers of durum wheat in the world, with about 1.2 million sowing area and 3.9 million tonnes of annual production (Oktem & Oktem, 2019). Despite its critical nutritional role, durum cultivation, spanning over 13 million hectares worldwide, requires continuous genetic improvement to enhance yield stability (Kadkol & Sissons, 2016). Effective crop improvement fundamentally relies on the robust assessment of genetic variability within the breeding material (Acquaah, 2012). Genetic Diversity is the product of the recombination of genetic material (DNA) during the inheritance process, mutations, gene flow, and genetic drift, and it results in variations in DNA sequence, epigenetic profiles, protein structure or isoenzymes, physiological properties, and morphological properties (Salgotra & Chauhan, 2023). Since grain yield in wheat is a complex, polygenic trait, its enhancement is dependent on the selection efficiency applied to its component characters (Allard, 1999). Therefore, a prerequisite for any systematic breeding program is the quantification of the nature and magnitude of genetic variability. To achieve this, comprehensive biometrical approaches are essential. Correlation analysis provides insight into the directional relationship between various yield components and the final yield, while Path coefficient analysis (Dewey & Lu, 1959) further dissects these correlations into direct and indirect effects, offering precise selection indices. Crucially, the estimation of genetic divergence using biometrical techniques like Mahalanobis D-square statistics is fundamental for classifying genotypes into distinct clusters. Identifying highly divergent parents is key for strategic hybridisation, aiming to maximise heterosis and yield potential (Hayman, 1958). Keeping the necessity of characterising the genetic potential for yield enhancement in mind, the present investigation on durum wheat (Triticum durum L.) utilised these biometrical tools with two primary objectives: to study the genetic diversity among the evaluated genotypes for yield and its component traits; and to assess the extent of phenotypic and genotypic correlation among yield and its attributing traits.

Materials and Methods
Experimental Site and Material
The investigation was conducted during the Rabi season of 2022-2023 at the Field Experimentation Centre of the Department of Genetics and Plant Breeding, Naini Agricultural Institute, Sam Higginbottom University of Agriculture Technology and Sciences (SHUATS), Prayagraj (U.P.), India. The experimental site is geographically located at 25.57 degrees North latitude, 81.56 degrees East longitude, and 98 meters above mean sea level. The soil type was characterised as sandy loam, low in organic carbon and major nutrients. The experimental material comprised a total of 130 genotypes of durum wheat (120 test genotypes and 10 checks), procured from the International Centre for Agricultural Research in the Dry Areas (ICARDA), Bhopal (M.P.).
Experimental Design and Plot Management
The experiment was established using an Augmented Design with three blocks to accommodate the 130 genotypes. The test genotypes were unreplicated, while the 10 check varieties were replicated across the three blocks for error estimation, as per the method suggested by Federer (1956). The total gross experimental area was 1128 square meters. Planting was conducted on 18/11/2022, maintaining a row-to-row spacing of 20 centimetres.
Data Collection
Observations were recorded on 13 quantitative traits. Plot-based observations were taken for: Days to 50 per cent Heading (recorded in days from sowing to 50 per cent ear emergence) and Days to 90 per cent Maturity (days from sowing to 90 per cent physiological maturity). Plant-based observations were recorded on ten randomly selected competitive plants per plot for: Plant Height (cm, excluding awns), Flag Leaf Length (cm), Flag Leaf Width (cm), Number of Effective Tillers per Plant, Length of Main Spike (cm), Awn Length (cm), Number of Spikelets per Spike, Peduncle Length (cm), 1000-grain Weight (grams), Biological Yield per Plant (grams, sun-dried biomass), and Grain Yield per Plant (grams).
Statistical Analysis
The collected data were subjected to standard biometrical procedures. Analysis of Variance (ANOVA) for the Augmented Randomised Block Design was performed (Federer, 1956) to determine the significance of differences among the genotypes. Basic descriptive statistics, including mean, range, and standard error, were computed. Variability was estimated through Environmental Variance (Sigma square e), Phenotypic Variance (Sigma square p), and Genotypic Variance (Sigma square g), calculated as Phenotypic Variance minus Environmental Variance. The Coefficient of Variation (CV) was calculated as the ratio of standard deviation to the mean, multiplied by 100. Correlation Analysis (Pearson coefficient) was used to quantify the association between traits. Both Phenotypic correlation (r-xy-p) and Genotypic correlation (r-xy-g) were calculated using their respective covariance and variance components. For example, r-xy-g was calculated as the Genotypic Covariance between X and Y divided by the square root of the product of Genotypic Variance for X and Genotypic Variance for Y. Finally, Cluster Analysis based on Mahalanobis D-square statistics was performed to determine the extent of genetic divergence and group the 130 genotypes.

Chart 1: Genotypes by ICARDA 
	s.no
	Genotype
	s. no.
	Genotype

	1
	CANNI-220
	66
	IARIHI 8805

	2
	MEDIANO
	67
	AUREO

	3
	QUAORATO
	68
	ALEMUMO

	4
	ELATA-16
	69
	LOUTOS-2

	5
	GDP
	70
	CANELO

	6
	IARI482
	71
	BELIKH-1

	7
	(GDPHI8737),GDPMARJARIA
	72
	IARIMAES-4058d

	8
	GDP-ARLANGELO
	73
	MASSARA-1

	9
	299-16
	74
	BULLARAN

	10
	GDP-CAPALLI
	75
	GDPOUT-RAB-5

	11
	GDP-CICCIO
	76
	OMGONLL-2

	12
	IARIDBP-01-16
	77
	SYRION-1

	13
	GDP-COLOSSFO
	78
	IARIMPO-12255

	14
	CRESO
	79
	LAHONIL-3

	15
	GDPDUREX
	80
	GQ4X-4

	16
	GDP-PLATANI
	81
	GDP-255

	17
	GDP-IRINAKRIA
	82
	EL4X13

	18
	IARI-HI8708
	83
	EL4X27

	19
	GDP-TROVVE
	84
	NIDW-15

	20
	DAWRYT-0308
	85
	EL4X31

	21
	GDP-PC
	86
	EL4X49

	22
	GDPKAMOTOR
	87
	EL4X65

	23
	GDPIDON 37-010
	88
	GINCHI

	24
	HI-8751
	89
	DAVRUR

	25
	GDP-DUASARA-1
	90
	IARI-1DW295(godwar)

	26
	I DON37-033
	91
	ESDCB-2015/2016-82

	27
	I DON37-141
	92
	DON-RICARD4

	28
	ICAMBEL 103
	93
	BDNEARENSE-202

	29
	KUNMIKI104
	94
	CBN08131

	30
	IARIHI 8791
	95
	MCHCB-0103

	31
	ICAKASSEM-1
	96
	NIOW-1149(d)

	32
	ICAKASSEM-2
	97
	GK-BETDUR

	33
	GDPAWALBITFODDA98
	98
	ALM43

	34
	SEBAH
	99
	SSD-047/376

	35
	AGHRASS-1
	100
	SSD-400/393

	36
	A-9-30-1
	101
	SSD 453

	37
	KOFLA-CHAM3H5
	102
	IARINP404

	38
	LAGMIL-2
	103
	SS4-50D

	39
	NAAMOAR-1
	104
	BLANUCCIA

	40
	NILE
	105
	FARRO-LUMGO

	41
	GDPOUTRAB-6
	106
	SCOR-SONERA

	42
	IARIHD4672
	107
	GDP-SAMMAITIRANA

	43
	GDPOUA SERL-1
	108
	PDW-274

	44
	GDPSEBATEL -1
	109
	CANUBASCI4

	45
	TUNSUR
	110
	GDP-AKBASAK

	46
	GDPGEROMLAL-3
	111
	TIMILIA

	47
	GDPCAPARIO
	112
	HARLEIJOMME,27

	48
	IARIHD4713
	113
	KARSHA-2

	49
	MCHCB0213
	114
	ICARMARAME -7

	50
	SAINTY
	115
	IARIRAJ-1555

	51
	DA-AURARA(EX4AD095709)
	116
	ATIL-C2000

	52
	GDP-EXTRADUS
	117
	GDP-RN31NIGS–4/3/C

	53
	1A105t106/210B88/1A
	118
	GDPFORAJ

	54
	IARIHI 4728
	119
	MEXICAFT375

	55
	VALNOVA
	120
	IARIGAS 446

	56
	KAM(KARIM)
	121
	HI1531

	57
	STOJOCRI3
	122
	HI8713

	58
	GDPHIEDER
	123
	HI8663

	59
	GDPTERBOL-97-3
	124
	MACS4058

	60
	IARIHI8737
	125
	UAS446

	61
	JILOCA
	126
	K1317

	62
	JUBATO
	127
	HI8737

	63
	GDPNSJASTREB
	128
	DBW187

	64
	GDP-OLIMPIK
	129
	AKWD299716

	65
	GDP-ZARDAK
	130
	HI8627



Results and Discussion
The experimental findings are systematically presented below, covering the Analysis of Variance, mean performance, correlation studies, and genetic divergence analysis.
Analysis of Variance and Genotypic Performance
The Analysis of Variance (ANOVA) for the Augmented Design confirmed the high effectiveness of the experimental material in capturing genetic variation. Significant differences were observed among the 130 genotypes for all 13 quantitative characters under study, with the notable exception of Flag Leaf Width (FLW) and Biological Yield (BY), for which the differences were non-significant across the treatments. This highly significant variability for the majority of traits confirms the material’s suitability for effective selection.
The Mean Performances across the genotypes showed a substantial phenotypic range. Days to 50 per cent Heading (DH) averaged 82.85 days (range: 70 to 92 days), and Days to 90 per cent Maturity (DM) averaged 147.83 days (range: 135 to 157 days), with GDP-EXTRADUS (157 days) recording the maximum duration. Plant Height (PH) demonstrated a broad range (73 cm to 158 cm) around an average of 92.92 cm, notably maximised by GDP-CAPALLI (158.08 cm). Key yield components also showed wide variation: Number of Effective Tillers per Plant (NTT) averaged 6.04 (max: 9.1 by GDP SEBATEL -1), Length of Main Spike (SL) averaged 7.5 cm (max: 14.08 cm by IARI HI 4728), and Number of Spikelets per Spike (SPIKELETS) averaged 15.2 (max: 20.5 by ELATA-16). Crucially, the 1000-grain Weight (TW) averaged 36.9 grams, reaching a maximum of 49.9 grams (IARI-HI 8708), and the mean for Grain Yield per Plant (SEED/SPIKE) was 59.4, with ELATA-16 achieving the highest mean of 82.5. This substantial range in yield components underscores the immense potential for selecting superior genotypes from the population.
Correlation Coefficient Analysis
The phenotypic correlation analysis provided critical insights into the inter-relationships among the traits, which is fundamental for indirect selection. Days to 50 per cent Heading (DH) showed a positive and significant correlation with Days to Maturity (DM), Number of Effective Tillers per Plant (NTT), and Flag Leaf Width (FLW). Plant Height (PH) was positively and significantly correlated with Peduncle Length (PL), Awn Length (AL), and Biological Yield (BY). Traits directly impacting yield showed strong beneficial associations: Length of Main Spike (SL) exhibited a positive and significant correlation with 1000-grain Weight (TW). Furthermore, Flag Leaf Width (FLW), Flag Leaf Length (FLL), Number of Effective Tillers per Plant (NTT), Number of Spikelets per Spike (SPIKELETS), Awn Length (AL), and Biological Yield (BY) all demonstrated positive and significant correlations with Grain Yield per Plant (SEED/SPIKE). These findings strongly indicate that these component traits serve as reliable indices for effective indirect selection aimed at enhancing grain yield in durum wheat.
Genetic Diversity and Principal Component Analysis
Euclidean Cluster Analysis was employed to assess the genetic divergence, successfully partitioning the 130 genotypes into 8 distinct clusters. Cluster 3 (43 genotypes) and Cluster 2 (39 genotypes) were the largest, followed by Cluster 1 and Cluster 6 (16 genotypes each), Cluster 7 (13 genotypes), while Clusters 4, 5, and 8 were the smallest, each containing only one genotype.
Analysis of the Cluster Mean Values revealed significant divergence, aiding in the identification of potential parents. Cluster 4 was the most promising, exhibiting the highest mean values for several critical traits, including Grain Yield per Plant (82.50), Number of Effective Tillers per Plant (9.10), Number of Spikelets per Spike (20.50), Flag Leaf Width (2.39 cm), and Flag Leaf Length (55.68 cm). Cluster 2 recorded the highest mean for 1000-grain Weight (41.48 grams). Conversely, Cluster 5 showed the highest means for Plant Height (158.08 cm) and Biological Yield (7.10 grams). The presence of highly divergent clusters, particularly those with superior mean values for yield components, provides a strong basis for selecting diverse parents for future hybridisation programs.
Principal Component Analysis (PCA) indicated that the first few Principal Components (PCs) captured the majority of the cumulative variance, with the first PC (PC1) contributing 0.2007 to the total variance. The major traits driving the variability in the most influential PCs were: PC1 (Spike Length, Awn Length, Biological Yield, 1000-grain Weight); PC2 (Plant Height, Peduncle Length, Awn Length, Spikelets per Spike); and PC3 (Flag Leaf Length, Flag Leaf Width, Spikelets per Spike, Number of Tillers per Plant). This suggests that spike morphology, biomass, and plant stature are the primary drivers of genetic variability in this durum wheat germplasm.




















	Sr. No.
	Source of variation
	Mean Sum of Squares (MSS)

	
	
	Block (ignoring treatments
	Treatments (eliminating blocks)
	Checks
	Varieties+
Checks vs Varieties
	Error

	
	Degree of freedom
	11
	129
	9
	120
	99

	1
	Plant Height
	253.7**
	435.41**
	595.69**
	423.39**
	171.53

	2
	Days of Heading
	74.686**
	21.112**
	21.926**
	21.051**
	19.237

	3
	Flag leaf Length
	34.084**
	15.978**
	24.463**
	15.342**
	9.036

	4
	Flag Leaf Width
	0.311
	0.029
	0.034
	0.029
	0.02

	5
	Days to Maturity
	75.203**
	21.031**
	21.926**
	20.964**
	19.238

	6
	Spike Length
	3.931**
	1.742**
	9.539**
	1.157**
	1.259

	7
	Peduncle Length
	75.742**
	35.839**
	159.37**
	26.574**
	28.601

	8
	Awn Length
	10.155**
	7.889**
	69.549**
	3.265
	0.291

	9
	Number of Tillers
	10.037**
	1.164**
	2.01**
	1.1**
	0.896

	10
	No. of Spikelets/Spike
	19.621**
	22.111**
	54.155**
	19.708**
	1.435

	11
	Test Weight
	54.677**
	55.654**
	209.29**
	44.131**
	1.114

	12
	Biological Yield
	0.986
	1.109
	8.042
	0.589
	0.025

	13
	Seed/Spike
	216.06**
	143.16**
	902.4**
	86.217**
	19.784



Table 1: Analysis of variance (ANOVA) among Durum Wheat genotypes for 13 quantitative traits.

	Variable
	Mean
	SEMean
	StDev
	CoefVar
	Minimum
	Maximum

	PH
	92.92
	1.76
	20.07
	21.60
	73.81
	158.08

	DH
	82.853
	0.420
	4.789
	5.78
	70.000
	92.000

	FLL
	25.538
	0.326
	3.719
	14.56
	15.410
	55.680

	FLW
	1.6654
	0.0179
	0.2043
	12.27
	1.2000
	2.3900

	DM
	147.83
	0.420
	4.79
	3.24
	135.00
	157.00

	SL
	7.5614
	0.0948
	1.0813
	14.30
	4.6700
	14.0800

	PL
	37.642
	0.477
	5.437
	14.44
	24.220
	56.980

	AL
	10.647
	0.179
	2.039
	19.15
	5.250
	14.270

	NTT
	6.048
	0.102
	1.159
	19.16
	3.100
	9.100

	SPIKELETS
	15.299
	0.393
	4.479
	29.28
	10.100
	20.500

	TW
	36.990
	0.574
	6.547
	17.70
	22.100
	49.900

	BY
	4.2687
	0.0710
	0.8093
	18.96
	2.3000
	7.1000

	SEED/SPIKE
	59.444
	0.882
	10.062
	16.93
	35.000
	82.500


Table 2: Descriptive Statistics.





	Traits
	PH
	DH
	FLL
	FLW
	DM
	SL
	PL
	AL
	NTT
	SPIKELETS
	TW
	BY
	SEED/SPIKE

	PH
	1
	0.061NS
	0.006NS
	-0.008NS
	0.064NS
	0.076NS
	0.525**
	0.184*
	0.015NS
	0.127NS
	-0.059NS
	0.312**
	0.092NS

	DH
	
	1
	0.092NS
	0.224*
	0.998**
	0.026NS
	-0.020NS
	0.134NS
	0.189*
	0.063NS
	0.104NS
	0.103NS
	0.069NS

	FLL
	
	
	1
	0.351**
	0.091NS
	-0.086NS
	0.126NS
	-0.002NS
	0.222*
	0.076NS
	-0.030NS
	-0.031NS
	0.199*

	FLW
	
	
	
	1
	0.224*
	-0.046NS
	0.120NS
	0.056NS
	0.278**
	0.122NS
	0.048NS
	0.157NS
	0.264**

	DM
	
	
	
	
	1
	0.032NS
	-0.018NS
	0.138NS
	0.186*
	0.064NS
	0.108NS
	0.108NS
	0.070NS

	SL
	
	
	
	
	
	1
	0.058NS
	-0.079NS
	-0.188*
	0.025NS
	0.185*
	0.149NS
	0.037NS

	PL
	
	
	
	
	
	
	1
	0.195*
	-0.071NS
	-0.040NS
	0.149NS
	0.182*
	0.006NS

	AL
	
	
	
	
	
	
	
	1
	-0.031NS
	0.238**
	0.031NS
	0.254**
	0.317**

	NTT
	
	
	
	
	
	
	
	
	1
	0.162NS
	0.063NS
	0.072NS
	0.231**

	SPIKELETS
	
	
	
	
	
	
	
	
	
	1
	-0.090NS
	0.082NS
	0.514**

	TW
	
	
	
	
	
	
	
	
	
	
	1
	0.160NS
	-0.110NS

	BY
	
	
	
	
	
	
	
	
	
	
	
	1
	0.185*

	SEED/SPIKE
	
	
	
	
	
	
	
	
	
	
	
	
	1


Table 3: Estimation of genotypic correlation coefficient for Durum Wheat yield component characters in Durum Wheat genotypes.
PH- Plant Height, DH- Days of Heading, FLL- Flag leaf length, FLW- Flag Leaf Width, DM- Days to maturity, SL- Spike Length, PL- peduncle Length, AL- Awn length, NTT- No. of Tillers, SPIKELETS- No. of Spikelets Per spike, TW- Test Weight, BY- Biological Yield, SEED/SPIKE- Seed Per Spike
Fig 1: Euclidean clustering of durum wheat genotypes based on agro-morphological traits.[image: ]

	Cluster no. 
	No. of genotypes under cluster

	1
	39

	2
	16

	3
	43

	4
	1

	5
	1

	6
	16

	7
	13

	8
	1


Table 4: Distribution of durum wheat genotypes based on Euclidean cluster










	Group.1 
	PH
	DH
	FLL
	FLW
	DM
	SL
	PL
	AL
	NT
	SPIKELETS
	TW
	BY
	SEED/SPIKE

	1
	86.87756
	83.95513
	23.9575
	1.590017
	148.9551
	7.73897
	36.5113
	10.12592
	5.87586
	13.43547
	41.0182
	4.16303
	53.14722

	2
	102.0828
	83.60417
	27.6135
	1.821406
	148.6042
	7.46208
	44.73755
	10.61516
	5.98281
	15.03542
	41.4833
	4.41823
	58.41771

	3
	91.67665
	84.90504
	25.0876
	1.714202
	149.905
	7.77103
	36.54072
	11.57923
	6.22674
	16.50000
	34.6023
	4.46454
	66.50581

	4
	82.22000
	87.00000
	55.6800
	2.390000
	152.0000
	7.3200
	34.24000
	10.0000
	9.1000
	20.50000
	33.6000
	5.2000
	82.5000

	5
	158.0800
	88.00000
	23.3800
	1.700000
	153.0000
	7.8900
	52.5400
	13.9100
	6.5000
	18.40000
	38.5000
	7.1000
	74.2000

	6
	95.58344
	72.62500
	25.1725
	1.545625
	137.625
	7.50063
	38.11375
	10.05938
	5.5625
	14.51250
	35.1813
	4.40625
	57.93125

	7
	87.25615
	83.53846
	27.5923
	1.629231
	148.3077
	6.49385
	34.86923
	9.545385
	6.33846
	14.29231
	29.7615
	3.29231
	55.30769

	8
	111.8000
	85.00000
	24.4600
	1.640000
	150.0000
	7.9800
	32.5800
	12.4700
	6.6000
	17.90000
	35.4000
	4.3000
	57.9000



Table 5: Mean performance of genotypes under different clusters.
PH- Plant Height, DH- Days of Heading, FLL- Flag leaf length, FLW- Flag Leaf Width, DM- Days to maturity, SL- Spike Length, PL- peduncle Length, AL- Awn length, NTT- No. of Tillers, SPIKELETS- No. of Spikelets Per spike, TW- Test Weight, BY- Biological Yield, SEED/SPIKE- Seed Per Spike






	Variables
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12
	PC13

	PH
	-0.2019
	0.4517
	-0.2215
	0.1084
	-0.3239
	0.1848
	0.3794
	0.1241
	0.0224
	0.0573
	0.0647
	-0.6229
	0.0015

	DH
	-0.4363
	-0.3943
	-0.2934
	-0.1451
	-0.1659
	0.1012
	-0.0083
	0.0276
	0.012
	0.0359
	-0.0702
	0.0494
	0.7068

	FLL
	-0.2187
	-0.0541
	0.2651
	0.501
	0.0346
	0.2929
	-0.3208
	0.0265
	0.615
	0.2191
	0.0959
	-0.0445
	0.0001

	FLW
	-0.3363
	-0.0734
	0.1783
	0.3753
	0.1974
	0.0598
	-0.1565
	-0.3785
	-0.6453
	-0.0387
	0.1974
	-0.2042
	0

	DM
	-0.4374
	-0.3907
	-0.2968
	-0.1471
	-0.1623
	0.1013
	-0.0106
	0.027
	0.0133
	0.0364
	-0.0687
	0.0467
	-0.7074

	SL
	-0.009
	0.1302
	-0.2916
	-0.1868
	0.575
	0.5548
	-0.0326
	-0.0133
	0.111
	-0.3882
	0.2418
	0.0448
	0.0029

	PL
	-0.1493
	0.4311
	-0.2677
	0.3928
	-0.1928
	0.091
	-0.1296
	0.2574
	-0.2189
	-0.1187
	-0.1748
	0.5872
	-0.0006

	AL
	-0.267
	0.2835
	0.0064
	-0.2889
	-0.189
	-0.3863
	-0.5184
	-0.0312
	0.1558
	-0.3716
	0.3742
	-0.0884
	0.0023

	NTT
	-0.2679
	-0.168
	0.2688
	0.2438
	0.0994
	-0.3111
	0.5761
	0.2247
	0.1458
	-0.4418
	0.2013
	0.1491
	-0.0022

	SPIKELETS
	-0.2639
	0.1816
	0.3595
	-0.3717
	0.105
	0.1336
	0.0828
	0.3797
	-0.1897
	0.5009
	0.3446
	0.2109
	0.0003

	TW
	-0.0746
	-0.0174
	-0.3407
	0.1633
	0.5457
	-0.436
	-0.1738
	0.4498
	-0.0221
	0.2125
	-0.1277
	-0.2627
	0.0025

	BY
	-0.256
	0.3071
	-0.1946
	-0.0447
	0.2224
	-0.2815
	-0.2639
	0.612
	0.2491
	0.3249
	-0.0342
	0.2421
	0.0017

	SEED.SPIKE
	-0.3322
	0.2011
	0.4031
	-0.2341
	0.1713
	0.0824
	-0.0569
	0.0161
	0.0178
	-0.212
	-0.7296
	-0.1213
	0.0001

	Statistics
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12
	PC13

	Standard deviation
	1.6153
	1.3533
	1.2979
	1.1376
	1.0692
	0.9728
	0.9233
	0.8753
	0.7739
	0.7181
	0.646
	0.5824
	0.0384

	Proportion of Variance
	0.2007
	0.1409
	0.1296
	0.0995
	0.0879
	0.0728
	0.0656
	0.0589
	0.0461
	0.0397
	0.0321
	0.0261
	0.0001

	Cumulative Proportion
	0.2007
	0.3416
	0.4712
	0.5707
	0.6586
	0.7314
	0.797
	0.8559
	0.902
	0.9417
	0.9738
	0.9999
	1

	Eigenvalues
	2.6093
	1.8313
	1.6845
	1.2941
	1.1432
	0.9463
	0.8525
	0.7661
	0.599
	0.5157
	0.4173
	0.3392
	0.0015



Table 6: Principal Component Analysis among 130 durum wheat genotypes.
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Fig 2: Eigen values, variance and cumulative variation of the principal components based on the correlation matrix for twenty quantitative traits; 
[image: ] Eigen vector










Fig 3: Scatter Plot Matrix 


The successful development of high-yielding durum wheat varieties necessitates a clear understanding of the genetic variability and the inter-relationships between yield components. The present investigation quantified this genetic diversity among 130 durum wheat genotypes, providing a robust foundation for breeding decisions.
Analysis of Variance and Genetic Variability
The fundamental requirement for any successful crop improvement program is the presence of ample genetic variability. The Analysis of Variance revealed highly significant differences among the 130 genotypes for almost all the studied characters, including Days to Maturity (DM), Plant Height (PH), Length of Main Spike (SL), Number of Effective Tillers per Plant (NTT), Number of Grains per Spike (SEED/SPIKE), and 1000-grain Weight (TW). This finding confirms that the germplasm possesses sufficient diversity for these traits, which is essential for initiating effective selection, aligning with previous reports in durum wheat (Hussain et al., 2021; Mohammadi et al., 2020). The existence of a wide Range in mean performances, such as the maximum variation observed in PH (73.81 to 158.08 cm), NTT (3.1 to 9.1), TW (22.1 to 49.9 g), and SEED/SPIKE (35 to 82.5), further substantiates the potential for selecting high-performing segregants (Azene et al., 2020).
Correlation Studies
Since grain yield is a complex polygenic trait, selection based on its correlated component traits is often more efficient. The Correlation analysis indicated that several yield components exhibited positive and significant phenotypic association with Grain Yield per Plant (SEED/SPIKE). Key traits showing this beneficial relationship included Number of Effective Tillers per Plant (NTT), Flag Leaf Width (FLW), Flag Leaf Length (FLL), Number of Spikelets per Spike (SPIKELETS), Awn Length (AL), and Biological Yield (BY). The strong positive correlation between SEED/SPIKE and NTT, SPIKELETS, and BY suggests that improving the number of fruiting tillers and spike fertility will directly enhance final yield, corroborating findings by various researchers (Mohammadi et al., 2020; Tesfaye & Walker, 2023). Furthermore, the significant positive correlation between Length of Main Spike (SL) and 1000-grain Weight (TW) is favourable, suggesting simultaneous improvement in both spike size and grain filling capacity. However, the observed significant negative correlation between SL and NTT necessitates a careful, balanced selection approach, as increasing one trait may inadvertently reduce the other.
Genetic Diversity and Principal Component Analysis
The Euclidean Cluster Analysis successfully classified the 130 genotypes into 8 distinct clusters, affirming the utility of this statistical approach in quantifying genetic divergence. The presence of single-genotype clusters (Clusters 4, 5, and 8) is highly significant, as these genotypes are genetically the most unique and highly divergent from the rest of the population. Cluster 4 was identified as the most desirable group for yield improvement, exhibiting the highest mean value for Grain Yield per Plant (82.50) and superior means for Number of Effective Tillers per Plant and Number of Spikelets per Spike. Cluster 2 was designated as a potential donor for quality traits, showing the highest mean for 1000-grain Weight (41.48 g). The principle of using genetically divergent parents from contrasting clusters (e.g., Cluster 4 multiplied by Cluster 2) is highly recommended to maximise heterosis and isolate transgressive segregants with enhanced yield and quality traits, a strategy strongly supported by previous studies on genetic divergence in durum wheat (Tesfaye & Walker, 2023; Dejene et al., 2015). The Principal Component Analysis (PCA) indicated that the overall variance was primarily driven by traits related to spike morphology, biomass partitioning, and grain weight (PC1 contributions: SL, AL, BY, and TW), confirming these primary components as the focus of direct selection in future breeding cycles.
Summary 
The present study successfully assessed the genetic diversity and correlation patterns among 130 durum wheat genotypes for thirteen quantitative characters. The analysis of variance confirmed the substantial genetic variability available within the germplasm. Phenotypic evaluation revealed a wide performance range, with specific superior genotypes identified, such as ELATA-16 (highest grain yield per plant, 82.5) and KARSHA-2 (dwarf, 73 cm). The earliest heading was recorded for SSD 453 (70 days), demonstrating clear differentiation in phenology.
Correlation analysis provided valuable information for selection strategies, as several traits, including Number of Effective Tillers per Plant, Number of Spikelets per Spike, and Biological Yield, exhibited significant positive associations with Grain Yield per Plant. This confirms their utility as reliable indirect selection indices. Furthermore, the strong positive correlation of Days to Maturity with NTT and Plant Height with PL, AL, and BY further supports indirect trait selection.
The multivariate analysis successfully classified the genotypes into 8 distinct clusters, confirming the high genetic heterogeneity. PCA indicated that the overall variance was driven by components related to spike architecture, biomass, and grain weight.
Conclusion 
In conclusion, the study unequivocally confirms the presence of extensive genetic diversity among the 130 durum wheat genotypes, fulfilling the first objective. The strong positive and significant correlations established between key traits—particularly Number of Effective Tillers per Plant, Number of Spikelets per Spike, and Biological Yield—and Grain Yield per Plant, address the second objective by identifying reliable component traits for use as indirect selection indices. The identification of genetically divergent, high-yielding genotypes (like ELATA-16) and those with desirable quality traits (high 1000-grain weight in Cluster 2) offers specific donor lines that should be strategically utilised in targeted hybridisation programs to exploit maximum heterosis and achieve superior genetic gains in durum wheat.
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APPENDIX



	Sr.No.
	Genotype
	PH
	DH
	FLL
	FLW
	DM
	SL
	PL
	AL
	NTT
	SPIKELETS
	TY
	BY
	SEED/SPIKE

	1
	CANNI-220
	79.66
	82
	25.94
	2.05
	147
	8.31
	32.65
	11.8
	4.3
	14.5
	40.2
	5.3
	60.2

	2
	MEDIANO
	75.07
	82
	23.28
	1.8
	147
	7.9
	33.56
	7.44
	6.3
	18
	39.1
	5.3
	73.6

	3
	QUAORATO
	84.86
	85
	25.61
	1.57
	150
	7.6
	34.84
	11.33
	5.1
	14
	46.4
	4
	56.9

	4
	ELATA-16
	82.22
	87
	24.51
	1.88
	152
	7.32
	34.24
	10
	4.9
	20.5
	33.6
	5.2
	82.5

	5
	GDP
	84.71
	86
	15.41
	1.81
	151
	8.62
	35.05
	7.25
	5
	16.8
	33.6
	3.7
	66.1

	6
	IARI 482
	82.69
	82
	25.5
	1.7
	147
	7.9
	32.33
	9.39
	3.8
	17.2
	29.8
	5.2
	68.9

	7
	(GDPHI8737),GDP MARJARIA
	82.16
	85
	21.16
	1.88
	150
	7.57
	34.26
	10.73
	5.9
	16.6
	31.9
	4.4
	67.2

	8
	GDP-ARLANGELO
	83.6
	85
	26.53
	1.68
	150
	7.91
	40.44
	12.56
	5
	17.1
	34.9
	4.4
	69.1

	9
	299-16
	101.35
	85
	29.01
	1.91
	150
	7.31
	46.74
	12.55
	5.1
	16.4
	31.4
	3.6
	66.8

	10
	GDP-CAPALLI
	158.08
	88
	23.38
	1.7
	153
	7.89
	52.54
	13.91
	6.5
	18.4
	38.5
	7.1
	74.2

	11
	GDP-CICCIO
	79.57
	86
	22.61
	1.3
	151
	7.35
	31.73
	11.38
	5.9
	14.4
	46.5
	5.3
	58.2

	12
	IARI DBP-01-16
	79.59
	82
	26.55
	1.41
	147
	7.74
	34.01
	10.86
	6
	14.2
	46.9
	3.6
	57.4

	13
	GDP-COLO SSFO
	86.28
	71
	26.5
	1.53
	136
	6.76
	33.93
	12.38
	6
	13.6
	40.1
	4.3
	54.8

	14
	CRESO
	76.72
	86
	23.14
	1.56
	151
	6.79
	33.93
	7.8
	7.1
	11.3
	41.7
	3.8
	45.5

	15
	GDP DUREX
	84.59
	80
	25.04
	1.64
	145
	8.76
	34.72
	10.41
	6.3
	13.5
	38.7
	3.4
	54.7

	16
	GDP-PLATANI
	78.09
	82
	25.04
	1.73
	147
	7.53
	34.17
	14.05
	5.4
	12.6
	47.8
	3.6
	49.5

	17
	GDP-IRINAKRIA
	103.8
	87
	22.58
	1.55
	152
	6.57
	36.92
	8.16
	7.9
	11.6
	37.8
	3.7
	46.9

	18
	IARI-HI 8708
	82.29
	90
	24.07
	1.63
	155
	6.62
	35.1
	8.52
	8.8
	12.3
	49.9
	3.5
	48.9

	19
	GDP-TROVVE
	86.9
	87
	23.33
	1.42
	152
	7.26
	32.18
	8.55
	5.5
	13.9
	39.1
	3.3
	54.9

	20
	DAWRYT-0308
	79.99
	82
	25.98
	1.32
	147
	7.5
	37.05
	9.78
	6.7
	13.2
	41.4
	4.5
	53.4

	21
	GDP-PC
	82.07
	73
	23.28
	1.58
	138
	7.57
	33.33
	5.25
	3.9
	11.5
	32.5
	4
	46.4

	22
	GDP KAMOTOR
	80.48
	83
	22.82
	1.69
	148
	6.82
	35.9
	8.53
	3.9
	15.2
	30.1
	4
	60.7

	23
	GDP I DON 37-010
	80.11
	85
	22.38
	1.44
	150
	9.04
	33.44
	9.78
	4.3
	14.5
	44.2
	4.4
	58.9

	24
	HI-8751
	100.46
	84
	27.62
	1.68
	149
	9.07
	34.54
	9.35
	4.8
	14.9
	49.1
	4.9
	60.3

	25
	GDP-DUASARA-1
	89.26
	72
	25.47
	1.21
	137
	8.58
	32.71
	7.32
	5.1
	15.3
	41.3
	4.6
	62.1

	26
	I DON 37-033
	87.32
	71
	24.1
	1.52
	136
	8.33
	41.76
	8.56
	5.7
	12.4
	34.7
	3.5
	49.3

	27
	I DON 37-141
	75.84
	71
	23.92
	1.5
	136
	7.67
	35.43
	8.4
	4.3
	11.9
	36.7
	4.1
	46.4

	28
	I CAMBEL 103
	74
	71
	24.57
	1.53
	136
	8.14
	39.5
	8.39
	4.9
	12.2
	34.8
	4.7
	48.8

	29
	KUNMIKI 104
	83.41
	85
	21.47
	1.55
	150
	7.68
	34.65
	9.17
	4.2
	17.2
	37.5
	4.8
	70.7

	30
	IARI HI 8791
	95.88
	88
	26.83
	1.6
	153
	8.63
	35.36
	7.33
	4.1
	12.8
	40
	4.1
	51.5

	31
	ICA KASSEM -1
	80.64
	83
	23.09
	1.63
	148
	7.54
	34.27
	13.06
	4.9
	13.8
	25.3
	5.1
	55.4

	32
	ICA KASSEM-2
	78.56
	85
	23.57
	1.59
	150
	7.36
	34.44
	12.87
	9
	13.5
	42.9
	4.1
	54.6

	33
	GDPA WALBIT FODDA 98
	106.19
	84
	25.2
	1.544
	149
	5.89
	34.04
	13.23
	6.6
	14.8
	29.4
	5.4
	59.2

	34
	SEBAH
	87
	83
	25.79
	1.52
	148
	8.8
	39.96
	13.61
	6.1
	19.5
	42.5
	3.2
	78.7

	35
	AGHR ASS-1
	90.94
	85
	26.94
	1.56
	150
	7.23
	46.5
	11.89
	7.3
	15
	34.7
	5.4
	60.7

	36
	A-9-30-1
	131.26
	81
	28
	1.6
	146
	7.47
	34.93
	13.81
	8.1
	17.1
	38.2
	3.6
	69.1

	37
	KOFLA-CHAM 3H5
	104.73
	91
	24.74
	1.66
	156
	7.85
	35.39
	11.87
	7.2
	13.9
	39.3
	5.2
	56.2

	38
	LAGMIL-2
	95.06
	72
	21.51
	1.51
	137
	5.96
	34.93
	13.51
	6.3
	19.8
	38.4
	4.3
	79.8

	39
	NAAMOAR-1
	83.2
	85
	24.69
	1.44
	150
	8.21
	34.9
	11.46
	6.7
	19.8
	46.2
	4.1
	79.9

	40
	NILE
	88.01
	84
	22.26
	1.68
	149
	4.67
	37.59
	13.84
	5.3
	16.9
	43.1
	6.3
	68.1

	41
	GDP OUTRAB-6
	95.94
	87
	26.2
	1.78
	152
	7.16
	32.74
	8.68
	6.9
	15.6
	33.2
	4
	62.1

	42
	IARI HD 4672
	95.35
	90
	28.9
	1.95
	155
	7.24
	42.69
	12.13
	8.3
	14.2
	44.7
	5.6
	57.5

	43
	GDP OUA SERL-1
	87.31
	82
	27.29
	1.87
	147
	6.96
	41.07
	11.26
	6.3
	15.3
	40.7
	5.4
	62.1

	44
	GDP SEBATEL -1
	83.13
	85
	28.3
	2.05
	150
	8.04
	38.62
	8.08
	9.1
	14.9
	40.1
	4.1
	58.3

	45
	TUNSUR
	89.83
	86
	25.32
	1.79
	151
	7.05
	41.27
	11.51
	7.7
	15.9
	30.2
	5.5
	63.9

	46
	GDP GEROMLAL-3
	81.65
	85
	28.88
	2.05
	150
	7.3
	35.86
	11.16
	5.7
	15.4
	42.6
	4.3
	59.4

	47
	GDP CAPARIO
	89.84
	86
	24.84
	1.73
	151
	8.97
	38.31
	11.02
	5.8
	15.1
	39.8
	3.6
	60.5

	48
	IARI HD 4713
	76.14
	86
	24.1
	1.63
	151
	7.26
	38.45
	11.25
	7.1
	13.9
	36
	3.9
	55.4

	49
	MCHCB 0213
	86.24
	82
	23.63
	1.76
	147
	8.28
	33.58
	7.89
	8.3
	12.5
	48.1
	4.7
	47.2

	50
	SAINTY
	84.61
	87
	25.2
	1.47
	152
	8.3
	40.41
	11.76
	6.3
	15.4
	41.1
	4
	61.2

	51
	DA-AURARA (EX4AD095709)
	95.37
	83
	18.57
	1.41
	148
	6.16
	27.44
	11.82
	7.2
	17.4
	27.5
	4.6
	70.5

	52
	GDP-EXTRADUS
	111.8
	85
	24.46
	1.2
	150
	7.98
	32.58
	12.47
	6.6
	57.9
	35.4
	4.3
	57.9

	53
	1A 105t106/210B88/1A
	85.33
	86
	25.57
	1.25
	151
	6.83
	33.95
	12.12
	6
	19.4
	31.2
	5.2
	78.2

	54
	IARI HI 4728
	97.91
	79
	24.25
	1.26
	144
	14.08
	39.24
	9.56
	5.8
	13.8
	43.7
	4.9
	55.8

	55
	VALNOVA
	88.8
	88
	30.41
	1.62
	153
	7.82
	35.38
	10.85
	7.5
	14.9
	42.8
	3.7
	58.8

	56
	KAM(KARIM)
	103.64
	86
	27.92
	1.44
	151
	7.59
	35.89
	13.28
	6.5
	14.2
	40.7
	3.2
	57.2

	57
	STOJOCRI 3
	97.89
	77
	25.17
	1.6
	142
	8.93
	41.14
	11.74
	5.5
	12.1
	39
	3.2
	47.4

	58
	GDP HIEDER
	84.31
	83
	23.89
	1.84
	148
	7.34
	38.26
	12.09
	4.7
	13.9
	36.4
	4.4
	56.1

	59
	GDP TERBOL-97-3
	92.87
	88
	24.49
	1.52
	153
	9.52
	37.73
	10.11
	6.5
	16.6
	39.1
	4.7
	66.9

	50
	DA-AURARA (EX4AD095709)
	92.86
	78
	24.6
	1.55
	143
	7.32
	37.51
	8.28
	4.7
	14.2
	39.6
	3.4
	57.2

	61
	GDP-EXTRADUS
	83.4
	87
	27.64
	1.49
	152
	7.95
	36.72
	12.07
	5.2
	14.4
	43.8
	4.6
	57.6

	62
	1A 105t106/210B88/1A
	95.9
	86
	26.05
	1.544
	151
	7.37
	44.55
	12.41
	6.9
	10.9
	36.5
	4.2
	38.4

	63
	IARI HI 4728
	87.28
	86
	22.21
	1.52
	151
	7.94
	28.54
	11.98
	6
	15
	30.4
	4.7
	60

	64
	VALNOVA
	91.2
	88
	23.86
	1.56
	153
	8.13
	41.65
	11.83
	4.7
	11.2
	44.3
	4.6
	40.9

	65
	KAM(KARIM)
	82.76
	85
	22.2
	1.6
	150
	8.32
	38.28
	8.04
	7.1
	11.2
	28.6
	4
	41.6

	66
	STOJOCRI 3
	78.81
	79
	22.95
	1.77
	144
	6.98
	36.55
	11.71
	5
	10.7
	46.2
	5.2
	40.1

	67
	GDP HIEDER
	96.86
	82
	24.26
	1.59
	147
	7.52
	37.15
	12.03
	4.6
	10.1
	38.5
	3.6
	35

	68
	GDP TERBOL-97-3
	87.935
	72
	25.99
	1.64
	137
	7.28
	35.7
	8.19
	5.5
	10.8
	46.8
	4.7
	40.9

	69
	DA-AURARA (EX4AD095709)
	84.16
	90
	26.47
	1.59
	155
	7.89
	33.25
	12.03
	6
	13.5
	42.8
	4.7
	54.7

	70
	GDP-EXTRADUS
	99.5
	92
	24.85
	1.73
	157
	9.03
	37.78
	12.7
	6.5
	17.3
	30.2
	5.5
	69.7

	71
	1A 105t106/210B88/1A
	89.86
	85
	55.68
	1.59
	150
	8.25
	40.68
	13.44
	6.2
	18.1
	34.9
	4.2
	73

	72
	IARI HI 4728
	111.79
	87
	26.71
	1.74
	152
	9
	50.02
	11.75
	5.5
	15.7
	42.1
	5.6
	61.9

	73
	VALNOVA
	86.72
	89
	25.97
	1.74
	154
	9.18
	34.93
	13.51
	6.6
	19.1
	46.5
	5.6
	77.1

	74
	KAM(KARIM)
	81.03
	85
	23.99
	1.7
	150
	7.22
	36.85
	10.43
	6.7
	15.2
	39.1
	4
	60.9

	75
	STOJOCRI 3
	88.13
	86
	22.92
	1.9
	151
	7.29
	42.35
	9.64
	6.1
	15.3
	48.2
	4.5
	61.5

	76
	OMGONLL-2
	83.32
	78
	23.6
	1.92
	143
	7.26
	34.9
	10.58
	7.7
	17.5
	32.1
	4
	70.6

	77
	SYRION-1
	115.88
	82
	29.37
	1.74
	147
	6.59
	46.27
	10.67
	6.1
	13
	37.1
	4.2
	52.6

	78
	IARI MPO-12255
	120.99
	85
	27
	1.78
	150
	7.13
	48.86
	13.58
	6.1
	17.7
	44.4
	5.3
	71.2

	79
	LAHONIL-3
	89.39
	86
	22.2
	1.76
	151
	7.79
	38.29
	11.96
	5.3
	17.2
	37.2
	5
	69.4

	80
	GQ4X-4
	85.16
	88
	25.3
	1.94
	153
	7.38
	32.19
	13.93
	6.1
	18.9
	22.1
	4.3
	75.9

	81
	GDP-255
	133.92
	72
	25.87
	1.96
	137
	6.81
	56.98
	11.3
	7.1
	15.3
	40.2
	5.9
	61.3

	82
	EL4X13
	95.99
	82
	24.82
	1.98
	147
	8.61
	37.82
	11.16
	8.2
	15.7
	26.8
	5.3
	63.4

	83
	EL4X27
	92.81
	85
	20.43
	1.88
	150
	7.55
	28.38
	12.96
	5.5
	12.9
	25.9
	4.5
	50.9

	84
	NIDW-15
	102.98
	87
	27.95
	1.99
	152
	6.97
	47.57
	7.76
	5.9
	13.7
	41.5
	4.6
	54

	85
	EL4X31
	81.49
	77
	26.53
	2.39
	142
	7.18
	24.22
	10.85
	6.5
	16.7
	35.7
	5.1
	67.4

	86
	EL4X49
	102.76
	86
	29.81
	2.09
	151
	7.73
	39.57
	8.58
	6.4
	13.4
	38.1
	4.5
	52.6

	87
	EL4X65
	82.44
	82
	24.31
	1.79
	147
	7.07
	34.25
	8.54
	6.3
	13.7
	37.9
	3.8
	53.8

	88
	GINCHI
	111.29
	85
	31.31
	1.96
	150
	6.47
	46.58
	8.39
	6.9
	13.1
	46.5
	3.3
	52

	89
	DAVRUR
	83.76
	87
	24.52
	1.75
	152
	6.5
	39.09
	8.79
	6.4
	12.6
	39.3
	4.1
	50.1

	90
	IARI-1 DW 295(godwar)
	86.22
	82
	26.96
	1.99
	147
	7.27
	38.71
	8.58
	5.8
	13.1
	35.6
	3.7
	52

	91
	ES DCB -2015/2016-82
	78.56
	77
	27.78
	1.5
	142
	6.18
	36.13
	9.3
	7.3
	13.4
	26.6
	2.8
	53.8

	92
	DON -RICARD4
	80.98
	80
	30.32
	1.43
	145
	6.09
	39.96
	8.61
	7.1
	15.9
	30.2
	3.4
	63.3

	93
	BDNEARENSE-202
	82.12
	81
	25.37
	1.62
	146
	6.79
	37.15
	8.32
	6.7
	18.8
	26.4
	3.6
	62.8

	94
	CBN 08131
	80.37
	84
	23.96
	1.59
	149
	7.1
	26.8
	8.22
	7.3
	15.7
	26.3
	3.6
	57.6

	95
	MCHCB-0103
	96.64
	81
	24.2
	1.73
	146
	10
	34.62
	8.04
	6.1
	16.4
	29.4
	4.4
	65.9

	96
	NIOW-1149(d)
	80.47
	85
	26.48
	1.69
	147
	6.33
	35.03
	9.03
	6.9
	14.4
	31.4
	3.5
	57.4

	97
	GK- BETDUR
	81.5
	70
	26.05
	1.53
	135
	6.84
	26.68
	9.52
	7.1
	14.3
	27.8
	3.6
	56.5

	98
	ALM43
	120.92
	84
	24.28
	1.56
	149
	4.98
	32.17
	8.62
	6.3
	13.4
	26.5
	4.2
	50.6

	99
	SSD-047/376
	144.8
	77
	24.49
	1.4
	142
	7.68
	41.14
	8.25
	6.8
	13.6
	28.6
	4.4
	54.8

	100
	SSD-400/393
	128.05
	83
	23.18
	1.73
	148
	8.19
	40.53
	8.3
	7.3
	14.3
	25.7
	5.2
	57.8

	101
	SSD 453
	91.47
	70
	26.52
	1.22
	135
	7.36
	42.79
	12.76
	5.3
	19
	24.6
	4.1
	76.1

	102
	IARI NP404
	85.79
	83
	24.69
	1.23
	148
	6.99
	38.02
	8.48
	3.9
	12.8
	38.2
	4
	50.5

	103
	SS4-50D
	116.39
	75
	21.28
	1.34
	140
	9.05
	44.21
	13.55
	3.7
	15.7
	24.6
	3.9
	63.1

	104
	BLANUCCIA
	123.92
	77
	29.46
	1.83
	142
	7.57
	43.4
	9.38
	3.1
	11.4
	29.7
	4.7
	44

	105
	FARRO -LUMGO
	126.34
	86
	26.21
	1.65
	151
	7.28
	44.16
	14.27
	3.5
	19.3
	28.9
	3.6
	77.6

	106
	SCOR-SONERA
	103.87
	81
	28.13
	1.95
	146
	7.63
	45.14
	13.77
	5.7
	14.2
	47.2
	4.6
	57.8

	107
	GDP- SAMMAITIRANA
	114.71
	79
	24.82
	1.52
	144
	6.04
	53.66
	13.04
	6.3
	20.3
	36.5
	3.6
	60.1

	108
	PDW-274
	78.08
	71
	27.22
	1.93
	136
	7.23
	43.11
	13.34
	3.9
	18.7
	46.4
	4.6
	75.2

	109
	CANU BASCI4
	91.13
	79
	28.21
	1.85
	144
	7.74
	41.67
	13.11
	5.7
	15.9
	36.6
	4
	64

	110
	GDP -AK BASAK
	129.29
	86
	30.35
	1.54
	151
	9.91
	53.82
	11.02
	6.9
	11.9
	38.3
	5.4
	46.7

	111
	TIMILIA
	94.75
	84
	26.2
	1.56
	149
	6.96
	34.15
	8.79
	5.9
	17.2
	32.9
	2.4
	69

	112
	HARLEIJOMME,27
	101.14
	84
	28.68
	1.66
	149
	6.89
	36.77
	11.01
	5
	11.6
	29.3
	2.3
	45.9

	113
	KARSHA-2
	73.81
	83
	28.88
	1.62
	148
	5.83
	37.46
	11.39
	5.3
	12
	33.8
	2.9
	47.4

	114
	ICAR MARAME -7
	83.26
	86
	29.07
	1.97
	151
	6.52
	33.67
	11.06
	4.9
	12.9
	32.5
	3.1
	49.8

	115
	IARI RAJ-1555
	86.7
	88
	35.59
	1.56
	153
	7.13
	36.73
	10.09
	6.1
	12.9
	28.4
	3.4
	51.8

	116
	ATIL-C2000
	75.31
	83
	25.89
	1.64
	148
	6.46
	34.54
	10.97
	6.7
	12
	29.4
	3.6
	47.5

	117
	GDP-RN 31NIGS – 4/3/C
	86.84
	86
	27.02
	1.81
	151
	6.03
	40.06
	11.64
	5.1
	19.4
	29.1
	3.7
	77.7

	118
	GDP FORAJ
	87.81
	85
	28.15
	1.89
	150
	7.45
	38.34
	11.84
	6.5
	15.7
	27.7
	2.9
	63.3

	119
	MEXICAFT 375
	87.58
	83
	24.89
	1.99
	148
	6.14
	37.06
	9.78
	7.1
	19.9
	39
	3.6
	79.8

	120
	IARI GAS 446
	88
	86
	23.98
	1.78
	151
	7.24
	43.74
	10.82
	7.2
	16.3
	37.2
	4.3
	65.5

	121
	HI1531 © 
	96.54
	82.58
	23.64
	1.56
	147.58
	7.69
	37.93
	8.51
	6.97
	13.09
	35.09
	4.1
	51.65

	122
	HI8713 © 
	83.73
	83.08
	24.09
	1.71
	148.08
	7.1
	35.43
	14.1
	6.31
	12.78
	42.54
	6.07
	50.65

	123
	HI8663 © 
	83.07
	83.25
	24.83
	1.68
	148.25
	7.36
	33.81
	9.29
	6.42
	15.29
	37.88
	4.61
	61.68

	124
	MACS 4058 © 
	102.19
	80.67
	27.6
	1.66
	145.67
	7.32
	46.03
	9.45
	6.23
	17.67
	48.23
	3.59
	68.48

	125
	UAS 446 © 
	85.7
	83.67
	22.57
	1.63
	148.67
	7.3
	35.39
	8.04
	5.78
	13.38
	35.29
	3.43
	52.23

	126
	K1317 ©
	93.88
	84.17
	24.26
	1.72
	149.17
	9.35
	38.03
	7.55
	6.23
	14.58
	41.72
	3.51
	58.59

	127
	HI 8737 ©
	94.07
	83.08
	23.95
	1.62
	148.08
	7.46
	35.93
	11.61
	6.2
	15.12
	42.18
	4.43
	60.06

	128
	DBW 187 ©
	92.23
	79.92
	22.37
	1.71
	144.92
	9.56
	33.44
	8.03
	5.5
	18.98
	40.16
	3.63
	76.34

	129
	AKWD 299716 ©
	80.09
	82
	24.06
	1.67
	147
	7.42
	34.43
	13.97
	5.85
	17.22
	35.04
	3.64
	69.41

	130
	HI 8627 ©
	86.12
	83.42
	24.07
	1.73
	148.42
	7.31
	35.58
	10.68
	6.46
	13.75
	39.91
	3.53
	54.68



PH- Plant Height, DH- Days of Heading, FLL- Flag leaf length, FLW- Flag Leaf Width,DM- Days to maturity, SL- Spike Length, PL- peduncle Length, AL- Awn length, NTT- No. of Tillers, SPIKELETS- No. of Spikelets Per spike, TW- Test Weight, BY- Biological Yield, SEED/SPIKE- Seed Per Spike
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