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Genetic Diversity and Identification of Trait Specific Promising Wheat Genotypes for Various Morpho-Physiological and Quality Traits


ABSTRACT
The study evaluated morpho-physiological and quality traits of 194 wheat genotypes to assess the genetic diversity and to identify elite genotypes for trait based breeding. The experiment was performed during 2023-24 crop season at Chaudhary Charan Singh Haryana Agricultural University, Hisar (Haryana). The material was planted in Augmented Design; each genotype occupied two rows of 2.5 m spaced at 20 cm under timely sown irrigated conditions. The results revealed distribution of genotypes into nine distinct clusters based on Bayesian Information Criterion (BIC) using the Ward’s method. The clustering pattern identified cluster IV as largest one with 62 genotypes whereas, cluster IX being smallest contained nine genotypes. The genetic distances indicated the genotypes of cluster VIII with relatively more diversity compared to genotypes belonging to other clusters. The results in addition also revealed the placement of cluster IV most distantly from cluster VIII as deciphered by maximum inter cluster distance among all cluster combinations. The genotypes of cluster VII portrayed better performance for biological and grain yield, could be explored in hybridization to accelerate yield improvement program. The study identified LBP 2023-24, PBW 824 and WH 1403 as elite genotypes based on grain yield and its attributes viz., biological yield per plot, number of grains per spike, number of spikelets per spike and number of tillers per meter. Further, RAJ 3448, LPB 2023-24 and HD 2864 demonstrated superiority for physiological and HUB 838, GW 513, RAJ 3448, PBW 824 and LPB 2023-24 showed better performance for quality traits with higher grain yield. Based on consideration of all the morpho-physiological and quality traits together under study, HUW 838, GW 513 and RAJ 3448 were recognized as elite genotypes, could be exploited in trait specific wheat breeding.
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1. INTRODUCTION
With increasing world population and escalating food security challenges, boosting yield potential of wheat in the developing nations remains a top priority. In India, wheat is the second most important staple food crop after rice and contributes about one-fifth of total global dietary and protein consumption (Braun et al., 2010). In the crop season 2024-25, wheat was cultivated over 32.76 million hectares in India with output of 117.51 million tonnes and national average productivity of 35.87 quintals per hectare (ICAR-IIWBR, 2025). To fulfil the emerging demand, the improvement in wheat production becomes more challenging task amidst natural resources depletion, environmental instability and rising risk of epidemic outbreak. Wheat yield is adversely affected by various factors including biotic and abiotic stresses. Hence, it becomes more challenging to increase wheat productivity and to maintain stable yield over different climatic conditions. Consequently, it becomes fundamental to enrich the germplasm and broaden the genetic base of existing varieties to tackle the problem. 	Comment by Dr Sudershan Mishra: Replace this with a more relevant word
The valuable genotypic diversity present in wild relatives can lead to the development of germplasm for further yield enhancement and may offered greater opportunity to expand the genetic base of wheat breeding programme (Hussain et al., 2014). As grain yield is a quantitatively inherited trait, governed by interaction of various yield components and largely influenced by various genetic as well as environmental factors, direct selection can be deceptive. The foremost objective of wheat breeding programmes is to identify the genotypes with higher grain yield and tolerance to biotic and abiotic stresses (Sharma et al., 2018). Selection for yield should be based on the information of genetic variability and relationship of the morphological, physiological and quality traits with grain yield. In spite of direct selection of single plants, hybridization is a more effective approach for pyramiding high grain yield and other elite traits in wheat (Heidari et al., 2016).	Comment by Dr Sudershan Mishra: Avoid complex lengthy sentences. Break the statement or reorder phrases for better readability
The magnitude of genetic diversity in the available germplasm is a determining factor for the success of crop improvement programmes (Moose and Mumm, 2008). Mahalanobis D² analysis is a widely used method to quantify genetic divergence among genotypes based on multiple traits. Ward's Minimum Variance Method (Ward, 1963) merges clusters at each stage by optimizing an objective function. This method assists the breeder in selecting genetically divergent parents to achieve desirable recombinants in segregating generations. Cluster analysis also enables to categorise the landraces with higher similarity in agro-morphological traits instead of their geographical isolation, suggesting that diversity may also arise from the factors other than geographical origin (Sabhyata et al., 2023). Hence, a plant breeder can choose the parents with traits of interest quantitatively based on available genetic diversity in population (Arya et al., 2017) and further could exploit to generate a wide range of transgressive segregants for the development of high yielding wheat cultivars (Verma et al., 2006). 
The present study, therefore, designed and conducted with 194 wheat genotypes exploring various morpho-physiological and quality traits to assess genetic diversity and to identify trait specific elite genotypes that might serve as probable donors for their future exploitation for developing wheat varieties.	Comment by Dr Sudershan Mishra: Was therefore
2. MATERIALS AND METHODS
[bookmark: _Hlk178472781]The study encompassed a set of 194 wheat genotypes including four checks viz., HD 2967, DBW 187, Sonalika and DDW 47 (d), evaluated in Augmented Design during crop season 2023-24 at Field Experimental Area of Department of Genetics and Plant Breeding, CCS Haryana Agricultural University, Hisar (Haryana). Each genotype was planted in two rows spaced at 20 cm, occupied a plot size of 2.5 m x 0.4 m. The experiment was conducted under timely sown irrigated conditions and the recommended package of practices was accordingly followed to raise the crop. The observations were recorded at appropriate crop growth stages for 17 morphological traits viz., days to 50% heading, days to anthesis, days to physiological maturity, plant height (cm), number of effective tillers per meter, spike length (cm), peduncle length (cm), flag leaf length (cm), flag leaf breadth (cm), awn length (cm), number of spikelets per spike, number of grains per spike, biological yield per plot (g), grain yield per plot (g), grain filling duration, harvest index (%) and 1000-grain weight (g). The study also evaluated the genotypes for physiological traits namely, canopy temperature depression at anthesis and 15 days after anthesis (℃), relative water content (%), chlorophyll content (SPAD value) and quality traits i.e. crude protein (%), gluten content (%), sedimentation value (ml) and hectolitre weight (kg/hl). The generalized D² value between two genotypes was determined using the formula proposed by Mahalanobis (1936) and explained by Rao (1952). The genotypes were categorized into different clusters based on D² values, employing Ward's Minimum Variance Method (Ward, 1963). The recorded data was analyzed to assess the genetic divergence using R Studio software (2025.05.01+513) (R Core Team, 2025).
3. RESULTS AND DISCUSSION
The cluster analysis based on morpho-physiological and quality traits classified all the genotypes into nine distinct clusters and the findings are illustrated in Table 1. The genotypes were categorised based on Bayesian Information Criterion (BIC), using Ward’s method. The clustering pattern of genotypes recognized cluster IV as largest one with 62 genotypes, followed by cluster VI with 27 genotypes. Cluster VII and VIII possessed 20 genotypes each while, the remaining clusters contained 17 (I), 12 (II), 14 (III) and 13 (V) genotypes. However, cluster IX remained smallest one with nine genotypes.  The distribution of 194 genotypes into nine clusters portrayed in Fig. 1 in the form of circular dendrogram, indicated with code assigned to genotypes. Similar approach was also explored by Arya et al. (2017) for classifying 49 wheat genotypes into eight clusters based on agro-morphological and quality traits. Various studies were also executed by Wani et al. (2018), Mastafa et al. (2019), Upadhyay et al. (2020), Singh et al. (2022), Chauhan et al. (2023), Ikram et al. (2024) and Yasin et al. (2024) to classify the genotypes into different clusters. Similarly, the genetic diversity was also depicted in form of circular dendrogram by Kumar et al. (2025) exploring ward method. 	Comment by Dr Sudershan Mishra: The codes	Comment by Dr Sudershan Mishra: conducted
The estimates of intra and inter cluster distances are depicted in Table 2. Inter cluster distances indicates the genetic distance between the genotypes of two clusters, whereas, intra cluster distances describe the extent of genetic variation within the genotypes of a particular cluster. The estimates of intra cluster distance were recorded lower compared to inter cluster distances, implies that genotypes had higher similarity within a cluster than those of genotypes of different clusters. The highest intra cluster distance was observed for cluster Ⅷ (1109.33), followed by cluster Ⅶ (1007.28) and cluster Ⅳ (1002.88). Similarly, results also revealed that cluster IV is the most distantly placed from cluster VIII (1688.37) among all cluster combinations, followed by clusters VII and VIII (1664.59). However, the genetic distance between cluster II and III was found minimum (947.80) among inter cluster distances. It is well known that higher the distance between clusters, more the genetic diversity would be between the genotypes. Therefore, highly diverse genotypes would produce better segregants in the following generations enabling further selection and trait improvement. Singh and Kumar (2017) studied and classified 60 wheat genotypes into different clusters based on 15 yield and its attributes and also reported enough genetic divergence in the experimental material. The researchers, Kumar et al. (2015), Singh et al. (2018), Majid and Dar (2020) and Kumar et al. (2024) also highlighted genetic diversity of wheat genotypes availing various morphological and quality traits.	Comment by Dr Sudershan Mishra: Imply not implies as you are using ‘estimates’ that is a plural form	Comment by Dr Sudershan Mishra: Greater inter-cluster distance indicates greater genetic diversity among genotypes.” this can also be a way to write



The performance of genotypes for different clusters exhibited substantial variation in relation to morphological traits under study, portrayed in Table 3. The genotypes of cluster IX were most promising for the traits viz., plant height, number of effective tillers per meter, number of grains per spike, harvest index and also exhibited early heading and maturity. Awn length and 1000-grain weight were recorded maximum in genotypes of cluster V whereas, cluster VIII possessed with higher flag leaf breadth and number of spikelets per spike. Cluster IV contained the genotypes with longest spikes and flag leaves however, peduncle length was observed maximum in genotypes of cluster II. Among all, the genotypes of cluster VII were found elite for biological and grain yield availing maximum days for grain filling. Several studies have also been conducted for assessment of genetic diversity in wheat based on different morphological characters for selecting genetically diverse genotypes for hybridization (Kumar et al., 2013; Arya et al., 2017; Singh and Kumar, 2017; and Chaudhary et al., 2022). 	Comment by Dr Sudershan Mishra: Remove ‘with’ use some other word instead of possessed
Almost all of the clusters also demonstrated considerable variation in mean performance of genotypes for physiological and quality characters under study (Table 4). Cluster II exhibited high canopy temperature depression at anthesis while, at 15 days after anthesis, canopy temperature depression was found maximum in cluster IX.  Cluster IX was also characterized by higher chlorophyll content. Cluster IV comprised of genotypes with higher relative water content. Likewise, the genotypes of cluster I illustrated highest crude protein, gluten content and sedimentation value.  Further, the cluster V composed of 13 genotypes, possessed highest hectolitre weight. Similar experimentation were also earlier conducted by Khodadadi et al. (2011), Kumar et al. (2013),  and Santosh et al. (2019) pertaining to genetic diversity in wheat crop.  	Comment by Dr Sudershan Mishra: Not composed of “comprising” should be used	Comment by Dr Sudershan Mishra: Experiments were
Based on mean performance of genotypes for grain yield and its attributes viz.,  biological yield per plot, number of grains per spike, number of spikelets per spike and number of tillers per meter, considering as selection criteria, the genotypes LBP 2023-24, PBW 824 and WH 1403 were found promising. Genotypes namely, HUW 838, GW 513, RAJ 3448, GW 477, LBP 2023-24, HD 2864 and PBW 821 were identified as elite based on chlorophyll content and relative water content including higher grain yield, while based on CTD 1, the genotypes found superior were RAJ 3448, LBP 2023-24, DBW 222, DBW 303 and HD 2864. Genotypes HUW 838, GW 513, RAJ 3448 and PBW 824 demonstrated higher gluten content and hectolitre weight compared to others; while for sedimentation value, the genotypes, HUW 838 and LBP 2023-24 showed better performance with higher grain yield. Considering morpho-physiological and quality traits simultaneously, HUW 838, GW 513 and RAJ 3448 were recognized as elite genotypes, could be explored in future wheat breeding programmes for trait based breeding.
Most diverse and promising genotypes for specific traits selected from set of 194 genotypes, mentioned in Table 5 for morphological traits & Table 6 for physiological and quality traits. The genotypes viz., DBW 400, GW 547, DBW 308, DBW 328, GW 513, LBP 2023-24, HUB 338 were found promising and showed higher yield potential. Thirteen genotypes, DBW 302, DBW 371, PBW 824, HI 8627, HD 3406, PBW 902, MP 3535, VL 3028, DBW 308, HI 8818 (d), DBW 325, LBP 2023-24 and HI 1636 were recorded with higher biological yield. Among the genotypes, HD 2864, RW 5, MACS 6768, JKW 261 and MP 3535 showed early maturity. Out of 194 genotypes, fifteen genotypes each were found superior for number of tillers per meter and grains per spike. Twenty one genotypes exhibited superiority for plant height with less than 90 cm height while, twelve genotypes were found elite having spike length more than 13 cm. A total of twenty five entries showed more than 50 g 1000-grain weight. In addition, harvest index was recorded more than 40 per cent in fourteen entries. 
The genotypes showed superiority for CTD at anthesis included HS 545, DBW 357, GW 547, IC 252459, HI 8818 (d), DBW 322, DBW 303, HD 3086 and UASQ 332 (d). However, HI 8847, KRL 35, PBW 723, VL 3020, DBW 110 and GW 2010-288 were found promising for CTD at 15 days after anthesis. Relative water content with more than 90 per cent was found in fourteen entries whereas, twelve genotypes exhibited higher chlorophyll content (>50 %). The genotypes identified elite for protein content were composed of RAJ 4541, KHTW 1, HI 8627, PBW 824, CG 1023, HD 2932, PBW 803, HI 1636, QLD 120 and DBW 332. Gluten content was contained higher (> 40 %) in fifteen genotypes while, sedimentation value was high in eleven genotypes. Fourteen genotypes evaluated had higher hectolitre weight (>81 kg/hl) among all the genotypes. Eyebernova et al. (2018), Bibi et al. (2022) and Yadav et al. (2025) also isolated promising and genetically diverse genotypes of wheat based on quality and morphological traits. For improvement of a particular component trait, the promising donors thus identified could be used in crossing program to obtain high heterotic response and may served as a potential source for improvement in the corresponding trait through a suitable breeding method for yield enhancement in wheat.	Comment by Dr Sudershan Mishra: May serve 
4. CONCLUSION
The study highlighted the existence of enough genetic diversity of morpho-physiological and quality traits of 194 wheat genotypes. The clustering pattern identified nine clusters of which genotypes of cluster VII portrayed better performance for biological and grain yield. Further, cluster IV exhibited maximum genetic distance from cluster VIII, implying most diverse genotypes of two clusters. Cluster I was characterised by genotypes with better quality traits and physiological efficient genotypes were associated with cluster II (CTD at anthesis), IV (Relative water content) and cluster IX (CTD at 15 days after anthesis & chlorophyll content).  The selection criterion based on grain yield and its attributes viz.,  biological yield per plot, number of grains per spike, number of spikelets per spike and number of tillers per meter identified LBP 2023-24, PBW 824 and WH 1403 as elite genotypes. The genotypes RAJ 3448, LPB 2023-24 and HD 2864 demonstrated superiority for physiological ; while for quality traits, HUB 838, GW 513, RAJ 3448, PBW 824 and LPB 2023-24 showed better performance with higher grain yield. Considering simultaneously all the morpho-physiological and quality traits under study, HUW 838, GW 513 and RAJ 3448 were recognized as elite genotypes, could be explored in future wheat breeding programmes for trait specific breeding.	Comment by Dr Sudershan Mishra: substantial	Comment by Dr Sudershan Mishra: nine clusters, among which Cluster VII genotypes showed better performance 	Comment by Dr Sudershan Mishra: Use superior insetad	Comment by Dr Sudershan Mishra: criteria	Comment by Dr Sudershan Mishra: LPB ot LBP bring uniformity	Comment by Dr Sudershan Mishra: Physiological traits	Comment by Dr Sudershan Mishra: were recognized as elite genotypes and could be explored in the future for trait-specific improvement 
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Table 1. Clustering profile of wheat genotypes
	Cluster No.
	No. of genotypes
	Name of genotypes 

	C I
	17
	DDW 48 (g1), BNSR 6 (g3), DBW 166 (g9), DBW 243 (g11), DBW 316 (g15), DTW 119 (g44), HI 8830 (d) (g77), IIWBR DN 502 (g108), JKW 261 (g111), MACS 4100 (d) (g124), RWP 2019-38 (g153), QLD 120 (g151), QLD 122 (g134), RWP 2018-31 (g162), RWP 2018-32 (g163), UASQ 332 (d) (g169), VL 2015 (g180)

	C II
	12
	BFKW 7 (g2), CG 1029 (g4), GW 2019-957 (g46), HI 8840 (d) (g79), HPW 487 (g92), HS 545 (g97), IC 212176 (g103), IC 252459 (g106), KARAN POSHAN 1 (g115), KARAN POSHAN 2 (g116), WCF 12-19 (g189), WCF 12-208 (g190)

	C III
	14
	CG 1036 (g5), GW 528 (g47), GW-2014-596 (g52), HD 3407 (g58), HD 3438 (g61), HI 1655 (g72), HI 1665 (g73), HS 628 (g98), IC 376265 (g104), MACS 6768 (g125), MACS 4058(d) (g127), PBS-NGSN-23-01 (g135), UAS 3022 (g166), VL 3010 (g179)

	C IV
	62
	CG 1040 (g6), CG 1023 (g7), DBW 187 (g10), DBW 302 (g13), DBW 308 (g14), DBW 318 (g16), DBW 325 (g17), DBW 342 (g18), DBW 357 (g19), DBW 370 (g20), DBW 371 (g21), DBW 372 (g22), DBW 377 (g23), DBW 400 (g24), DBW 221 (g31), DBW 328 (g37), GW 513 (g40), GW 532 (g48), GW 1339(d) (g50), GW 499 (g53), HD 2967 (g55), HD 3369 (g56), HD 3411 (g59), HD 3437 (g60), HI 1650 (g69), HI 1653 (g70), HI 8847 (g81), HI 1633 (g82), HPW 484 (g91), HPW 489 (g93), HPW 368 (g95), HS 679 (g99), K 1616 (g112), RWP 2019-41 (g114), KRL 35 (g118), LBP 2023-24 (g121), LBP 2023-25 (g122), KHTW 1 (g123), MP 1323 (g128), MP 3535 (g131), NIAW 4028 (g133), PBS-NGSN-23-02 (g136), PBW 766 (g137), PBW 835 (g140), PBW 869 (g141), PBW 875 (g143), PBW 752 (g146), PBW 771 (g147), PBW 821 (g148), QLD 118 (g150), QLD 121 (g152), Unnat PBW 550 (g170), UP-2909 (g171), VL 3028 (g175), VL 3035 (g176), WAP 2320 (g184), WAP 2321 (g185), WAP 2212 (g188), WCF 12-61 (g191), WH 1402 (g192), WH 1403 (g193), WHD 965 (d) (g194)

	C V
	13
	GW 477 (g8), DDW 47 (d) (g43), GW 1346(d) (g51), HD 2864 (g63), HI 8826 (d) (g75), HI 8805(d) (g87), HI 8823(d) (g88), HI 8808 (g89), GW 1348 (d) (g90), GW-2010-288 (g130), PHSL 10 (g149), RAJ 3448 (g157), VL 3020 (g182)

	C VI
	27
	DBW 278 (g12), DBW 107 (g25), DBW 327 (g32), DBW 88 (g41), DWAP 1608 (g45), GW 547 (g49), HD 3386 (g57), HD 3086 (g65), HI 1544 (g68), HI 8818 (d) (g74), HI 8827 (d) (g76), IC 252454 (g107), IIWBR PHY 2 (g109), KRL 99 (g119), LBP 2017-2 (g120), PBW 803 (g138), PBW 824 (g139), HI 1617 (g154), RAJ 3765 (g158), RAJ 4238 (g159), RW 5 (g160), RWP 2017-21 (g161), RWP 2018-3 (g164), Sonalika (g165), VL 2028 (g177), VL 3022 (g181), WAP 2211 (g187)

	C VII
	20
	DBW 110 (g26), DBW 168 (g27), DBW 173 (g28), DBW 252 (g29), DBW 222 (g33), DBW 322 (g34), DBW 332 (g35), DBWH 221 (g42), HD 2932 (g64), HD 3293 (g67), HI 1636 (g83), HI 1634 (g84), HI 8627 (g85), HPW 493 (g94), HPW 373 (g96), HPW 360 (g110), PBW 723 (g145), WSM 138 (g155), UP 2938 (g172), UP 2944 (g173)

	C VIII
	20
	DBW 303 (g30), HD 3440 (g62), HD 3406 (g66), HI 1654 (g71), HI 8839 (d) (g78), HI 8802(d) (g86), HS 661 (g101), HS 681 (g100), IC 78841 (g105), K 1317 (g113), MACS 6795 (g126), MP 1378 (g129), MPO 1357 (d) (g132), PBW 870 (g142), PBW 902 (g144), RAJ 4541 (g156), UAS 478 (d) (g167), UAS 481 (d) (g168), VL 3024 (g174), VL 2041 (g178)

	C IX
	9
	DBW 296 (g36), UP 2903 (g38), HUW 838 (g39), GW 509 (g54), HI 8846 (d) (g80), HUW 338 (g102), KRL 283 (g117), VL 3021 (g183), WAP 2210 (g186)


Values in parenthesis indicated code assigned to genotypes 
Table 2. Estimates of intra and inter cluster distances in wheat genotypes
	Cluster No.
	CI
	CII
	CIII
	CIV
	CV
	CVI
	CVII
	CVIII
	CIX

	C I
	725.88
	
	
	
	
	
	
	
	

	C II
	990.89
	733.22
	
	
	
	
	
	
	

	C III
	1103.30
	947.80
	837.42
	
	
	
	
	
	

	C IV
	1159.84
	1323.37
	1537.30
	1002.88
	
	
	
	
	

	C V
	1019.93
	968.10
	1012.58
	1454.74
	930.59
	
	
	
	

	C VI
	1106.84
	1271.45
	1484.62
	1014.68
	1401.68
	910.70
	
	
	

	C VII
	1135.96
	1300.76
	1513.47
	1033.89
	1429.50
	1087.50
	1007.28
	
	

	C VIII
	1254.47
	1246.19
	1458.28
	1688.37
	1374.27
	1636.08
	1664.59
	1109.33
	

	C IX
	981.21
	989.06
	1091.87
	1414.15
	1002.36
	1360.71
	1388.45
	1332.96
	957.56













Table 3. Performance of different clusters for morphological traits in wheat genotypes
	Sr. No.
	Traits
	Clusters

	
	
	C I
	C II
	C III
	C IV
	C V
	C VI
	C VII
	C VIII
	C IX

	1.
	DH
	95.88
	93.33
	94.79
	95.64
	95.87
	93.09
	93.90
	104.30
	92.78

	2.
	DA
	100.76
	99.17
	100.43
	100.89
	101.40
	97.96
	98.70
	109.45
	97.56

	3.
	DM
	139.94
	140.50
	139.93
	140.18
	140.78
	139.71
	142.40
	143.35
	139.89

	4.
	PH
	96.28
	109.58
	98.43
	98.78
	97.57
	97.36
	99.15
	97.74
	96.20

	5.
	AL
	8.83
	7.30
	7.72
	8.56
	10.43
	8.98
	8.97
	9.00
	9.13

	6.
	FLL
	27.82
	28.19
	26.70
	28.77
	24.85
	25.63
	28.34
	27.82
	24.18

	7.
	FLB
	1.98
	1.93
	2.12
	2.16
	1.90
	1.90
	2.17
	2.17
	1.97

	8.
	NT/M
	120.81
	115.95
	121.13
	122.40
	112.30
	109.97
	125.90
	123.84
	128.41

	9.
	SL
	10.49
	11.95
	11.16
	12.16
	9.19
	11.41
	10.95
	11.07
	10.76

	10.
	PL
	36.44
	40.00
	36.61
	38.01
	36.65
	34.89
	37.53
	37.68
	36.36

	11.
	NS/S
	18.72
	19.43
	18.77
	19.99
	17.99
	18.87
	19.42
	20.01
	19.58

	12.
	NG/S
	56.74
	66.42
	54.70
	63.94
	61.01
	55.56
	64.92
	64.42
	66.71

	13.
	BY
	1834.53
	1592.42
	1489.07
	2054.92
	1732.48
	2028.94
	2060.75
	1831.65
	1614.56

	14.
	GY
	562.35
	473.42
	451.43
	691.93
	570.91
	693.69
	700.95
	586.05
	667.56

	15.
	GFD
	39.18
	41.33
	39.50
	39.29
	39.34
	41.90
	43.70
	33.90
	42.33

	16.
	HI
	31.49
	31.17
	32.12
	34.14
	32.28
	35.25
	35.08
	32.58
	42.97

	17.
	TGW
	41.66
	40.60
	39.02
	45.56
	49.32
	43.05
	47.03
	40.84
	47.98


DH: Days to 50 % heading; DA: Days to anthesis; DM: Days to physiological maturity; PH: Plant height (cm); AL: Awn length (cm); FLL: Flag leaf length (cm); FLB: Flag leaf breadth (cm); NT/M:  Number of effective tillers/meter; SL: Spike length (cm); PL: Peduncle length (cm); NS/S: Number of spikelets/spike; NG/S: Number of grains/spike; BY: Biological yield/plot (g); GFD: Grain filling duration (in days); HI: Harvest index (%) , TGW: 1000-Grain weight (g); GY: Grain yield /plot (g)	

Table 4. Performance of different clusters for physiological and quality traits in wheat genotypes
	
Sr. No.

	Traits
	Clusters

	
	
	C I
	C II
	C III
	C IV
	C V
	C VI
	C VII
	C VIII
	C IX

	1.
	CTD 1
	7.74
	8.12
	5.74
	7.20
	7.64
	7.61
	7.81
	6.76
	7.35

	2.
	CTD 2
	6.75
	5.97
	6.49
	7.07
	7.39
	6.61
	7.17
	6.79
	7.76

	3.
	CC
	44.22
	42.34
	41.98
	44.81
	41.64
	44.66
	39.60
	44.41
	45.49

	4.
	RWC
	77.85
	78.14
	76.78
	82.85
	78.53
	77.00
	73.14
	77.84
	77.88

	5.
	CP
	16.08
	15.24
	13.93
	13.47
	12.02
	13.63
	11.82
	13.81
	11.74

	6.
	GC
	40.86
	35.88
	32.01
	33.12
	27.66
	33.11
	27.78
	33.57
	28.02

	7.
	SV
	65.54
	61.11
	53.11
	49.87
	46.75
	48.63
	40.28
	51.35
	41.66

	8.
	HW
	74.01
	73.45
	74.22
	75.91
	76.47
	74.07
	74.82
	73.68
	76.16


CTD 1: Canopy temperature depression at anthesis (℃); CTD 2: Canopy temperature depression at 15 days after anthesis (℃); CC: Chlorophyll content (SPAD value); RWC: Relative water content (%); CP: Crude protein (%); GC: Gluten content (%); SV: Sedimentation value (ml); HW: Hectolitre weight (kg/hl)
	




[image: ]

Fig. 1. Circular dendrogram portraying clustering pattern of 194 wheat genotypes 
(Ref. Table 1 for code assigned to genotypes)


Table 5. Trait specific promising wheat genotypes for morphological traits
	Traits with Range
	Criterion 
	Promising Genotypes
	Best check

	Days to 50% heading
(82 -110)
	<90

	GW 2019-957, HD 2864, HPW 487, IC 252459
	Sonalika 
(82)

	Days to anthesis 
 (87 -117)
	<96
	DBW 110, HD 2864, UP-2938, GW 2019-957
	Sonalika 
(87)

	Days to physiological maturity 
(128 -155)
	<137
	HD 2864, RW 5, MACS 6768, JKW 261, MP 3535
	Sonalika 
(128)

	Plant height (cm) 
(79-135 cm)
	<90
	IC 78841, MACS 4100 (d), HI 8846 (d), GW 1339(d), HI 8827 (d), DBW 322, RW 5, HI 8847, GW-2010-288, MPO 1357 (d), HI 8830 (d), HI 8839 (d), HI 8823(d), HI 8818 (d), CG 1036, HD 3438, PBW 902, VL 3010, RAJ 4541, HI 8840 (d), PBW 771
	DDW 47 (d)
(92)

	Number of tillers/meter 
(63-143)
	>138
	DBW 107, GW 499, HD 3293, DDW 48, VL 3021, GW 2019-957, LBP 2023-24, LBP 2023-25, HUW 838, HPW 493, HD 3086, IC 252454, HD 3406, HPW 368, RWP-2019-41
	Sonalika 
(126)

	Spike length (cm) 
(6.18-15.60 cm)
	>13
	IC 212176, CG 1040, PBW 821, HPW 487, MACS 6795, HS 679, K 1616, VL 2041, PHSL 10, DBW 377, UP-2909, VL 3024
	Sonalika 
(12)

	Peduncle length (cm)
 (24-51 cm)
	>42
	HI 8840 (d), HI 8847, RWP 2018-32, LBP 2023-24, KRL 283, DBW 400, GW 499, MP 1378, RWP-2019-38, DBW 222
	Sonalika
 (38)

	Flag leaf length (cm)  
(17.8-36.2 cm)
	>33
	K 1317, DBW 308, DBWH 221, LBP 2023-25, QLD 121, LBP 2017-2, RW 5, UP-2938, WAP 2320, DBW 302, UP-2909, LBP 2023-24, PBW 771
	Sonalika 
(28.7)

	Flag leaf breadth (cm) 
(1.56-2.85 cm)
	>2.50
	DWAP 1608, HPW 493, WCF 12-61, DBW 318, QLD 120, QLD 121, JKW 261, DBW 302, GW 1348 (d), DBW 278, GW 513, HUW 338
	DBW 187
 (2.15)

	Awn length (cm)  
(1.34-13.92 cm)
	>12
	RWP 2018-31, DBW 316, PBW 875, HD 3407, DTW 119, VL 2041,  WCF 12-19, PBW 869, DBW 371
	Sonalika 
(9.43)

	Number of spikelets per spike 
(15-23)
	>21
	HI 1650, RWP 2017-21, VL 2041, PBW 803, HS 679, K 1616, WCF 12-61, DBW 221, DBW 88, KHTW-1, PBW 821, PHSL 10, DBW 371, HI 8808
	DBW 187 
(22)

	Number of grains per spike 
(47-80)
	>75
	DBW 325, CG 1029, HPW 484, MACS 6795, PHSL 10, HPW 493, HPW 487, WAP 2210, PBW 752, UP-2944, WCF 12-208, HD 2932, GW 1348 (d), HI 1650, DBW 318
	HD 2967 
(69)

	Biological yield per plot (g) 
(923-2604 g)
	>2400
	DBW 302, DBW 371, PBW 824, HI 8627, HD 3406, PBW 902, MP 3535, VL 3028, DBW 308, HI 8818 (d), DBW 325, LBP 2023-25, HI 1636
	DBW 187 
(1868)

	Grain yield per plot (g) 
(344-822 g)
	>800
	DBW 400, GW 547, DBW 308, DBW 328, GW 513, LBP 2023-24, HUW 338
	DBW 187 
(698)

	Grain filling duration 
(27-46 days)
	>44
	DBW 252, PBW 752, BFKW 7, GW 547, HI 8818 (d), IC 212176, PBW 803, PBW 723, WSM 138, DBW 110, HI 8846 (d)
	HD 2967
 (42)

	Harvest index (%)
(27-47 %)
	>40
	VL 3021, HI 8846 (d), DBW 318, HD 3293, VL 2028, UP 2903, HD 3386, RWP 2017-21, DBW 296, WAP 2210, RW 5, K 1616, HUW 838, DBW 278
	DBW 187
 (33)

	1000-grain weight (g) 
(29.4-53.8 g)
	>50
	WAP 2321, VL 3035, WAP 2320, HI 8826 (d), PBW 875, HI 8818 (d), NIAW 4028, DBW 400, GW 1348 (d), GW 532, HI 8805(d), GW 477, UP-2938, WH 1402, GW 509, HUW 838, GW-2010-288, HI 8627, HI 8823(d), PHSL 10, DBW 296, WSM 138, WAP 2212, RWP-2019-41, DBW 110
	DBW 187 
(49.4)


Table 6. Trait specific promising wheat genotypes for physiological and quality traits
	Traits with Range
	Criterion 
	Promising Genotypes
	Best check

	Canopy temperature depression at anthesis (℃)
 (3.78-10.09℃ )
	>8
	HS 545, DBW 357, GW 547, IC 252459, HI 8818 (d), DBW 322, DBW 303, HD 3086, UASQ 332 (d)
	HD 2967 
(8.05)

	Canopy temperature depression at 15 days after anthesis (℃) 
(3.64-9.53℃ )
	>9
	HI 8847, KRL 35, PBW 723, VL 3020, DBW 110, GW-2010-288
	DDW 47 (d)
 (7.43)

	Relative water content (%) 
(62.2-95.2% )
	>90
	DBW 327, DWAP 1608, WAP 2211, HI 1634, DBW 221, VL 3022, QLD 118, K 1317, HI 1653, KRL 283, UP-2909,  DBW 222, HI 1665, HS 661
	HD 2967 
(84.4)

	Chlorophyll content (%) 
(33.2-56.1% )
	>50
	HD 3369, DBW 400, PBW 835, WAP 2320, DBW 318, VL 3035, GW 547, K 1616, HI 8827 (d), DBW 316, HI 1653, HI 8826 (d)
	DDW 47 (d) 
(46.5)

	Crude protein (%)
(10.3-17.2% )
	>16
	RAJ 4541, KHTW 1, HI 8627, PBW 824, CG 1023, HD 2932, PBW 803, HI 1636, QLD 120, DBW 332
	DDW 47 (d) 
(14.74)

	Gluten content (%)
(22.8-51.0%)
	>40
	PBW 803, PBW 824, KHTW 1, RAJ 4541, Unnat PBW 550, LBP 2023-24, CG 1023, GW 499, DBW 377, HD 2932, VL 2041, DBW 243, GW 477, HI 8627, UAS 481 (d)
	DBW 187 
(35.1)

	Sedimentation value (ml) 
(25.3-76.5 ml )
	>68
	HI 8840 (d), HI 1636, HS 628, LBP 2017-2, CG 1029, HI 8627, DWAP 1608, HD 3437, CG 1040, GW 2019-957, HPW 487
	DDW 47 (d) 
(58.4)

	Hectolitre weight (kg/hl) 
(66.0-83.0 kg/hl)
	>81
	DBW 370, PBW 835, RWP 2018-31, DBW 357, PBW 869, DBW 371, DBW 400, QLD 120, DBW 302, IC 37626, PBW 766, MP 1323, WCF 12-19, WCF 12-61
	DBW 187  
(76.3)
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