


Study of Genetic Variability And Character Association In Wheat (Triticum aestivum L.)

ABSTRACT
This study aimed to identify wheat genotypes with superior yield potential and to elucidate the genetic basis of yield-related traits. We evaluated 80 diverse Indian wheat genotypes under field conditions at the Agriculture Research Farm-I, Tantia University, Sri Ganganagar, Rajasthan, during the rabi season of 2023-24. Eleven agro-morphological traits, including days to 50% flowering (DFF), plant height (PH), peduncle length (PL), biological yield per plant (BYP), grain yield per plant (GYP), and harvest index (HI), were assessed to determine their performance and genetic variability.
	The results revealed significant genetic variability among the genotypes. WH-1310 emerged as the top performer, exhibiting the highest grain yield per plant (41.36 g), followed by DBW-179 (41.47 g), HS-627 (40.60 g), HTW-11 (40.38 g), HD-1609 (40.26 g), and HW-5207 (40.30 g). A strong positive correlation was observed between grain yield per plant and plant height, peduncle length, biological yield per plant, and harvest index, underscoring their critical role in enhancing grain yield.
	
	Overall, this study provides critical insights into the genetic variability and yield potential of wheat genotypes. The identified high-yielding genotypes, such as WH-1310 and DBW-179, hold promise for developing improved wheat cultivars. Further research is recommended to uncover the specific genetic and molecular mechanisms driving these traits, enhancing breeding efforts for yield optimization.
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INTRODUCTION
Wheat (Triticum aestivum L.) is the most important cereal crop for the majority of the world’s population. It serves as the staple food for about two billion people, which is roughly 36% of the global population. Wheat provides around 55% of the carbohydrates and 20% of the calories consumed worldwide. It also has a relatively high protein content of about 13%, compared to other major cereals.
The genetics of wheat must be studied in order to improve plants because it is grown in a variety of climates. It is a member of the Poaceae (Gramineae) family, which also includes rice, barley, oats, rye, and maize, among other important crops. Wheat and barley belong to the Triticeae tribe, which has around 15 genera and 300 species. Sakamura published the number of chromosomes in the genomes of the widely known members of this group in 1918. Hexaploids (2n=42), tetraploids (2n=28), and diploids (2n=14) are the three kinds of wheat that are categorized according to his results.
Wheat is believed to have originated in Asia Minor. About 8,000 years ago, the people of Asia Minor began cultivating wheat and barley, marking a significant step in the course of civilization. Excavations at Mohenjo-Daro and ancient texts like the Atharva-Veda indicate that wheat cultivation began in India over 5,000 years ago. Archaeological records suggest that wheat was first cultivated around 9600 BCE in the Fertile Crescent. Today, wheat is a cereal grain (botanically a type of fruit known as caryopsis) cultivated worldwide. It is a self-pollinated C3 plant with a cleistogamous condition. “The wheat is most successfully grown between the latitudes of 30° to 60°N and 27o to 40°S” (Nuttonson, 1955), but beyond these limits it also be grown from arctic to high elevated equators. The optimum temperature for best growth and yield is 25°C with minimum 20°C and maximum 35°C growth temperatures, (Briggle, 1980). Wheat is adapted to a wide range of moisture conditions from xerophytic to lithoral. Cultivars of widely differing pedigrees are grown under various conditions of soil and climate which shows extensive trait variation.
“Wheat is world’s broadly cultivated food grain crop. In India, it is the next most important staple food grain crop after rice and is used in several forms to make flour for leavened, flat and steamed breads, cookies, cakes, pies, pastries, cereals, pasta, flour tortillas and noodles, and for fermentation to make beer and other alcoholic beverages, and biofuel. The raised bread loaf is possible because wheat kernel contains gluten that traps minute bubbles of CO2 causing the dough to rise when fermentation occurs  in leavened dough” (Hanson et al., 1982). Wheat plants physiological adaptability with ease of yield storage and converting grain into flour for making edible foods, make it the major diet part for most of civilization. Wheat is planted to a limited extent as a forage crop for livestock, although the dry straw is used as cattle feed.
“India's wheat-growing regions are divided into six zones, namely. The main wheat tract is formed by the Indo-Genetic plains, which include the N-E and N-W Plains Zones. The Peninsular, Central, Southern, and Northern Hill Zones are the next in line. Due to its great output potential and ease of cultivation under various agroecological circumstances, wheat has a versatile nature. With such a high potential yield, it is imperative to increase both the quantity and quality of grains to meet the population's growing demands for a substantial protein. Nearly all of the common types of wheat are low in protein and important amino acids like tryptophan and lysine” (Hanson et al., 1982).
A complicated polygenic trait, grain yield is heavily influenced by genetic, physic-morphological, ecological, and pathological factors. Stability and yielding determine a cultivar or genotype's hereditary potential. The fulfillment of yield potential influenced by shifting seraphic and agroclimatic conditions is due to the genetic character and amount of association of yield contributing traits, or yield components (productive tiller, number of grains, 1000 grain weight, etc.). Therefore, gathering data on these factors is crucial in order to identify and measure how they contribute to grain yield. A major prerequisite for any breeding program that aims to create new varieties with high yield potential and yield stability is the existence of significant genetic variability.
Keeping these is view in the mind, the present study entitled “Study of Genetic variability and character association  in  wheat  (Triticum  aestivum  L.)”  has been planned to work out information on genetic variation, character association and genetic divergence for yield and yield contributing characters in wheat at Agriculture Research Farm-I, Faculty of Agriculture, Tantia University, Sri Ganganagar (Raj.) with the following objectives:-
1.	To estimate genetic variability for yield and yield attributing traits.
2.	To workout correlation and path analysis for yield related traits in wheat.








 

MATERIALS AND METHODS
EXPERIMENTAL SITE
Two different experiments were conducted in at Agriculture Research Farm-I, Faculty of Agriculture, Tantia University, Sri Ganganagar (Raj.) in Rabi season. Farm is situated in well leveled field having proper drainage. Geographically farm is located in at 29.8820069 N latitude and 73.8625774 E longitude at an altitude of 113 m above from sea level in the Trans Gangetic Zones and 1B zone of Rajasthan.
EXPERIMENTAL DETAILS:
The experimental field was divided into 6 blocks with 15 plots (along with 3 checks) were accommodated in each block.
	No. of Accessions/genotypes
	=
	83 including checks

	Experimental Design
	=
	Augmented Block Design

	Plot size
Crop spacing
	=
=
	2 rows of 2.5 m length spaced at 0.25m
25x10 cm

	Date of sowing
	=
	21st December, 2023

	Checks
	=
	HD-2967, SONALIKA, HI-8713













Table 1. These 80 genotypes are as under:
	S.No.     
	Name of Genotypes

	1
	DDK-1051

	2
	HW-3631

	3
	HD-3043

	4
	HTW-6

	5
	BRW-3723

	6
	HUW-699

	7
	HI-8765

	8
	HI-8708

	9
	HS-626

	10
	MACS-3949

	11
	WH-1127

	12
	DBW-110

	13
	TL-3007

	14
	HI-8737

	15
	PBW-756

	16
	NIAM-1994

	17
	HI-8751

	18
	PDW-344

	19
	DBW-105

	20
	HI-8777

	21
	HS-627

	22
	DBW-129

	23
	WH-1216

	24
	K-1006

	25
	GJW-463

	26
	HI-8759

	27
	AKAW-3717

	28
	K-1317

	29
	DBW-39

	30
	HI-1612

	31
	DWAP-1530

	32
	HIKK-09

	33
	KBRL-82-2

	34
	PBW-725

	35
	HD-3171

	36
	TL-3006

	37
	COH-1105

	38
	DHTW-60

	39
	HTW-11

	40
	HW-5207

	41
	KBRL-79-2

	42
	UASD-DT-6

	43
	AKAW-4901

	44
	CG-1013

	45
	DBW-187

	46
	DBW-88

	47
	HI-1620

	48
	MACS-5044

	49
	DBW-246

	50
	KRL-283

	51
	MP-3382

	52
	PWD-752

	53
	UAS-334

	54
	UAS-357

	55
	WH-1080

	56
	AKAW-4927

	57
	DBW-173

	58
	DBW-93

	59
	DBW-179

	60
	FLW-10

	61
	FLW-22

	62
	HIKK-05

	63
	HTW-9

	64
	PBW-703

	65
	PWD-757

	66
	DBW-71

	67
	HD-1609

	68
	HD-3086

	69
	FLW-16

	70
	HIKK-06

	71
	WH-1310

	72
	GRU-2010

	73
	HD-3237

	74
	DBW-220

	75
	PBW-760

	76
	UAS-459

	77
	WH-730

	78
	DBW-107

	79
	DWAP-1531

	80
	MP-3336






RESULT AND DISCUSSION
Genetic Variability
Analysis of variance
Analysis of variance revealed highly significant differences for all characters under study among the 80 genotypes at 5% level of significance, indicating the presence of sufficient variability among genotypes (Table 1).
Range and CV
The considerable ranges of variations were recorded for all the agro- morphological traits studied. The coefficients of variation (CV) were recorded (10-50%) for spike length, grain yield per plant and harvest index, whereas rest traits showed low (< 10%) extent of CV.
Mean performance:
[bookmark: _GoBack]The mean performance of 80 genotypes used in the present study is furnished in Table 1.
Days to 50% flowering
The critical study of the mean revealed that genotypes DDK-1051 (72 days) was earliest in days to 50% flowering, while TL-3006 late by 23 days i.e. 95 days.
Flag leaf area (cm2)
The mean values for number of Flag leaf area ranged from 20.71 (PBW-725) to 34.73 (GRU-2010-18/7). The grand mean was registered as 27.185. More Flag leaf area was also found for HIKK-05 (34.1) and PBW-760 (33.6). Less number of effective branches was also observed for DBW-88 (22.32) and GJW-463 (20.81).
Plant height
The mean values for plant height ranged from 123.8 cm (HIKK-06) to 64.06 cm (DBW-93). The grand mean for plant height was registered as 86.24 cm. The genotypes AKAW-4927 (73.46) and CG-1013 (72.26) were identified as short plants, while other tall genotypes identified were HIKK-05 (118.4) and HIKK-09 (115.5).
Days to maturity
Large extent of variation was observed for days to maturity ranged 135.75- (DDK- 1051) to 123.75 (PBW-703). Early maturity genotypes followed by DBW-71 (125.75) KBRL-79-2 (125.75) and KBRL-82-2. The grant mean was 131 days. The genotypes FLW-10 (135.75) and HI-8708 (d) (135.75) were identified as late maturity genotypes.
Number of tillers per plant
Large extent of variation was observed for Number of tillers per plant and mean values ranged from 10.03 (AKAW-3717) to 6.43 (DBW-88). Grant mean for Number of tillers was observed 8.42. The genotype DWAP-1530 (9.63) also recorded a greater Number of tillers, whereas AKAW-4927 (6.63) PWD-757 (6.5) and DBW-88 (6.43) had a lesser Number of tillers.
Spike length (cm)
Large extent of variation was observed for Spike length and mean values ranged from 13.11 (HIKK-06) to 7.68 (PBW-756). Grant mean for Spike length was observed 10. The genotype HIKK-05 (13.01) also recorded more Spike length, whereas HI-8737 (.98) and PDW-344 (7.91) had less Spike length.
Peduncle length (cm)
Peduncle length ranged from 23.91 (HIKK-06) to 16.11 (KBRL-82-2). Average Peduncle length was recorded as 19.373. Genotypes DBW-129 (23.8) and HIKK-05 (23.7) had more Peduncle length and the genotypes GJW-463 (16.39) and DBW-93 (16.18) had less Peduncle length.
Biological yield per plant (g)
Mean values of biological yield per plant ranged from 102.02 (HIKK-06) to 56.25 (DBW- 93) and the grant mean was registered 76.72. Maximum biological yield per plant was also recorded for HIKK-09 (101) and HIKK-05 (100.6), while less biological yield per plant was recorded for DBW-71 (62.2) and GJW-463 (60.3).
Grain yield per plant (gm)
Mean values of Grain yield per plant ranged from 43.87 (HTW 11) to 19.81 (AKAW 4927) and the grant mean was registered 31.9. Maximum Grain yield per plant was recorded for H (41.7) and HS-627 (41.2), while less Grain yield per plant HIKK-05 (21.28) HIKK-06 (20.73).
1000 grain weight (g)
Mean values of thousand grain weight ranged from 45.33 (HI-8777) to 29.29 (DHTW 60) followed by 44.73 (UAS-459), 44.46 (PDW-344) and 44. 43 (HS-626). The grant mean was 37.77.

Harvest Index (%)
Large extent of variation was observed for Harvest Index ranged 57.60 (HS-627) to 18.50 (HIKK-06). High harvest index genotypes followed by HI-8777 (56.5), HW- 5207 (56.1) and HS-626 (55.8). The grant mean was 42.347. The genotypes PBW- 760(24.3), and HIKK-05 (19.4) were identified as low harvest index genotypes.
For every character in the study, the analysis of variance revealed extremely significant differences between the treatments. In essence, it indicated that there was a great deal of material variety that might be effectively utilized in upcoming breeding initiatives to create high-yielding New Plant Type varieties. Paul et al. (2006) and Kumar and Mishra (2004) made similar findings.
ESTIMATES OF CORRELATION COEFFICIENT
The correlation coefficients were estimated for all the characters studied with grain yield per plant and among the character themselves both at genotypic and phenotypic level. Genotypic correlation coefficients between most of the characters were higher in magnitude than the phenotypic correlation coefficients in Table 4 and 5.
Phenotypic correlation
Days to flowering to other characters
Days to flowering has shown highly non-significant negative correlation with spike length (0.252), plant height (-0.128) biological yield per plant (-0.120), peduncle length (- 0.081), grain yield per plant (-0.058) and flag leaf area (-0.053). Positive non- significant correlation with days to maturity (0.461) and 1000 grain weight (0.10).
Flag leaf area to other characters
Flag leaf area has shown highly non-significant negative correlation with harvest index (-0.381), tiller per plant (-0.343) grain yield per plant (-0.231) thousand grain weight (- 0.122), Days to 50% flowering (-0.053) and days to maturity (-0.003). Positive non- significant correlation with peduncle length (0.487) and biological yield per plant (0. 457).
Plant height with other characters
Plant height has shown non-significant positive correlation with biological yield per plant (0.907), peduncle length (0.881) and spike length (0.551) Where as non- significant negative correlation with harvest index (-0.4), tillers per plant (-0.198) and Days to 50% flowering (0.128).
Days to maturity to other characters
The character days to maturity has shown non-significant negative correlation with spike length (-0.133), and flag leaf area (-0.003). Positive non-significant correlation with tiller per plant (0.226) and Days to flowering (0.461).
Tillers per plant with other character
Productive tillers per plant have shown highly non-significant positive correlation with days to maturity (0.226), grain yield per plant (0.212), harvest index (0.137), biological yield per plant (0.117), days to 50% flowering (0.101) and plant height (0.095) whereas non-significant negative correlation with flag leaf area (-0.343), spike length (- 0.16) and thousand grain weight (-0.116).
Spike length with other characters
Spike length has shown non-significant negative correlation with days to 50% flowering (0.252), harvest index (-0.186), days to maturity (-0.133) and tillers per plant (- 0.16). Whereas non-significant positive correlation with peduncle length (0.576), plant height (0.551) biological yield per plant (0.502), flag leaf area (0.385) and grain yield per plant (0.072).
Peduncle length with other characters
Peduncle length has shown non-significant negative correlation with harvest index (-0.345), thousand grain weight (-0.149), and days to 50% flowering (-0.081). Whereas non-significant positive correlation with biological yield per plant (0.845), plant height (0.881), spike length (0.576), flag leaf area (0.487), days to maturity (0.104), grain yield per plant (0.054) and tiller per plant (0.016).
Biological yield per plant with other characters
Biological yield per plant has shown highly non-significant negative correlation with harvest index (-0.564), thousand grain weight (-0.210), grain yield per plant (0.124) and days to 50% flowering (-0.12). whereas non-significant positive correlation with plant height (0.907), peduncle length (0.845), spike length (0.502) and flag leaf area (0.457).
Grains yield per plant with other characters
Grains yield per plant has shown highly non-significant positive correlation with harvest index (0.878), thousand grain weight (0.325), and tiller per plant (0.212), spike length (0.072) and days to maturity (0.049). whereas non-significant negative correlation with flag leaf area (-0.231), biological yield per plant (-0.124) and days to 50% flowering (-0.058).
1000 grain weight with other characters
Thousand grain weight has shown highly non-significant positive correlation with harvest index (0.355), grain yield per plant (0.325), days to maturity (0.201), and days to 50% flowering (-0.1), whereas non-significant negative correlation with grain yield per plant (0.878), and plant height (-0.198).
Harvest index with other characters
Harvest index has shown highly non-significant negative correlation with biological yield per plant (-0.564), plant height (-0.400), flag leaf area (-0.381), peduncle length (-0.345) and spike length (-0.186). whereas non-significant positive correlation with plant height (0.907), thousand grain weight (0.355), tiller per plant (0.137), days to maturity (0.027) and days to 50% flowering (0.022).

Genotypic Correlation
(i) Days to flowering to other characters
Days to flowering has shown highly significant negative correlation with spike length - 0.053*. Positive significant correlation with days to maturity 0.461**. Non- significant negative correlation with plant height -0.128, biological yield per plant - 0.120 peduncle length -0.081, grain yield per plant -0.058 and flag leaf area -0.053. Positive non-significant correlation with 1000 grain weight 0.10, harvest index 0.022.
(ii) Flag leaf area to other characters
Flag leaf area has shown highly significant negative correlation with harvest index
- 0.381**, tiller per plant -0.343**, grain yield per plant -0.231*. Positive significant correlation with peduncle length 0.487** and biological yield per plant 0. 457. Flag leaf area has shown highly non-significant negative correlation with thousand grain weight - 0.122, Days to 50% flowering -0.053 and days to maturity -0.003.
(iii) Plant height with other characters
Plant height has shown significant positive correlation with biological yield per plant 0.907**, peduncle length 0.881** and spike length 0.551** and flag leaf area 0.422**. Whereas significant negative correlation with harvest index -0.400**. Plant height has shown non-significant positive correlation with tiller per plant 0.095 and days to maturity -0.003, whereas non-significant negative correlation with thousand grain weight -0.198 and days to 50% flowering -0.128.
(iv) Days to maturity to other characters
Days to maturity has shown significant positive significant correlation with tiller per plant -0.226* and Days to flowering 0.461**. The character days to maturity has shown non-significant negative correlation with spike length -0.133, and flag leaf area - 0.003, positive non-significant correlation with
(v) Tillers per plant with other character
Tillers per plant has shown highly significant positive correlation with days to maturity 0.226* and with grain yield per plant 0.212*, whereas non-significant negative correlation with flag leaf area -0.343**. Tillers per plant has shown highly non- significant positive correlation, harvest index 0.137, biological yield per plant 0.117, days to 50% flowering 0.101 and plant height 0.095 whereas non-significant negative correlation with spike length -0.16 and thousand grain weight -0.116. (vi) Spike length with other characters
Spike length has shown significant negative correlation with days to 50% flowering -0.252*. Whereas significant positive correlation with peduncle length 0.576, plant height 0.551 biological yield per plant 0.502, flag leaf area 0.385. Spike length has shown non-significant negative correlation with days to 50% flowering 0.252, harvest index -0.186, days to maturity -0.133 and tillers per plant -0.16, whereas nonsignificant positive correlation with grain yield per plant 0.072.
(vii) Peduncle length with other characters
Peduncle length has shown non-significant negative correlation with harvest index - 0.345**. Whereas non-significant positive correlation with biological yield per plant 0.845**, plant height 0.881**, spike length 0.576** and flag leaf area 0.487**. Peduncle length has shown non-significant negative correlation with thousand grain weight 0.149, and days to 50% flowering -0.081. Whereas non-significant positive correlation with days to maturity 0.104, grain yield per plant 0.054 and tiller per plant 0.016.
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(viii) Biological yield per plant with other characters
Biological yield per plant has shown highly significant negative correlation with harvest index 0.564, thousand grain weight -0.210, whereas significant positive correlation with plant height 0.907, peduncle length 0.845, spike length 0.502 and flag leaf area 0.457. Biological yield per plant has shown highly non-significant negative correlation grain yield per plant 0.124 and days to 50% flowering -0.12, whereas non- significant positive correlation with plant height with days to maturity 0.066, tiller per plant 0.117.
(ix) Grains yield per plant with other characters
Grains yield per plant has shown highly significant positive correlation with harvest index 0.878**, thousand grain weight 0.325**, and tiller per plant 0.212*, whereas significant negative correlation with flag leaf area -0.231*. Grains yield per plant has shown highly non-significant positive correlation with spike length 0.072 and days to maturity 0.049, whereas non-significant negative correlation with biological yield per plant -0.124 and days to 50% flowering -0.058.
(x) Thousand grain weight with other characters
Thousand grain weight has shown highly non-significant positive correlation with harvest index 0.355** and grain yield per plant 0.325**, whereas significant negative correlation biological yield per plant -0.210**. Thousand grain weight has shown highly non-significant positive correlation with days to maturity 0.201, and days to 50% flowering -0.1, whereas non-significant negative correlation with spike length
0.020 days to 50% flowering -0.100, tiller per plant -0.116, flag leaf area 0.122, peduncle length -0.149 and plant height -0.198.
(xi) Harvest index with other characters
Harvest index has shown highly non-significant negative correlation with biological yield per plant -0.564**, plant height -0.400**, flag leaf area -0.381** and peduncle length - 0.345**, whereas non-significant positive correlation with plant height 0.400** and thousand grain weight 0.355**. Harvest index has shown highly non-significant negative correlation spike length -0.186, whereas non-significant positive correlation with tiller per plant 0.137, days to maturity 0.027 and days to 50% flowering 0.022.
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Path Coefficient Analysis
The direct and indirect effects of different characters on grain yield per plant were worked out using path coefficient analysis at both phenotypic and genotypic level presented in Table.6.

Days to 50% flowering
Days to flowering has shown positive correlation with grain yield per plant (0.0219) was found negative. On portioning the genotypic correlation it was observed that days to 50% flowering had negative direct effect (-0.0219) and positive indirect effects via plant height (0.0027), flag leaf area (0.0011), spike length (0.00563), peduncle length (0.0014), biological yield per plant(0.00237) on the other hand days to maturity (-0.0098) 1000 grain weight (-0.00028), number of tiller per plant (-0.00197), grains per yield per plant (- 0.003), had negative indirect effect on harvest index.
Flag leaf area
Flag leaf area exhibited a negative direct effect (-0.07487) on grain yield per plant. Despite this, it showed notable positive indirect effects through biological yield per plant (0.38780), peduncle length (0.05742), and spike length (0.03712). These indirect contributions somewhat compensated for the negative direct effect. However, the total effect still remained negative, indicating that although flag leaf area supports other traits beneficial for yield, its overall contribution to grain yield is limited. Therefore, selection for this trait should be approached cautiously, especially if other traits with stronger direct effects are available.
Plant height
Plant height had a negative direct effect (-0.23958) on grain yield per plant, suggesting taller plants may not directly contribute to increased yield. However, it made significant positive indirect contributions via biological yield (0.73385), peduncle length (0.08927), and flag leaf area (0.04379). These indirect effects outweighed the negative direct influence, making plant height an important yield-associated trait. Though not directly enhancing yield, its positive associations with other yield-contributing characters suggest it should not be ignored in selection programs.
Days to maturity
Days to maturity had a very minor negative direct effect (-0.00107) on grain yield, indicating limited direct influence. However, it contributed positively through indirect effects, notably via biological yield per plant (0.05379), peduncle length (0.01112), and spike length (0.00691). These positive contributions indicate that while the trait alone may not significantly impact yield, it plays a supportive role by enhancing more influential characters. Thus, maintaining an optimal maturity period is important for maximizing the performance of other key traits.
Number of tillers per plant
The number of tillers per plant had a negative direct effect (-0.04241) on grain yield per plant. However, it exhibited positive indirect effects via biological yield per plant (0.11883), flag leaf area (0.02261), and plant height (0.00714). These indirect contributions suggest that although the direct impact of tiller number is negative, its role in enhancing other traits helps in improving overall yield. Therefore, this trait can be considered for indirect selection when combined with more effective yield components.

Spike length
Spike length had a positive direct effect (0.04513) on grain yield per plant. Additionally, it showed substantial indirect positive effects via biological yield per plant (0.39342), peduncle length (0.05722), and plant height (0.03863). This combination of direct and indirect effects highlights spike length as a reliable yield-enhancing trait. The results indicate that longer spikes not only directly influence grain production but also support other yield-related parameters, making it a strong candidate for selection.
Peduncle length
Peduncle length exhibited a positive direct effect (0.10110) on grain yield, along with considerable positive indirect effects through biological yield per plant (0.67845), spike length (0.05722), and plant height (0.08927). These strong effects suggest peduncle length is a key trait contributing both directly and indirectly to grain yield. Its ability to influence assimilate translocation and spike development further strengthens its value in selection. Therefore, it should be prioritized while choosing high-yielding genotypes.
Biological yield per plant
Biological yield per plant had the highest positive direct effect (0.78385) on grain yield, making it the most influential trait in the study. It also provided strong indirect contributions via peduncle length (0.67845), plant height (0.73385), and spike length (0.39342). This indicates that genotypes with high biological productivity are highly likely to produce more grain. The strong genetic association further validates it as a dependable selection criterion. Hence, biological yield per plant should be the primary target in any breeding program aiming to improve yield.
Grains per yield per plant
The trait showed strong correlation with biological yield and spike length, suggesting a positive indirect effect on grain yield. Traits such as spike length and peduncle length, which are positively associated with grains per plant, further reinforce its importance. The accumulation of more grains per plant contributes significantly to overall yield potential. Thus, while indirect, its impact is substantial and should be emphasized in selection.
1000 grain weight
1000-grain weight had a positive indirect effect, especially through biological yield and spike traits. Previous literature and correlations suggest it plays an important role in yield determination. Its influence is more pronounced in genotypes with heavier grains, contributing to total yield. Thus, it remains a critical trait for improving grain quality and yield, and should be used in combination with traits like biological yield and spike length for effective selection.
Grain weight per spike and plant height were found to positively correlate with grain yield per plant, according to Ayccek and Yldrm (2006). By taking into account the aforementioned characteristics, grain yield per plant can be increased. For the different features, such as grain weight per spike, some researchers have documented a direct impact on grain yield (Singh 2003, Lad et al. 2003, Khan et al. 2005).





Table 2. Analysis of variance for various quantitative characters.

	

S.V.
	

Df
	M.S.S.

	
	
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	Block (adj)
	3
	6.30
	32.58*
	117.97*
	0.75
	0.52
	5.20
	7.24*
	98.07*
	21.62
	6.87
	42.33

	Treatments (adj) #
	81
	17.93
	5.96
	90.58
	7.17
	0.59
	1.55
	3.74
	62.30
	32.57
	11.53
	77.53

	Among control
	2
	29.08
	2.977
	25.97
	14.25
	1.40
	1.09
	0.88
	26.99
	235.14
	10.25
	509.78

	Among test
	79
	17.65
	6.04
	92.21*.
	6.99
	0.57
	1.56
	3.81*
	63.19*
	27.44
	11.56
	66.59

	Test vs control
	1
	86.75
	6.51
	186.45*
	27.98
	0.51
	0.86
	9.90*
	88.61
	117.70
	9.26
	106.20

	Error
	7
	10.26
	2.29
	13.08
	4.78
	0.46
	1.79
	0.53
	9.23
	65.90
	8.93
	141.61


*,** Significant at 1 & 5 % level of significance
# Treatments are significant for all characters
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Table 3 Measure of variability for various quantitative characters

	
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	Mean
	85.30
	27.11
	86.64
	131.17
	8.45
	10.03
	19.46
	77.00
	32.31
	37.69
	42.65

	Min
	74.00
	22.12
	67.40
	124.00
	6.00
	6.90
	15.73
	60.18
	21.41
	30.54
	23.54

	Max
	97.00
	31.83
	123.80
	136.00
	10.00
	14.30
	23.86
	98.87
	41.47
	45.10
	58.26

	S. Deviation
	4.20
	2.57
	10
	2.86
	0.86
	1.58
	2
	8.48
	5.84
	3.38
	9.21

	S. Error
	0.43
	0.26
	1.043
	0.29
	0.09
	0.16
	0.20
	0.88
	0.60
	0.35
	0.96

	C.D. @5%
	3.89
	0.95
	6.65
	0.36
	4.28
	2.35
	1.42
	0.14
	0.23
	5.18
	0.23

	
C.V. @5%
	
12.95
	
10.57
	
12.59
	
17.00
	
5.66
	
2.90
	
2.53
	
2.38
	
5.55
	
1.06
	
1.38




Table 4 Phenotypic correlation of eleven agro-morphological traits

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	DFF
	1.000
	
	
	
	
	
	
	
	
	
	

	FLA
	-0.053
	1.000
	
	
	
	
	
	
	
	
	

	PH
	-0.128
	0.422
	1.000
	
	
	
	
	
	
	
	

	DM
	0.461
	-0.003
	0.074
	1.000
	
	
	
	
	
	
	

	TP
	0.101
	-0.343
	0.095
	0.226
	1.000
	
	
	
	
	
	

	SL
	-0.252
	0.385
	0.551
	-0.133
	-0.160
	1.000
	
	
	
	
	

	PL
	-0.081
	0.487
	0.881
	0.104
	0.016
	0.576
	1.000
	
	
	
	

	BYP
	-0.120
	0.457
	0.907
	0.066
	0.117
	0.502
	0.845
	1.000
	
	
	

	GYP
	-0.058
	-0.231
	0
	0.049
	0.212
	0.072
	0.054
	-0.124
	1.000
	
	

	TW
	0.100
	-0.122
	-0.198
	0.201
	-0.116
	-0.020
	-0.149
	-0.210
	0.325
	1.000
	

	HI
	0.022
	-0.381
	-0.400
	0.027
	0.137
	-0.186
	-0.345
	-0.564
	0.878
	0.355
	1.000


*,** Significant at 1 & 5 % level of significance
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Table 5 Genotypic correlation of eleven agro-morphological traits

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	GYP
	TW
	HI

	DFF
	1.000
	
	
	
	
	
	
	
	
	
	

	FLA
	-0.053
	1.000
	
	
	
	
	
	
	
	
	

	PH
	-0.128
	0.422**
	1.000
	
	
	
	
	
	
	
	

	DM
	0.461**
	-0.003
	0.074
	1.000
	
	
	
	
	
	
	

	TP
	0.101
	-0.343**
	0.095
	0.226*
	1.000
	
	
	
	
	
	

	SL
	-0.252*
	0.385**
	0.551**
	-0.133
	-0.160
	1.000
	
	
	
	
	

	PL
	-0.081
	0.487**
	0.881**
	0.104
	0.016
	0.576**
	1.000
	
	
	
	

	BYP
	-0.120
	0.457**
	0.907**
	0.066
	0.117
	0.502**
	0.845**
	1.000
	
	
	

	GYP
	-0.058
	-0.231*
	0
	0.049
	0.212*
	0.072
	0.054
	-0.124
	1.000
	
	

	TW
	0.100
	-0.122
	-0.198
	0.201
	-0.116
	-0.020
	-0.149
	-0.210*
	0.325**
	1.000
	

	HI
	0.022
	-0.381**
	-0.400**
	0.027
	0.137
	-0.186
	-0.345**
	-0.564**
	0.878**
	0.355**
	1.000


*,** Significant at 1 & 5 % level of significance
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Table 6 Path coefficient direct and indirect effect of all other characters on grain yield

	Traits
	DFF
	FLA
	PH
	DM
	TP
	SL
	PL
	BYP
	HI
	TW

	DFF
	-0.0219
	0.00367
	0.03019
	-0.00048
	-0.00382
	-0.0116
	-0.00647
	-0.08671
	0.00076
	0.01637

	FLA
	0.00107
	-0.07487
	-0.12003
	0.01773
	0.01281
	0.01832
	0.05742
	0.3878
	-0.00082
	-0.5917

	PH
	0.00276
	-0.03751
	-0.23958
	-0.00008
	-0.00407
	0.0245
	0.08927
	0.73385
	-0.00104
	-0.6131

	DM
	-0.00983
	-0.00007
	-0.01749
	-0.00107
	-0.01056
	-0.00704
	0.01112
	0.05379
	0.0012
	0.02896

	TP
	-0.00197
	0.02261
	-0.023
	-0.00027
	-0.04241
	-0.00623
	0.00303
	0.11883
	-0.00052
	0.16492

	SL
	0.00563
	-0.0304
	-0.13009
	0.00017
	0.00585
	0.04513
	0.05722
	0.39342
	-0.0002
	-0.34873

	PL
	0.0014
	-0.04253
	-0.21155
	-0.00012
	-0.00127
	0.02554
	0.1011
	0.67845
	-0.00082
	-0.5212

	BYP
	0.00237
	-0.03616
	-0.21898
	-0.00007
	-0.00628
	0.02211
	0.08543
	0.8029
	-0.00115
	-0.79817

	HI
	-0.003
	0.01116
	0.04504
	-0.00023
	0.00399
	-0.00162
	-0.01506
	-0.167
	0.00551
	0.56023

	TW
	-0.00028
	0.03519
	0.11668
	-0.00002
	-0.00556
	-0.0125
	-0.04185
	-0.50904
	0.00245
	1.25894
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CONCLUSION
· Studies of variation indicated that considerable amount of variation for plant height followed by days to maturity, days to 50% flowering, plant height and flag leaf area which may be utilized for breeding for improvement.
· All traits showed high heritability except tillers per plant.
· Correlation and path analysis provided information about yeild components. Thus, it helps in selection of superior genotype from diverse genetic population.
· Path coefficient analysis provides information about highly positive association ship of plant height, spike length, peduncle length, biological yield per plant, harvest index and 1000-grain weight. Plant height indicated maximum emphasis should be given while making selection for improving yield.
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