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Analysis of Components of Variances for Yield and Its Component Traits in Bread Wheat (Triticum aestivum L. em. Thell)

ABSTRACT
[bookmark: _GoBack]The study was conducted during the 2023–25 Rabi season at the Research Farm of the Department of Genetics and Plant Breeding, School of Agriculture, Lovely Professional University, Punjab, India. Thirteen genetically diverse wheat genotypes, including ten lines from NBPGR and three testers from IIWBR, were crossed in a Line x Tester mating design to generate 30 F1 hybrids. These hybrids, along with their parents and a standard check variety, were evaluated to determine the type of gene action influencing yield and associated traits. Observations were recorded on eleven quantitative characters viz., days to 50% flowering, days to maturity, plant height (cm), number of effective tillers per plant, length of main spike (cm), number of spikelets per main spike, number of grains per main spike, thousand grain weight (g), biological yield per plant, harvest index and grain yield per plant (g). The experimental material was sown in a randomized block design (RBD) with three replications. The findings of the study emphasize the potential of utilizing both additive and non-additive gene effects in wheat improvement programs. The identified superior parental lines and cross combinations can be effectively utilized in future breeding strategies aimed at enhancing productivity and adaptability in bread wheat.
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1. INTRODUCTION
Wheat has been considered as one of the most significant cereal crops of the world having a great impact on human (Askander et al., 2021). Wheat (Triticum aestivum L.) is a self-pollinated crop belonging to the family Poaceae. It is a hexaploid crop having 42 chromosomes (2n=6x=42) (Khan et al., 2022). It originated in South-West Asia. Wheat occupies about 32% of the total acreage under cereals in the world. India accounts an area of 31.61 million hectares and production of 109.5 million tonnes with a productivity of 3464 kg/ha. In Punjab, wheat grown on 3.53 million ha area with total production of 12.36 million tonnes and a productivity of 4862 kg/ha, which is higher than the national productivity. Punjab accounts for 15.65% of the total wheat produced in India. It ranks third in wheat production whereas it ranks first in productivity per ha area (Anonymous, 2022). Major part of wheat grain is composed of 70 percent of carbohydrates and 13 percent of protein. It has 5.9 percent of starch, lipids and ash contributing about 1.8 percent each, 2 percent of reducing sugars and 6.7 percent of pentosane. Furthermore, it has 37 mg/100 gm of calcium, 4.1 mg/100 gm of iron, 0.45 mg/100 gm of thiamine and 5.4 mg/100 gm of Nicotinic acid. Consumption of 100 gm of wheat food provides approximately 327 K Cal of energy (Tiwari et al., 2021). Despite its richness of nutrients, based on the protein content, wheat is divided into hard wheat and soft wheat. 
The genetic diversity of Aegilops tauschii (AT), the donor of the D genome in hexaploid common wheat, has played a pivotal role in modern wheat evolution. This wild relative is widely distributed and serves as a valuable genetic reservoir due to its exceptional resistance to diseases, pests and environmental stresses. Approximately 9,000 years ago, an accidental hybridization event introduced the D genome from Aegilops tauschii into emmer wheat (Triticum dicoccum), resulting in the creation of hexaploid common wheat. Today, this hexaploid species constitutes nearly 95% of global wheat production, while tetraploid durum wheat (T. turgidum ssp. durum) accounts for the remaining 5% (Chai et al., 2022).
The development of dwarf wheat varieties revolutionized global agriculture through the introduction of the Norin 10 gene. This gene was derived by crossing Daruma with native American varieties. In 1948, researchers in the United States crossed Norin 10 with Brevor, another native American variety, creating the Norin-Brevor cross. Later in 1954, this cross was introduced to CIMMYT in Mexico, where Norman Borlaug and his team developed numerous high-yielding varieties (HYVs) of wheat. These HYVs were subsequently introduced into India during the Green Revolution, leading to unprecedented increases in production (Antony et al., 2019). Considering the significance of the factors mentioned above, it became essential to conduct this research on newly developed, improved genotypes. The study was designed with the following objectives: To study the nature and magnitude of gene action involves in the expression of quantitative traits.
2. [bookmark: _Hlk199165965]MATERIALS AND METHODS
[bookmark: _Hlk199165987]2.1 Experimental Site
The crossing program was organized for development of hybrids during rabi 2023-24 and evaluation of parents and F1 crosses during rabi 2024 –25, at the agriculture research farm, Lovely Professional University, Phagwara, Punjab, India.
[bookmark: _Hlk199166061]2.2 Experimental Materials
The experimental materials for the study included 13 parents, among which 10 were lines (females) and 3 were testers (males), along with 30 F1 hybrids. Lines and testers were selected based on their diverse genetic backgrounds and contrasting performance for key yield and morphological traits. This ensured maximum variability for estimating combining ability and identifying superior parents. The chosen parents also represented potential sources of complementary traits, enabling the development of high-performing hybrids. These materials were used in the experiment to investigate components of variances and per se performance of hybrids. The list of parents is tabulated in Table 1.
Table 1. List of parents used for crossing programme
	[bookmark: _Hlk199166100]S.No.
	List of Parents
	Source/Parentage

	1
	IC78815
	NBPGR, New Delhi

	2
	IC82221
	NBPGR, New Delhi

	3
	IC532155
	NBPGR, New Delhi

	4
	IC60213
	NBPGR, New Delhi

	5
	[bookmark: _Hlk203816134]IC82137
	NBPGR, New Delhi

	6
	[bookmark: _Hlk203816049]IC532802
	NBPGR, New Delhi

	7
	[bookmark: _Hlk203816284]IC534770
	NBPGR, New Delhi

	8
	[bookmark: _Hlk203816146]IC532780
	NBPGR, New Delhi

	9
	[bookmark: _Hlk203816037]IC79068
	NBPGR, New Delhi

	10
	[bookmark: _Hlk203816070]IC532908
	NBPGR, New Delhi

	11
	[bookmark: _Hlk203816092]UNNAT 343
	IIWR, Karnal

	12
	[bookmark: _Hlk203816213]SKW – 196
	IIWR, Karnal

	13
	[bookmark: _Hlk203816299]PBW - 677
	IIWR, Karnal



2.3 Hybridization program for production of parental and hybrid seeds
In the rabi – 2023, the parents seeds were sown to attempt crossing in Line x Tester mating design. The sowing was done in rows spaced 22.5 cm apart, with 10 cm between plants. All necessary steps were taken to ensure the crop was healthy. A total of 30 hybrids were developed by crossing 13 parents in Line x Tester fashion. To create these hybrids, the female parent spikes were carefully selected and emasculated between 4 to 6 pm the day before they were set to bloom. They were then covered with a butter paper bag to prevent cross – pollination. The next morning, between 7 to 9 am, the desired male parent pollen was collected freshly using a brush and used to pollinate the female flowers. After pollinations, the female parent was covered again and labelled with the cross name and date of pollination.
In addition to creating hybrids, the male and female parent plants were also self-pollinated by covering their flower buds with butter paper bags before they bloomed. When spikes were fully mature, the crossed and self-pollinated spikes were harvested separately. The grains were threshed and stored in paper bags labelled with the specific cross they came from.
2.4 Methods
2.4.1 Experimental details
The experimental material, consisting of 44 entries including 13 parents and their 30 crosses and one check variety, was laid out in a Randomized Block Design (RBD) with three replications during season of rabi. Each entry was presented by a double row plot spaced at 22.5 x 10 cm. Experimental details are tabulated in Table 2.
Table 2: Experimental details of wheat
	1stSeason 2023 – 2024 (Crossing and Seed multiplication)

	1.
	Crop
	:
	Wheat

	2.
	Treatments / Genotypes
	:
	13 (10 lines + 3 testers)

	3.
	Spacing
	:
	22.5 X 10 cm

	4.
	Row to row
	  :
	22.5 cm

	5.
	Plant to plant
	  :
	10 cm

	6.
	Season
	:
	Rabi

	7.
	Date of sowing
	:
	15 – 11 – 2023

	2ndSeason 2024 – 2025 (Evaluation)

	1.
	Number of genotypes
	:
	44 (10 lines + 3 testers + 1 check + 30 F1)

	2.
	Experimental design
	:
	RBD

	3.
	Replications
	:
	3

	4.
	Plot size
	:
	44 X 9 m = 396 Sq mts

	5.
	Season
	:
	Rabi

	6.
	Date of sowing
	:
	21 – 11 – 2024



2.4.2 Observations recorded
Observations were recorded on eleven quantitative characters viz., days to 50% flowering, days to maturity, plant height (cm), number of effective tillers per plant, length of main spike (cm), number of spikelets per main spike, number of grains per main spike, thousand grain weight (g), biological yield per plant, harvest index and grain yield per plant (g). Data were collected from all 30 F1 hybrids, 13 parents and one standard check for each of the traits under study.
2.4.3 Statistical Analysis
Estimation of GCA and SCA effects
ANOVA for analysis of combining ability using Line x Tester method and test of significance for different genotypes was performed according to Kempthorne (1957) and Singh and Chaudhary (1985).
The individual effects of General Combining Ability (GCA) and Specific Combining Ability (SCA) were estimated by calculating the two-way table of female and male parents, and then summing the values obtained over multiple replications. 
(a) GCA effects of Ath line

(b) GCA effects of Bth tester

(c) SCA effects of ABth cross
 
Where,
. = total sum of all crosses, xA. = total sum of Ath lines over all testers and replications
xA = total of Bth tester over all lines and replications, 
xAB = ABth line x tester combination total over all replications, 
r = No. of replications, L and T = No. of of lines and testers.
Estimation of variances of GCA and SCA 
Estimation of variance of GCA and SCA was calculated by formulae (Singh and Chaudhary, 1977).



Where,
M.L = Mean squares of female lines, M.T = Mean squares of male testers, M.L.T = Mean squares of line x tester (cross), L and T = number of lines and testers, r = number of replications.

Contribution of line, testers and their interactions to total variance
Proportional contribution of line, testers and their interactions to total variance computed as per (Singh and Chaudhary, 1977).



Where,
S.S.L = sum squares of lines
S.S.T = sum squares of testers
S.S crosses = sum squares of crosses
S.S Line x Tester = sum squares of line × tester
3. RESULTS AND DISCUSSION
3.1 Estimates of components of variances and their magnitude
The estimates of general combining ability (GCA) and specific combining ability (SCA) variances, average degree of dominance, predictability ratio, additive and dominance variances and heritability in narrow sense have been presented in Table 3.
Estimates of SCA variances were higher than corresponding estimates of GCA variances for all characters except Number of effective tillers per plant and biological yield per plant. Highest GCA variance was reported for days to 50% flowering (0.33) followed by grains per spike (0.24), spikelets per spike (0.1). Other traits exhibited lesser amount of GCA variance. Highest SCA variance was observed in days to 50% flowering (31.72) followed by plant height (26.64), harvest index (21.07), other traits exhibited lesser amount of SCA variance. The values of average degree of dominance were more than unity (>1) revealing over dominance for all characters. The highest value was recorded for harvest index (53.01), followed by plant height (26.14), effective tillers per plant (22.14) and thousand grain weight (21.61), while the lowest value was recorded for biological yield per plant (9.96).
The predictability ratio was less than one for all the traits under study. Highest predictability ratio was observed in biological yield per plant (0.02), followed by spike length and spikelets per main spike (0.01), while traits like plant height, effective tillers per plant, thousand seed weight and harvest index exhibited a predictability ratio of zero. The estimates of heritability in narrow sense (h2 (ns)) have been classified by Robinson (1996) into three categories viz., high (>30%), medium (10-30%) and low (<10%). The highest heritability was observed for biological yield per plant (2.01), followed by grains per spike (1.48), spike length (1.11), days to 50% flowering (1.04) and spikelets per spike (1.01). Other traits like days to maturity (0.80), grain yield per plant (0.43), thousand seed weight (0.43) and number of effective tillers per plant (0.41) also showed high heritability values. Medium heritability (10–30%) was recorded for plant height (0.29), while low heritability (<10%) was observed only for harvest index (0.07).
Similar patterns of trait-specific variation in additive and non-additive components have been documented by Singh et al. (2023) and Gupta et al. (2022), who emphasized that phenological traits such as days to 50% flowering and spike-related attributes often exhibit considerable additive variance, making parent selection effective. The high GCA variance observed for days to 50% flowering, grains per spike, and spikelets per spike further supports the role of additive genetic control, consistent with findings of Baenziger et al. (2022) and Al Bari et al. (2023). Conversely, traits exhibiting large SCA variances, such as plant height, harvest index, and spike length, align with the results of Altaweel et al. (2021) and Amein et al. (2022), who reported strong non-additive effects for growth and yield-related parameters.
Table 3: Components of variance, degree of dominance, additive and dominance components and heritability in narrow sense for various characters of wheat.
	Characters
	GCA variance (σ2g)
	SCA variance (σ2 s)
	Average degree of dominance
	Predictability Ratio (2σ2 g/2σ2 g σ2 s)
	Heritability (ns)

	DFF
	0.33
	31.728
	13.87
	0.01
	1.04

	DM
	0.049
	6.132
	15.82
	0.01
	0.8

	PH
	0.078
	26.644
	26.14
	0
	0.29

	ETL
	0.002
	0.49
	22.14
	0
	0.41

	SL
	0.089
	8.05
	13.45
	0.01
	1.11

	SPS
	0.1
	9.91
	14.08
	0.01
	1.01

	GPS
	0.24
	16.21
	11.62
	0.01
	1.48

	TSW
	0.02
	4.67
	21.61
	0
	0.43

	BYP
	0.1
	4.963
	9.96
	0.02
	2.01

	HI
	0.015
	21.075
	53.01
	0
	0.07

	GYP
	0.033
	2.958
	13.39
	0.01
	1.12

	DFF- days to 50% flowering, DM- days to maturity, PH- plant height (cm), ETL- number of effective tillers per plant, SL- length of main spike (cm), SPS- number of spikelets per main spike, GPS- number of grains per main spike, TSW- thousand grain weight (g), BYP- biological yield per plant, HI- harvest index, GYP- grain yield per plant (g).




3.2 Per se performance of parents and their hybrids
The mean performance of parents and their hybrids for yield and its component traits is presented in Table 4.
Substantial variation was recorded among parents and hybrids for key phenological and architectural traits. Days to 50% flowering ranged from 68.5 to 95.3 days (mean: 79.2 days), with IC79068 being the earliest among parents (68.5 days), while the cross IC532155 × PBW-677 flowered earliest among hybrids (73.7 days). Days to maturity exhibited a similar trend, varying from 105.5 to 128.7 days (mean: 111.8 days). IC82221 matured earliest among parents (108.2 days), whereas IC532155 × PBW-677 recorded the minimum maturity duration among hybrids (105.5 days). Plant height ranged between 90.10 and 113.60 cm (mean: 101.0 cm), with IC532155 being the shortest (95.20 cm), while the hybrid IC532802 × PBW-677 attained the maximum height (113.60 cm). Effective tillers per plant varied from 5.10 to 8.30 (mean: 6.60), with IC78815 showing the highest tillering ability among parents (8.00), and IC79068 × PBW-677 showing the highest number of tillers among hybrids (8.30). Spike length also revealed wide variability, ranging from 10.70 to 20.00 cm (mean: 13.10 cm). The longest spike was produced by IC534770 × SKW-196 (20.00 cm), while the shortest was observed in the parent IC534770 (10.70 cm). Spikelets per main spike ranged from 17.10 to 29.90 (mean: 22.00), with IC60213 recording the highest among parents (24.90), whereas IC532908 × UNNAT-343 produced the maximum among hybrids (29.90).
Significant genetic variability was also evident in the yield-determining traits across parents and hybrids. Grains per spike ranged from 23.40 to 41.20 (mean: 30.40), with IC532802 outperforming parents (29.40), while the hybrid IC534770 × SKW-196 produced the highest grain number (41.20). Thousand-grain weight showed considerable variation (39.80–49.50 g; mean: 43.80 g), with IC60213 recording the maximum among parents (46.60 g) and IC532908 × UNNAT-343 registering the highest among hybrids (49.50 g). Biological yield per plant ranged from 27.30 to 41.20 g (mean: 31.80 g), with IC82137 performing best among parents (41.20 g), while IC79068 × UNNAT-343 recorded the maximum biological yield among hybrids (39.50 g). Harvest index varied notably from 30.90 to 52.50 (mean: 41.90), with IC60213 showing the highest among parents (43.70) and IC532908 × UNNAT-343 achieving the highest among hybrids (52.50). Grain yield per plant, the key trait of interest, ranged from 11.20 to 18.00 g (mean: 13.30 g). Among parents, IC534770 produced the highest yield (14.90 g), whereas the hybrid IC532908 × UNNAT-343 recorded the maximum grain yield (18.00 g), surpassing both parents and the check variety (12.30 g).









Table 4: Per se Performance of wheat for grain yield and its component traits
	SN
	Genotypes
	DFF
	DM
	PH
	ETL
	SL
	SPS
	GPS
	TSW
	BYP
	HI
	GYP

	1
	L1 X T1
	79.9
	111.1
	102.5
	6.9
	12.9
	20.3
	30.7
	41.8
	28.4
	47.2
	13.4

	2
	L1 X T2
	80.1
	111.9
	98.8
	6.9
	11
	19.1
	32.9
	45.1
	29.8
	41.9
	12.5

	3
	L1 X T3
	77.9
	110.6
	99.1
	6
	12.3
	19.3
	32.1
	44
	32.4
	37.8
	12.3

	4
	L2 X T1
	80.4
	115.1
	107.1
	6.5
	11.6
	17.1
	28.9
	40.6
	30.7
	48
	14.8

	5
	L2 X T2
	81.2
	112.8
	96.5
	6.3
	12.3
	18.5
	30.3
	42
	28.9
	49.1
	14.2

	6
	L2 X T3
	83.7
	110.3
	92.1
	6.3
	11.8
	21.3
	33.3
	41
	28
	44
	12.3

	7
	L3 X T1
	80.1
	109.5
	104.7
	6.3
	13.6
	21.5
	26.3
	42.3
	31.3
	44.1
	13.8

	8
	L3 X T2
	75.1
	108.7
	105.3
	6.3
	12
	22.9
	32.5
	43.9
	28.4
	47.4
	13.4

	9
	L3 X T3
	73.7
	105.5
	101.4
	5.3
	12.8
	20.2
	32.3
	44
	29.7
	41.4
	12.3

	10
	L4 X T1
	86.1
	113.7
	111.5
	8
	17.4
	23.9
	35.3
	47.3
	36.3
	49.1
	17.8

	11
	L4 X T2
	77.6
	106.1
	93.7
	6.7
	11.6
	18.3
	30.2
	43.2
	31.2
	40.9
	12.7

	12
	L4 X T3
	76.6
	109
	101.9
	6.1
	10.9
	21.6
	31.5
	42.8
	29.8
	42.5
	12.7

	13
	L5 X T1
	76
	109
	101.2
	6.7
	13.7
	21.7
	31.2
	44.3
	27.7
	46
	12.7

	14
	L5 X T2
	76.5
	108.1
	101.4
	6.2
	12.5
	19.8
	29.8
	42.9
	29.6
	38.6
	11.4

	15
	L5 X T3
	74.3
	108
	95.8
	6.7
	13.3
	21.5
	33.9
	43.1
	28.2
	40.5
	11.4

	16
	L6 X T1
	75.1
	107
	102.1
	6.1
	12.3
	19.6
	28.3
	42.8
	30.1
	48.1
	14.4

	17
	L6 X T2
	77.7
	109.7
	102.9
	6.1
	11.5
	21.9
	34.1
	40.1
	30.4
	47.9
	14.6

	18
	L6 X T3
	95.3
	111.7
	113.6
	8
	19.5
	28.3
	37.1
	45.6
	34.3
	43.4
	14.9

	19
	L7 X T1
	79.5
	107.8
	100.4
	7
	12.8
	20.2
	30.4
	42.1
	39.5
	31.6
	12.5

	20
	L7 X T2
	83.7
	112.8
	104.6
	7.6
	20
	27
	41.2
	43.9
	32.8
	51.2
	16.8

	21
	L7 X T3
	80.3
	110.3
	104.6
	7.1
	12.6
	20.1
	27.3
	39.8
	31.8
	40.5
	12.9

	22
	L8 X T1 
	78.1
	105.9
	98.2
	6.7
	13.5
	20
	29.9
	44.2
	29
	39.2
	11.4

	23
	L8 X T2
	78.7
	107.5
	90.1
	6.8
	13.1
	21.5
	32.4
	44
	30.2
	37.3
	11.2

	24
	L8 X T3
	75.9
	107
	97.6
	6.5
	12.1
	21.1
	32.7
	43.3
	27.7
	42.5
	11.8

	25
	L9 X T1
	78.4
	110.3
	94.9
	6
	13.3
	21.2
	29.8
	43.6
	30.9
	46.7
	14.4

	26
	L9 X T2
	88.1
	116.2
	105.5
	7.9
	18
	24
	37.5
	47.9
	32.2
	51.8
	16.6

	27
	L9 X T3
	77
	110.2
	96.3
	8.3
	13.8
	18.8
	29.7
	43.1
	29.5
	42.2
	12.5

	28
	L10 X T1
	92.4
	115.5
	107.3
	7.5
	19.1
	29.9
	40.1
	49.5
	34.4
	52.5
	18

	29
	L10 X T2
	76.7
	106.9
	101.6
	6.7
	12.6
	19.2
	31.5
	43.2
	27.3
	41.6
	11.4

	30
	L10 X T3
	76.2
	109.9
	102.1
	6.5
	12.1
	21.6
	29.2
	42.3
	30
	41.5
	12.4

	31
	L1
	78.9
	108.9
	104.6
	8
	11.9
	21.3
	29
	45
	30
	42.2
	12.6

	32
	L2
	78.3
	108.2
	98.9
	8
	11.3
	20.3
	28.9
	43.1
	32.4
	35.9
	11.6

	33
	L3
	79.4
	112.5
	95.2
	6.1
	12.4
	24.6
	28.7
	43.6
	33.2
	34
	11.3

	34
	L4
	81.6
	128.7
	98.7
	6
	12.4
	24.9
	27
	46.6
	33.1
	43.7
	14.4

	35
	L5
	79.1
	116.1
	105.7
	6.9
	10.9
	22.9
	26.8
	45.1
	41.2
	30.9
	12.7

	36
	L6
	80.1
	118.9
	104.5
	6.1
	11.1
	24.7
	29.1
	44.5
	32.6
	40.4
	13.2

	37
	L7
	77.7
	115.5
	99.5
	5.7
	10.7
	24.5
	25.3
	43.6
	36.6
	40.7
	14.9

	38
	L8
	84.1
	121.6
	100
	5.3
	12.2
	22.4
	25
	44.9
	31.7
	40.9
	12.9

	39
	L9
	68.5
	118.1
	97.3
	5.7
	12.6
	24
	24.7
	44.9
	38.3
	31.2
	11.9

	40
	L10
	77.8
	124.1
	104.9
	5.1
	13.7
	24.3
	24.2
	43.3
	33.4
	39.7
	13.3

	41
	T1
	80.1
	117
	102.4
	5.2
	12.1
	24.1
	27.4
	44.6
	31
	42
	13

	42
	T2
	69.9
	109
	99.7
	6.7
	11.7
	24.1
	23.4
	44.7
	35
	37.8
	13.2

	43
	T3
	76.9
	113.5
	101.5
	5.5
	13.2
	22.3
	25.9
	43.4
	37.3
	34.3
	12.8

	44
	Check
	80.1
	107.8
	95.7
	6.5
	14.1
	24.3
	28.7
	45.6
	34.8
	35.2
	12.3

	 
	Grand Mean
	79.2
	111.8
	101
	6.6
	13.1
	22
	30.4
	43.8
	31.8
	41.9
	13.3

	 
	SE±
	0.17
	1.05
	0.55
	0.17
	0.18
	0.34
	0.29
	0.35
	0.81
	1.27
	0.2

	 
	CD @ 5%
	0.49
	2.96
	1.53
	0.48
	0.51
	0.96
	0.82
	0.98
	2.28
	3.58
	0.56

	 
	CD @ 1%
	0.64
	3.92
	2.03
	0.64
	0.67
	1.28
	1.09
	1.3
	3.03
	4.75
	0.74

	 
	CV %
	0.38
	1.63
	0.94
	4.52
	2.39
	2.69
	1.66
	1.38
	4.43
	5.26
	2.61

	DFF- days to 50% flowering, DM- days to maturity, PH- plant height (cm), ETL- number of effective tillers per plant, SL- length of main spike (cm), SPS- number of spikelets per main spike, GPS- number of grains per main spike, TSW- thousand grain weight (g), BYP- biological yield per plant, HI- harvest index, GYP- grain yield per plant (g).




3.3 Proportional contribution of lines, testers and their interaction to variance.
The relative contribution of lines, testers and their interaction to total variances are presented in Table 5. The proportional contribution of lines for various characters ranged from 8.04 to 43.82. The analysis of proportional contribution revealed considerable differences in the relative influence of lines, testers, and their interactions on trait expression, reflecting the underlying genetic architecture and inheritance patterns. A higher proportional contribution of lines was evident for traits such as biological yield per plant (43.82%), days to maturity (41.25%), plant height (34.78%), number of tillers per plant (33.16%), and grain yield per plant (32.65%), indicating a predominant role of additive gene action in their inheritance. Similar observations were reported by Singh et al. (2023) and Baenziger et al. (2022), who noted that traits related to maturity, plant architecture, and biomass accumulation are largely governed by additive effects, contributing to consistent performance across generations. The moderate contributions of lines toward thousand grain weight (30.43%), harvest index (27.17%), spikelets per spike (24.06%), and days to 50% flowering (22.03%) further align with the findings of Al Bari et al. (2023) and Gupta et al. (2022), who emphasized the importance of additive variance in major yield-related and phenological traits. These results collectively suggest that selection among parents would be effective for genetic improvement in these traits.
In contrast, the contribution of testers remained relatively low across most traits, ranging from 0.21% to 15.39%, with the highest influence observed for grain yield per plant and harvest index. Similar trends of limited tester contribution have been reported for yield and spike-related traits in line × tester mating designs by Altaweel et al. (2021) and Chand et al. (2022). The predominance of non-additive gene action was clearly reflected in the exceptionally high proportional contribution of the line × tester interaction, which exceeded both lines and testers for nearly all traits. Interaction effects were highest for grains per spike (85.14%), spike length (77.24%), days to 50% flowering (76.34%), spikelets per spike (75.74%), and number of tillers per plant (66.62%), indicating strong dominance and epistatic interactions. Similar findings were reported by Amein et al. (2022) and Singh et al. (2023), who observed that grain number, spike architecture, phenology, and tillering ability are predominantly influenced by non-additive genetic effects, making hybrid development a more suitable strategy for exploiting heterosis. The substantial interaction effects for grain yield per plant (51.96%) and biological yield (47.00%) further confirm the importance of hybrid combinations for enhancing productivity. Overall, these results highlight that while additive gene action contributes significantly to some traits, the predominance of non-additive effects particularly for yield components makes heterosis breeding a highly promising approach for wheat improvement.
Table 5: Proportional contribution of lines, testers and their interaction to variance for various characters of wheat.
	Characters
	Contribution of Lines
	Contribution of Testers
	Line x Tester

	Days to 50% flowering
	22.03
	1.63
	76.34

	Days to Maturity
	41.25
	3.39
	55.36

	Plant Height
	34.78
	6.21
	59.01

	Number of Tillers per plant
	33.16
	0.21
	66.62

	Spike length
	20.54
	2.22
	77.24

	Spikelets per spike
	24.06
	0.21
	75.74

	Grains per spike
	8.04
	6.81
	85.14

	1000 Grain weight
	30.43
	3.53
	66.03

	Biological yield
	43.82
	9.18
	47

	Harvest Index
	27.17
	11.48
	61.35

	Grain yield
	32.65
	15.39
	51.96



CONCLUSION
The variance component analysis for GCA (σ²gca) and SCA (σ²sca) showed that the highest GCA variance was recorded for days to 50% flowering, followed by grains per spike and spikelets per spike. On the other hand, the highest SCA variance was found for days to 50% flowering, followed by plant height and harvest index. The average degree of dominance was greater than one for all traits except biological yield, indicating the presence of over-dominance. Additionally, the predictability ratio for all traits was found to be less than one, emphasizing the predominance of non-additive gene action.
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