  Evaluating Genetic Variation and Multi‑Trait Selection in Soybean Genotypes for Enhanced Yield

ABSTRACT: 
Aims: Present investigation was conducted to evaluate 42 soybean genotypes along with two commercial check varieties (JS 335 and Basara) for grain yield and attributing traits to identify best lines for yield and yield attributing trait, understanding of nature and magnitude of variability among the advanced lines and to know the association among the traits under study
Study design: Randomized block design with 3 replications
Place and Duration of Study: Present study was conducted at research farm of Agricultural Research Station, Adilabad, PJTAU, Telangana, India for two seasons, kharif, 2023 and kharif, 2024. 
Methodology: 42 genotypes were evaluated agaist two checks and the data was recorded on days to 50% flowering, plant height (cm), days to maturity, number of branches per plant, number of pods per plant, number of clusters per plant, 100 seed weight (g) on five randomly selected plants on each genotype in all the three replicates using standard procedure(IBPGR 1984). Grain yield was recorded in kg on plot basis for each genotype in all replications. Then converted to kg /ha using conversion factor. The broad-sense heritability (h2BS), selection differential (SD), selection differential percentage (SD %) and selection gain in percentage (SG %) were calculated as per standard formula. 
Results: The genotype ADSb 146 (3023 kg/ha) produced the highest mean grain yield followed by ADSb 109 (2748 kg/ha) ADSb 45 (2613 kg/ha) and ADSb 94 (2478 kg/ha) compared to the best check variety JS 335 (2338 kg/ha) across the seasons. The MGIDI was calculated to identify best genotypes when considering all measured traits. Based on MGIDI index, Basara, JS 335, ADSb 150 and ADSb 124 genotypes were selected as the best genotypes in both seasons. Through correlation, it was found that across the two seasons, days to 50% flowering, days to maturity, number of pods per plant and number of clusters per plant was significantly and positively correlated with grain yield. 
Discussion: ADSb 146,  ADSb 109, ADSb 45 and ADSb 94 were found superior for yield across the seasons. Based on MGIDI index, Basara, JS 335, ADSb 150 and ADSb 124 genotypes were selected as the best genotypes. These genotypes were valuable resources for the direct release as varieties or for large-scale testing under AICRP trials.
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1. INTRODUCTION:
Soybean (Glycine max (L.) Merr.) is one of the important leguminous crops in the world, as it provides more than one-quarter of the world’s protein for human and animal consumption (Graham and Vance 2003). Globally, approximately 362 million metric tonnes of soybean is produced per year. Further, in India soybean is grown across an area of 11.90 m ha with production of 11.8 million metric tonnes (SOPA 2021). However, in India its productivity (~1.0 t/ha) is far below the world average       (2.5 t/ha). Among various factors, pest and diseases are the most important ones responsible for low productivity in some of the major soybean growing countries including India (Maranna et al.2021). Currently India imports total edible oil worth USD 12.35 billion and soybean oil worth USD 2.4 billion (DGCIS 2020). Therefore, to reduce the edible oil imports, soybean breeders need to breed high yielding and disease resistant cultivars to make soybean cultivation sustainable in India. Worldwide soybean yield potential is restricted by the narrow genetic variation in G. max, hindering the potential for breeding soybean varieties with high environmental stress tolerance and resistance traits. Soybean possesses a narrow genetic base and in fact the varieties developed and released for cultivation can be traced back to only a few genotypes (Delannay et al. 1983; Gizlice et al. 1994; Bisen et al. 2015; Kumawat et al. 2015). Narrowing of soybean’s genetic base has been brought about by domestication and plant breeding processes. However, it has helped in achieving tremendous gains in yield potential, largely through hybridization between elite soybean cultures across the world (Thorne and Fehr 1970). Several means and methods are available to broaden the narrow genetic base, such as use of exotic germplasm in varietal development, use of wild species accessions for transfer of useful genes into the elite and adapted genetic background, and development of the breeding population by involving multi-parents. 
Precise estimation of genotypic values is critical for selection and recommendation of any genotype. Breeders often target multiple traits during the selection process, in addition to the yield performance. Multi-trait-based selections are often carried out using a linear-selection index: Smith-Hazel (SH) index 26. However, the multi-collinearity effect and irrational allocation of weightage coefficients to the traits under study, renders the SH index ineffective in achieving the desired genetic gain 27. A recent multivariate selection index, MGIDI that negates these drawbacks was found to outperform the SH  index 28.
To overcome the limitations of previously reported selection indices, the multivariate selection index genotype–ideotype distance index (MGIDI) (Olivoto and Nardino. 2020) has been developed, which accounts for the multi-collinearity and considers all the traits favourably. It provides a unique selection process that facilitates the fine tuning of stability and mean performance by considering multiple traits based on positive or negative selection differential required for a particular trait.
Multivariate analysis tools such as principal component analysis (PCA) and linear discriminant analysis have been extensively used in filed experiments (Ekka et al., 2021;Urun et al., 2021). These analyses were successfully employed to establish a relationship between traits but ranking of treatments based on single trait values remains a challenge. Multivariate approaches are needed to provide strategic treatment ranking considering value on multiple traits. To overcome limitations, multi-trait genotype-ideotype distance index (MGIDI) has been proposed (Olivoto & Nardino, 2021) and has been successfully used to select superior genotypes (Aboughadareh et al., 2021; Caballero et al., 2022; Farhad et al., 2022; Leon et al., 2021; Olivoto & Nardino, 2021; Uddin et al., 2021).
With this background the current investigation was performed with the following objectives – (i) development and evaluation of advanced breeding lines for yield and yield attributing trait ii) understanding of nature and magnitude of variability among the advanced lines iii) To know the association among the traits under study 
2. MATERIALS AND METHODS 
2.1 EXPERIMENTAL SITE 
The experiments were conducted over two seasons at Agricultural Research Station, Adilabad, PJTAU during kharif, 2023 and kharif, 2024. The handling of plant material used in the present investigation was carried out in accordance with relevant guidelines and regulations. 


2.2 EXPERIMENTAL DETAILS
Evaluation of advanced breeding lines for grain yield and attributing traits. 42 soybean genotypes along with two commercial check varieties (JS 335 and Basara) (Table 2) were grown in three replicates with 5 rows of 3 metres length for each genotype. The 42 were evaluated for two seasons, kharif, 2023 and kharif, 2024 (June–October) at research farm of Agricultural Research Station, Adilabad, PJTAU, Telangana, India to select the best genotypes. The data on days to 50% flowering, plant height (cm), days to maturity, number of branches per plant, number of pods per plant, number of clusters per plant, 100 seed weight (g) were recorded on five randomly selected plants on each genotype in all the three replicates using standard procedure(IBPGR 1984). Grain yield was recorded in kg on plot basis for each genotype in all replications. Then converted to kg /ha using conversion factor. The broad-sense heritability (h2BS), selection differential (SD), selection differential percentage (SD %) and selection gain in percentage (SG %) were calculated as per standard formula (Olivoto and Nardino, 2020).
The details have been given below: 
  1. h2 BS = ( Vgen) / (Vgen +Vres), 
          Where Vgen = genotypic variance, Vres = residual variance. 
  2. SD=Xs−Xo where, 
             Xs =mean of the selected genotypes, Xo = mean of the original population. 
  3.  (SD %) = (Xs –Xo) ×100

  4. (SG %) = [(Xs –Xo) × h2BS / Xo] ×100

 2.3 DATA ANALYSIS
 For the comparison of 44 genotypes including advanced breeding lines and check varieties, Analysis of Variance (ANOVA) was performed for each year of evaluation. All the analyses have were carried out using R software version 4.2.1 (R Core Team 2022). MGIDI index were calculated using R package ‘metan’ (Olivoto and Lucio, 2020). Correlation analysis has been carried out using R package “Performance-Analytics” (Peterson & Carl, 2018).
          3. RESULTS AND DISCUSSION
In the present investigation, quantitative data of 44 soybean genotypes were subjected to ANOVA for 8 characters which are presented in Table 1. The mean sum of square was observed significant for all the characters studied indicating that there is sufficient variation among the treatments. 
For grain yield, advance lines performed better than the best checks for both the years (Table 2). For instance, genotype ADSb 146 (3023 kg/ha) produced the highest mean grain yield followed by ADSb 109 (2748 kg/ha) ADSb 45 (2613 kg/ha) and ADSb 94 (2478 kg/ha) compared to the best check variety JS 335 (2338 kg/ha) across the seasons (Table 2). Similarly, 100-seed weight was the highest in the entry ADSb 149 (15.3 g)  and ADSb 146 (15. 3 g) followed by ADSb 151 (15.2 g), ADSb 154 (15.2 g), whereas the best check variety, JS 335 recorded 12.7 g for 100-seed weight. The details of year-wise performance and variability of the 44 genotypes are presented in Table 2. and Fig. 1.
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Fig. 1. Depiction of variability parameters in 42 advanced breeding lines and check varieties by violin plots




3.1 MEAN, SELECTION DIFFERENTIAL AND GENETIC GAIN 

Overall mean of the genotypes was higher for grain yield (2061 kg/ha) for the 2023 season than in 2024 (1726 kg/ha). Similarly, means for other traits like number of pods per plant, number of cluster per plant and 100-seed weight were also higher in 2023 than 2024. Selection differential was also found to be higher for the traits like grain yield, number of cluster per plant, number of branches per pant and plant height in 2024 season than in 2023. Whereas selection gain was higher in 2024 for Selection of genotypes based on MGIDI all traits, except number of pods per plant and 100-seed weight. The heritability was found to be high for all the traits for both years (Table 3). 
The MGIDI index was applied within each crop season to select genotypes that perform well in specific conditions; Based on the genetic gain, Basara, JS 335, ADSb 150 and ADSb 124 were selected in both thus exploiting narrow adaptations. The multi-trait genotype–ideotype distance index (MGIDI) was calculated to identify best genotypes when considering all measured traits. The broad-sense heritability (h2) ranged from 0.72–0.99 and 0.90–0.99 for the 2023 and 2024 seasons, respectively. Very high values of heritability were estimated for all traits under consideration, suggesting a strong likelihood of genetic gains. The genotypes selected using the MGIDI index were Basara, JS 335, ADSb 150, ADSb 154, ADSb 43, ADSb 124 and ADSb 58 for 2023 season (Fig. 2) Basara, JS 335, ADSb 107, ADSb 150, ADSb 152, ADSb 124 and ADSb 07 for 2024 season (Fig. 3). Further, Basara, JS 335, ADSb 150 and ADSb 124 genotypes were selected as the best genotype in both seasons.
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Fig.2. MGIDI index analysis for the 44  genotypes under study for selection of ideal genotypes during 2023
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   Fig.3. MGIDI index analysis for the 44  genotypes under study for selection of ideal genotypes during 2024
       3.2 CORRELATION ANALYSIS
 For correlation analysis, Grain yield was considered as dependent parameter and other parameters, namely, days to 50% flowering, days to maturity, Plant height, number of pods per plant, number of clusters per plant, number of branches  per plant, and 100-seed weight were counted as independent parameters. Through correlation, it was found that across the two seasons days to 50% flowering, days to maturity, number of pods per plant and number of clusters per plant were significantly and positively correlated with grain yield. The details of association among the yield and attributing traits are presented in Figures 4.
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        Fig.4. Association among the yield and attributing traits
Utility of MGIDI index in selecting ideal genotypes based on multiple traits has been demonstrated for yield attributing traits in soybean (Maranna et al., 2023; Maranna et al., 2021). The current study reports several genotypes superior based on MGIDI over two seasons. The current study made an attempt to dissect the performance of genotypes for yield and yield component traits in small field trial. Evaluation of genotypes in larger plot sizes is helpful in realized estimate of actual performance by reducing the error. Therefore, the superior genotypes identified from this study will be evaluated further in larger plots to check for their superiority over the best check varieties. Noteworthy to mention here that ADSb 109 ADSb 45 and ADSb  94  selected as superior over the best check variety and being evaluated under initial varietal trials (IVT) of All India Co-ordinated Research Project (AICRP) on soybean for its release as variety across the soybean growing areas in India. In the current study, the significant positive correlation of Grain yield was noticed with days to 50% flowering, days to maturity, number of pods per plant and number of clusters per plant as reported previously (Shivakumar et al., 2011; Maranna et al., 2021). The association indicated that direct positive selection for these traits helps in improvement of grain yield in soybean. 

4. CONCLUSION 
The study identified ideal genotypes performing over two seasons. ADSb 146, ADSb 109, ADSb 45 and ADSb 94 were found superior for yield across the seasons. Based on MGIDI index, Basara, JS 335, ADSb 150 and ADSb 124 genotypes were selected as the best genotypes. These genotypes were valuable resources for the direct release as varieties or for large-scale testing under AICRP trials.
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Table 1: Analysis of Variation (ANOVA) for quantitative traits across two seasons (2023 & 2024)
	Source of variation 
	df
	MSS

	
	
	DFF
	DM
	PH
	NBP
	NPP
	NCP
	TW
	GY

	
	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	Treatment
	43
	29.97*
	29.82*
	171.4*
	 226.3 *
	171.2*
	197.8*
	0.09*
	 0.55*
	186.8*
	 235.8*
	 14.5*
	 20.9*
	 2.53*
	 3.42*
	1317610.5*
	  1200100.3*

	 Replication
	2
	2.09
	 0.69
	5.69
	0.71
	37.17
	14.95
	0.49
	 0.26
	17.09
	 0.08
	 0.60
	 0.16
	 0.21
	 0.05
	 84674.82
	43815.01

	Error
	86
	0.25
	 0.88
	1.64
	0.98
	7.63
	6.49
	0.02
	 0.05
	10.65
	 13.02
	 1.71
	 0.56
	 0.03
	 0.04
	 37326.56
	34242.15

	CV 
 (at  5%)
	-
	1.51
	 2.81
	1.41
	   1.10
	7.40
	6.83
	9.44
	 12.00
	9.74
	 11.90
	 11.21
	 7.65
	 1.29
	 1.64
	9.37
	 10.72


 
Where, DFF= Days to 50% flowering, DM= Days to maturity, PH = Plant height (cm), NBP= Number of branches per plant,
               NPP= Number of pods per plant, NCP= Number of clusters per plant, TW = Test weight (g), GY=Grain yield (kg/ha)




















Table 2. Genotypic means for advanced breeding lines evaluated across two seasons

	Genotypes
	DFF
	DM
	PH
	NBP
	NPP
	NCP
	TW
	GY

	
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024
	2023
	2024

	ADSb 1
	30
	32
	82
	79
	35.9
	35.8
	1.5
	1.1
	31.6
	29.5
	11.4
	9.9
	12.4
	13.0
	1983
	1825

	ADSb 7
	32
	33
	89
	90
	37.2
	41.9
	1.9
	2.3
	34.0
	35.1
	11.4
	11.9
	15.2
	15.0
	1615
	1970

	ADSb 12
	30
	30
	82
	79
	29.8
	25.9
	1.5
	1.4
	24.5
	25.7
	8.0
	9.4
	13.4
	13.2
	2328
	1346

	ADSb 14
	31
	30
	87
	81
	29.9
	30.3
	1.7
	1.4
	30.1
	23.6
	9.5
	9.5
	12.4
	12.5
	2711
	1170

	ADSb 15
	30
	30
	86
	85
	29.5
	28.2
	1.5
	1.0
	30.6
	26.9
	8.8
	8.0
	13.3
	13.2
	2346
	1694

	ADSb 16
	33
	32
	83
	81
	30.9
	30.7
	1.8
	2.5
	32.1
	11.7
	11.7
	5.1
	12.9
	12.7
	2099
	405

	ADSb 18
	31
	32
	91
	85
	35.5
	32.2
	1.7
	1.1
	27.3
	25.0
	8.6
	9.6
	12.4
	12.1
	1785
	1459

	ADSb 19
	32
	32
	87
	89
	31.9
	32.6
	1.5
	2.3
	35.9
	32.5
	13.6
	10.6
	13.3
	12.6
	1820
	1128

	ADSb 21
	31
	30
	89
	85
	38.2
	36.5
	1.6
	1.8
	31.3
	29.9
	11.5
	9.8
	13.9
	13.0
	2615
	2227

	ADSb 22
	31
	30
	89
	88
	33.2
	32.6
	1.7
	1.9
	34.9
	41.5
	14.8
	13.5
	14.3
	13.7
	2437
	2452

	ADSb 24
	30
	30
	84
	79
	31.7
	32.2
	1.5
	1.1
	28.2
	24.7
	10.3
	8.0
	14.4
	14.5
	2168
	1491

	ADSb 25
	31
	29
	84
	82
	33.1
	33.1
	1.5
	1.6
	21.1
	17.9
	8.0
	6.0
	14.3
	14.1
	2296
	1304

	ADSb 30
	32
	31
	81
	82
	39.1
	38.5
	1.9
	2.1
	30.0
	18.5
	10.3
	9.8
	14.5
	14.0
	1867
	1175

	ADSb 32
	33
	34
	91
	89
	34.2
	33.2
	1.9
	2.1
	34.1
	20.8
	11.4
	7.5
	13.5
	13.3
	2296
	1047

	ADSb 35
	30
	30
	87
	85
	36.4
	34.8
	1.5
	1.8
	29.7
	30.3
	14.4
	8.8
	13.4
	13.2
	2765
	1116

	ADSb 36
	31
	30
	91
	88
	30.5
	30.5
	1.6
	1.6
	36.3
	35.9
	11.5
	11.6
	12.2
	12.1
	1264
	2563

	ADSb 38
	32
	32
	83
	79
	40.5
	37.5
	2.0
	2.3
	25.9
	25.5
	13.1
	6.9
	14.2
	13.6
	943
	1114

	ADSb 40
	33
	33
	91
	92
	41.0
	42.3
	1.5
	1.6
	31.9
	29.6
	8.2
	8.9
	13.5
	13.3
	2899
	1252

	ADSb 42
	32
	32
	91
	88
	35.2
	37.3
	1.7
	2.3
	29.8
	20.2
	10.6
	8.2
	13.3
	13.2
	1736
	1017

	ADSb 43
	34
	34
	97
	106
	34.9
	33.9
	1.6
	2.1
	39.5
	41.6
	14.6
	12.5
	14.3
	14.5
	1244
	2669

	ADSb 45
	33
	34
	90
	88
	32.9
	36.1
	1.5
	1.9
	39.3
	42.0
	14.4
	12.8
	13.5
	13.5
	2889
	2336

	 ADSb 57
	32
	33
	91
	89
	44.2
	44.1
	1.5
	2.1
	29.1
	19.1
	10.7
	5.6
	14.8
	14.5
	830
	1044

	ADSb 58
	33
	33
	86
	83
	40.5
	41.3
	1.7
	2.0
	34.0
	20.8
	12.7
	6.2
	14.0
	13.5
	1926
	988

	ADSb 63
	31
	31
	87
	85
	33.4
	30.7
	1.7
	1.7
	22.7
	21.8
	6.5
	6.2
	14.2
	13.1
	923
	1551

	ADSb 64
	33
	33
	85
	81
	34.6
	33.3
	1.5
	2.4
	32.3
	20.0
	12.5
	5.8
	14.4
	13.9
	2452
	1094

	ADSb 77
	33
	34
	89
	88
	40.9
	37.9
	1.8
	2.3
	30.7
	27.7
	13.1
	8.2
	13.5
	13.1
	2378
	1210

	ADSb 94
	33
	34
	92
	89
	34.1
	33.9
	1.6
	1.9
	30.9
	32.5
	13.1
	8.8
	12.2
	11.1
	2513
	2442

	ADSb 95
	30
	30
	86
	83
	30.4
	30.0
	1.6
	1.7
	34.3
	29.2
	13.6
	10.7
	13.3
	13.1
	2370
	1173

	ADSb 96
	34
	34
	87
	86
	30.4
	29.5
	1.4
	1.4
	23.3
	17.7
	9.8
	6.2
	14.1
	14.5
	1728
	963

	ADSb 101
	33
	32
	90
	85
	37.9
	37.9
	1.9
	2.5
	25.2
	20.0
	9.3
	8.9
	12.1
	11.3
	963
	1197

	ADSb 107
	33
	32
	91
	87
	33.3
	35.4
	1.7
	2.5
	29.8
	41.9
	10.7
	12.6
	12.3
	11.1
	2602
	2222

	ADSb 108
	32
	33
	96
	95
	41.5
	43.1
	1.7
	2.1
	33.5
	29.9
	11.1
	9.9
	14.5
	13.8
	2607
	2220

	ADSb 109
	38
	39
	83
	91
	34.7
	35.0
	1.8
	2.0
	36.1
	36.5
	12.4
	11.4
	14.5
	14.1
	2990
	2506

	ADSb 119
	34
	33
	107
	105
	31.2
	33.0
	1.7
	2.0
	36.2
	45.0
	12.3
	13.4
	13.6
	13.2
	2807
	2558

	ADSb 124
	33
	32
	90
	88
	41.6
	42.1
	1.7
	2.3
	34.7
	34.7
	12.9
	9.8
	13.5
	13.2
	2397
	2067

	ADSb 128
	33
	33
	85
	85
	37.2
	38.2
	1.7
	2.2
	33.1
	31.7
	10.6
	10.3
	13.5
	13.3
	948
	1578

	ADSb 146
	38
	39
	97
	105
	42.1
	41.9
	1.3
	1.6
	46.2
	47.6
	13.5
	13.5
	15.3
	15.2
	3020
	3025

	ADSb 149
	34
	35
	87
	86
	39.5
	40.6
	1.7
	2.0
	34.4
	32.9
	11.3
	12.3
	15.2
	15.3
	2753
	1518

	ADSb 150
	39
	40
	100
	104
	40.3
	41.6
	1.6
	2.0
	40.3
	40.3
	13.3
	14.3
	14.3
	13.7
	825
	2437

	ADSb 151
	38
	39
	101
	102
	41.9
	42.3
	1.5
	2.0
	40.3
	38.7
	12.6
	10.0
	15.2
	15.1
	1069
	2234

	ADSb 152
	38
	39
	103
	101
	36.8
	38.4
	1.7
	2.0
	34.8
	39.9
	10.8
	11.4
	13.4
	11.9
	2397
	2306

	ADSb 154
	38
	39
	105
	103
	42.5
	42.7
	1.7
	1.9
	35.5
	36.3
	13.4
	9.8
	15.1
	15.2
	1328
	2634

	Basara (C )
	44
	40
	113
	110
	75.3
	74.5
	1.5
	2.3
	69.1
	45.1
	17.7
	16.8
	12.2
	11.9
	2316
	1955

	JS 335 (C )
	41
	38
	108
	108
	51.5
	58.7
	2.3
	3.0
	50.1
	36.3
	13.9
	12.2
	12.9
	12.4
	2432
	2244



Where, DFF= Days to 50% flowering, DM= Days to maturity, PH = Plant height (cm), NBP= Number of branches per plant,
               NPP= Number of pods per plant, NCP= Number of clusters per plant, TW = Test weight (g), GY=Grain yield (kg/ha)




















Table 3. Estimates of selection differential, selection gain, and heritability based on MGIDI for six quantitative traits evaluated for 2023 and 2024 seasons

	Characters 
	Year
	Xo
	Xs
	SD
	SD %
	h2
	SG
	SG%

	Plant Height (cm)
	2023
	37.2
	46.2
	9.02
	24.2
	0.95
	8.62
	23.2

	
	2024
	37.3
	47.2
	9.86
	26.4
	0.96
	9.53
	25.5

	Number of branches per plant
	2023
	1.6
	1.7
	0.04
	2.8
	0.72
	0.03
	2.03

	
	2024
	1.9
	2.3
	0.37
	19.3
	0.90
	0.33
	17.4

	Number of clusters per plant
	2023
	11.7
	13.8
	2.11
	18.1
	0.88
	1.86
	16.0

	
	2024
	9.8
	12.6
	2.82
	28.6
	0.97
	2.74
	27.9

	Number of pods  per plant
	2023
	33.5
	42.8
	9.25
	27.6
	0.94
	8.72
	26.0

	
	2024
	30.3
	38.6
	8.24
	27.2
	0.94
	7.79
	25.7

	Test weight (g)
	2023
	13.7
	13.8
	0.06
	0.5
	0.98
	0.06
	0.5

	
	2024
	13.4
	12.7
	-0.61
	-4.6
	0.98
	-0.60
	-4.5

	Grain yield (kg/ha)
	2023
	2061.0
	1789.0
	-272.0
	-13.2
	0.97
	-264.0
	-12.8

	
	2024
	1726.0
	2159.0
	433.0
	25.1
	97.1
	421.0
	24.4



Xo= overall mean of genotypes; Xs= mean of the selected genotypes; SD= selection differential; SG= selection gain or impact; h2= heritability.
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