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Discriminant function analysis for yield improvement 

in bread wheat (Triticum aestivum L.) 

 
Sanjeev Sharma, MK Tripathi, Sushma Tiwari, RS Solanki, Shailja 

Chauhan, Niraj Tripathi, Namrata Dwivedi and Prakash Narayan Tiwari 

 
Abstract 
Wheat is a crop that is grown in a range of ecosystems and has a big importance globally. It is an 

important cool-climate cereal crop with a crucial role to play in the world's food and nutritional security. 

The polygenic system that controls yield is greatly influenced by environmental changes. Hence, 

choosing a plant simply based on its yield would often not be particularly reliable. The discriminant-

function technique was used to construct selection indices in 102 genotypes of bread wheat (Triticum 

aestivum L.). Eight characters were employed to formulate selection indices between grain yield and its 

attributing characters. Ninety-two selection indices were made between these eight characters ranging 

from single character-based selection indices to eight character-based selection indices. Out of these eight 

characters, five were found to have significant positive correlation at both genotypic and phenotypic 

levels with grain yield and six characters were found to have positive direct effect on grain yield 

genotypically as well as phenotypically. The preferential use of numbers of productive tillers/plants, 

spike length, weight of spike, numbers of grains/spike, weight of grains/spike and biological yield/plant 

are suggested over grain yield alone for the effective and fruitful multiple character combinations based 

indirect selection for the desired yield improvement in wheat. 

 

Keywords: Selection indices, discriminant-function, grain yield, wheat, traits 

 

Introduction 

Wheat (Triticum aestivum L.) is the third-largest cultivated crop species worldwide after maize 

and rice and is the second-largest consumer food crop after rice (Garcia-Ruiz et al., 2021; 

Tiwari et al., 2017) [12, 55]. It is the staple food for a large part of the world population (Grote et 

al., 2021) [15] including India (Yadav et al., 2021) [62]. Wheat is one of the major crops and 

occupies an essential position in agricultural production, providing around 20% of calories and 

protein in the human diet (Shewry and Hey, 2015) [44]. Global wheat production is 

approximately 761 Mt in 2020 (Guarin et al., 2022) [16]. In order to meet the expected global 

grain demand by 2050, wheat production must be improved continuously in the context of 

climate change (Del et al., 2016; Yadav et al., 2021) [8, 62].Wheat grain is considered primarily 

as a source of energy, but it also supplies protein and vitamins, mainly B vitamins. Wheat 

grain is also an important source of bioactive substances with health-promoting properties, 

such as dietary fiber which contains arabinoxylans, oligosaccharides, lignin, phytates, and a 

wide range of phenolic compounds (Gooding and Shewry, 2022) [14]. 

Several desired plant characteristics have been taken into consideration when choosing a 

genotype, with various traits receiving varying degrees of weight in the decision-making 

process (Regmi et al., 2021; Popovic et al., 2020; Muhammad et al., 2021; Ahmed et al., 

2022; Tiwari et al., 2012; Bafra et al., 2017; Makwana et al., 2021; Asati et al., 2022; Mandloi 

et al., 2022; Tomar et al., 2022; Tripathi et al., 2022; Rajpoot et al., 2023; Yadav et al., 2023) 
[38, 31, 28, 1, 54, 4, 21, 3, 22, 56, 58, 36, 66]. The best strategy to take advantage of genetic linkages with 

numerous qualities that have substantial heritability is to build an index that includes 

information on all the traits linked to yield (Geyer et al., 2022; Kumar et al., 2019; Mishra et 

al., 2020; Rajpoot et al., 2020; Choudhary et al., 2021; Mishra et al., 2021; Mishra et al., 

2022a; Sharma et al., 2021; Shyam et al., 2021; Shyam et al., 2022; Sharma et al., 2023) [13, 18, 

24, 35, 7, 24, 25, 42, 47, 48, 43]. This suggests employing a selection index that appropriately weights 

each of the two or more characters to be considered. The variability in the environment has a 

significant impact on yield, which is controlled by a polygenic system (Brinton and Uauy, 

2019; Yadav et al., 2005; Tripathi et al., 2015; Shyam et al., 2020; Pramanik et al., 2021; 

Verma et al., 2021; Mishra et al., 2022b; Mishra et al., 2022c; Yadav et al. 2022a;  
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Yadav et al. 2022b; Yadav et al. 2022c; Ningwal et al., 2023; 

Shrivastava et al., 2023) [6, 61, 57, 46, 31, 59, 26, 65, 63, 64, 65, 30, 45]. 

Because of this, selecting a plant solely based on its yield is 

frequently not particularly reliable. Most researchers 

appreciate the significance of the component approach to 

selecting breeding methods. An application of discriminant 

function developed by Fisher (1936) [11] and first applied by 

Smith (1936) [52] helps to identify important combinations of 

yield component useful for selection by formulating suitable 

selection indices. In order to inadvertently increase the yield 

in various crop plants, selection indices were developed to 

identify the most value genotype and the most compatible 

combinations of features. 

The genetic advancement that can be made using selection 

index compared to the corresponding genetic gain that can be 

made using direct selection for grain yield alone is employed 

to determine the effect of selection index (Allard, 1960) [2]. 

The most common application of a selection index is the 

simultaneous selection of numerous features. For the 

enhancement of wheat, several researchers, including 

Siahpoosh et al. (2001) [49], Singh et al. (2003) [51] and 

Kemelew (2011) [17] employed selection index and 

discriminant function analysis. By using both direct and 

indirect selection of the various traits, plant breeders are more 

successful when using the index selection to encourage the 

anticipated genetic development (Smith et al., 1981; 

Weyhrich et al., 1998 [53, 60]. Many studies have been done so 

far in order to determine the factors influencing wheat growth 

and development and to disclose the relationship between 

yields and other related variables (Zhang et al., 2020; 

Farokhzadeh et al., 2020) [67, 9]. With the simultaneous 

inclusion of each character, the relative effectiveness of the 

subsequent index consistently increased. However, in 

practice, the plant breeder might be interested in maximum 

gain with applying minimum numbers of characters. So, in 

the present investigation, six traits viz., numbers of 

tillers/plant, spike length, weight of spike, numbers of 

grains/spike, weight of grains/spike and biological yield/plant 

have been considered for selection index that might be 

advantageously exploited in the wheat breeding programmes. 

Thus, the present study was conducted to determine 

discriminant analysis of morpho-physiological data to assess 

the efficiency of selection index in wheat. 

 

Materials and Method 

The experiment was conducted with 102 diverse advance 

breeding lines of wheat (Triticum aestivum L.) during Rabi 

2018-2019 in a Randomized Block Design (RBD) with two 

replications at Research Farm, Department of Genetics & 

Plant Breeding, College of Agriculture, Rajmata Vijayaraje 

Scindia Agricultural University, Gwalior, M.P., India (Table 

1). Each genotype was consisting of SPS (single plant 

selection) and advanced breeding lines were sown in2.5 m 

length with a spacing of 20 cm. The morpho- physiological 

observations on different characters were recorded from five 

competitive plants were selected randomly for each genotype 

in each replication and their averages were employed for 

statistical analysis.  

 

Statically analysis 

a. Discriminant function analysis 

Characters of economics value like yield are highly 

influenced by non-heritable variation and therefore the 

expected genetic advance for any character has been found to 

be greater, when the selection pressure is applied with the 

help of discriminant function technique, than when it is 

directly on the observed characters. The phenotypic and 

genotypic variance and co-variance used to compute the 

correlation provide the basic for constructing the selection 

index. The following model suggested by Robinson et al. 

(1951) [3] was used through the set of simultaneous equation 

of selection indices and development of a require discriminant 

function. 

 

b1p11  +  b2p12  +  b3p13  +  b4p14  +  b5p15  =  g15 

 

b1p12  +  b2p22 + b3p23  +  b4p24  +  b5p25  =  g25 

 

b1p13  +  b2p23  +  b3p33  +  b4p34  + b5p35 =  g35 

 

b1p14  +  b2p24  +  b3p34  +  b4p44  +  b5p45  =  g45 

 

b1p15  +  b2p25  +  b3p35  +  b4p45  +  b5p55  =  g55 

 

Where 

1. p11, p22, p33, p44 and p55 represent the estimate of 

phenotypic variance for the characters numbering x1, x2, 

x3, x4 and x5 respectively.  

2. P12, p13, p14, p15 represent the phenotypic co-variances of 

the different combinations of x1, x2, x3, x4, and x5 

respectively.  

3. g15, g25, g35, g45, g55 represent genotypic co-variance of x1, 

x2, x3, x4, x5 (grain yield) and g55 represents genotypic 

variance of character x5 (grain yield). 

 

The ‘b’ values computed from the above formulas indicated 

the phenotypic weights to be assigned to each of the various 

characters considered in selection indices. These obtained ‘b’ 

values were used for the construction of selection index in the 

following formulas. 

 

Z = b1x1 + b2x2 +b3x3 ……+ bnxn 

 

Where 

Z = Selection index 

X1, X2, X3 ………Xn represents the phenotypic values of n 

traits  

b1, b2, b3, ……. bn represents phenotypic weights assigned to 

each of the n characters.  

 In such a way election indices were constructed for one 

character, two characters, three characters, four characters, 

five, six, seven and eight characters. 

 

b. Expected genotypic advance (EGA) of selection index 

The expected genotypic advance from several selection 

indexes was estimated by the following formulas suggested 

by Robinson et al. (1951) [3]. 

 

ygb  .......y gbygbygb
P

Z
 EGA nn332211 

 
 

Where 

 

P

Z

= K, represents selection differential in standard units. Its 

value being 2.06 at 5% intensity of selection.  

https://www.thepharmajournal.com/


 
 

~ 226 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
b1, b2, b3 ……… bn, represents phenotypic weight of 

corresponding n characters in the selection indices. 

g1y, g2y, g3y …….gny, represents genotypic co-variance of n 

characters with the depended character which is grain yield 

and gny represent genotypic variance. 

 

c. Relative efficiency of selection indices as compared to 

the straight selection for yield 

Relative efficiency of selection index was computed by 

comparing its expected genetic advance with expected genetic 

advance for yield and it is always expressed in percentage. 

The efficiency of selection for yield is assumed to be 100 

percent and used as a basis for comparison of relative 

efficiency from use of various selection indices (Robinson et 

al., 1951) [3]. 

Construction of selection indices, the character with higher 

and significant genetic correlation coefficient and sizable 

direct effect on grain yield were considered. In this context, 

eight characters viz. numbers of productive tillers/plant (X5), 

spike length (X6), weight of spike (X7), number of 

grains/spike (X8), weight of grains/spike (X9), biological 

yield/plant (X10), harvest index (X11) and grain yield/plant 

(X12) were employed to formulate selection indices between 

grain yield and its attributing traits. The selection indices were 

constructed with various character combinations as per 

method suggested by Robinson et al. (1951) [3]. Ninety-two 

selection indices were made between these eight characters 

ranging from single character-based selection indices to eight 

character-based selection indices. Their respective genetic 

advance was calculated as per the formula suggested by 

Robinson et al. (1951) [3] and relative efficiency of different 

discriminant functions in relation to straight selection for 

grain yield was assessed and compared, assuming the 

efficiency of selection for seed yield as 100%. 

 

Results and Discussion 

The selection for a single trait is not anticipated to adequately 

explain the genotypic variance for grain yield because grain 

yield is a quantitative character and the result of numerous 

qualities that contribute to yield. So, when two or more single 

trait-based selection indices are combined, the projected 

genetic progress and the selection efficiency of the resulting 

selection index are superior than utilising each of the single 

traits separately. The use of selection indices is more effective 

than direct selection for grain yield alone, and the estimation 

of the best possible trait combinations depends on the 

identification of easily measurably traits with greater 

precision under both field and laboratory conditions, as well 

as over the possible estimation of genotypic and phenotypic 

variances and covariance parameters for the optimisation of 

any selection index. Any selection index must have accurate 

estimates of variance and covariance that are specific to the 

breeding populations, season, and location in order to be 

reliable. 

The cumulative influence of two or more correlated and co-

heritable yield components determines whether any selection 

index is successful in predicting outcomes. This means that 

the direction and strength of the correlation between the traits 

utilized in the selection index and grain yield will determine 

how far one or more qualities in the selection index are 

employed for indirect selection. Hence, the ineffectiveness of 

the selection based on single variables may be related to poor 

genetic correlation coefficients, heritability, or both of each 

trait with grain yield. The negative correlation between the 

characteristics and grain yield accounts for the reduction in 

grain yield caused by the adoption of selection index. Which, 

when such features are combined, results in a negative 

correlated response. 

Eight characters viz., numbers of productive tillers/plant, 

spike length, weight of spike, numbers of grains/spike, weight 

of grains/spike, biological yield/plant, harvest index and grain 

yield/plant were employed to formulate selection indices 

between grain yield and its attributing characters. Out of these 

eight characters, five were found to have significant positive 

correlation at both genotypic and phenotypic levels with grain 

yield and six characters were found to have positive direct 

effect on grain yield genotypically as well as phenotypically. 

Ninety-two selection indices were made between these eight 

characters ranging from single character-based selection 

indices to eight character-based selection index and presented 

in Table 2. 

To determine the characteristic combinations that contribute 

the most to the effectiveness of any selection index, each 

component trait was optimally analysed. To evaluate the 

relative selection efficacy of single character-based selection 

indices, grain yield and other selection indices built with all 

feasible combinations of yield-contributing features were 

evaluated. According to Roy et al. (2017) [40], selection based 

on the quantity of spikelets per panicle improved grain yield 

more effectively. All the indices that also displayed high 

heritability, high GCV, and a direct impact on grain yield per 

plant were shown to be essential for this trait. The most 

effective selection indices for improving grain yield were 

growth rate, spikelets per panicle, and grain yield since they 

combined the relative efficacy of selection and genetic 

advancement. The highest genetic progress and selection 

efficiency for direct selection were seen for grain yield among 

the single character-based selection indices, with values of 

6.50 and 100%, respectively. Raiyani et al. (2015) [33] and 

Raghuwanshi et al. (2015) [34] also suggested that the 

efficiency of selection increased with the inclusion of a 

greater numbers of characters in the index. However, in case 

of two character-based selection indices, the genetic advance 

and selection efficiency increased up to 8.87 and 136.50% 

respectively for the selection index based on numbers of 

grains/spike + biological yield/plant. In this case the genetic 

advance and the selection efficiency increased upon the 

increase in the numbers of traits from one to two. In case of 

three, four, five and six characters-based selection indices the 

expected genetic advance and selection efficiency increased 

up to 8.87 and 136.50% respectively, indicating that the 

inclusion of more characters. While, constructing selection 

indices resulted in an overall enhancement of relative 

selection efficiency as well the genetic advance and hence the 

use of multiple traits combinations in the form of selection 

indices is preferred for effective indirect selection over the 

direct selection based on grain yield. Bergale et al. (2002) [5] 

also suggested that the numbers of spikes per plant, grainper 

spike and harvest index must be given preferencein selection 

along with optimum plant height and days to flowering to 

select the superior wheat genotypes. Singh et al. (2015) [50] 

advised that the plant height, numbers of tillers per plant, 

numbers of sparklets per paniclea long with grain yield per 

plant are useful to select the superior rice genotypes. Fredous 

et al. (2010) [10], Kemelew (2011) [17] and Shah et al. (2016) 
[41] were similarly with the opinion that an increase in 
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characteristics resulted in an increase in genetic gain and that 

the selection indices improve the efficiency than the straight 

selection for grain yield per plant. 

The preferred character combination over grain yield alone on 

the basis of present investigation are X9X11 (numbers of 

grains/spike + biological yield/plant) in case of two characters 

based selection indices, X7X9X11 (weight of spike + 

numbers of grains/spike + biological yield/plant) and 

X9X10X11 (numbers of grains/spike + weight of grains/spike 

+ biological yield/plant) in case of three traits based selection 

indices, X6X7X9X11 (spike length + weight of spike + 

numbers of grains/spike + biological yield/plant) and 

X7X9X10X11 (weight of spike + numbers of grains/spike + 

weight of grains/spike + biological yield/plant) in case of four 

characters depended selection indices, X5X6X7X9X11 

(numbers of productive tillers/plant + spike length + weight of 

spike + numbers of grains/spike + biological yield/plant) and 

X6X7X9X10X11 (spike length + weight of spike + numbers 

of grains/spike + weight of grains/spike + biological 

yield/plant) in case of five characters founded selection 

indices, X5X6X7X9X10X11 (numbers of productive 

tillers/plant + spike length + weight of spike + numbers of 

grains/spike + weight of grains/spike + biological yield/plant) 

and in case of six parameters depended selection index. So, 

the preferential use of numbers of productive tillers/plant, 

spike length, weight of spike, numbers of grains/spike, weight 

of grains/spike and biological yield/plant is suggested over 

grain yield alone for the effective and fruitful multiple 

characters combinations based indirect selection for the 

desired yield improvement in wheat (Table 2). Findings of the 

present study are in confirmation with the outcome of the 

research work done by Kemelew et al. (2011) [17], Rathod et 

al. (2013) [37], Raiyani et al. (2015) [33], Kumar et al. (2016) 
[19] and Nikita et al. (2018) [29].  

The preferred characters for fabricating selection indices 

based on the present study were numbers of tillers/plant, spike 

length, weight of spike, numbers of grains/spike, weight of 

grains/spike and biological yield/plant that could be further 

employed for increasing grain yield in wheat. 

 
Table 1: Detail of experimental material with their parentage / source used in present investigation 

 

Advance Line No. Pedigree Advance Line No. Pedigree 

1 PW635 X (DSP-4/RAJ1555) 52 CW38 X UAS295 

2 C306 X PHS 1104 53 DD-11-1353 

3 C306 X (DSP-4/RAJ1555) 54 DD-11-1382 

4 AKAW 4731 X SAWSN 3029 55 DDS-12-1419 

5 DL803-3 X RAJ-1555D 56 DDS-12-1427 

6 MACS6222 X GW173 57 DDS-12-1428 

7 GW190 X HD 2932 58 DDS-12-1460 

8 GW322 X RAJ1555 59 DDS-12-1461 

9 DDS-14-1594 60 DDS12-1468 

10 DDS-14-1603 61 DDS12-1470 

11 DDS-14-1604 62 DDS-12-1475 

12 DDS-14-1610 63 DDS-12-1480 

13 DDS-14-1633 64 HPW-296 X SONALIKA 

14 DDS-14-1641 65 RAJ4185 X LOK-1 

15 DDS-14-1644 66 RAJ4188 X HW5205 

16 DDS-14-1602 67 RAJ4188 X HW5205 

17 DDS-14-1603 68 GW1244 X 994444/VL-998 

18 DDS1-4-1606 69 VL 922 X MP 4010 

19 DDS-14-1608 70 VL 907 / PHS 1103 

20 DDS-14-1608 71 VL 907 / PHS 1103 

21 DDS-14-1610 72 VL 907 / PHS 1103 

22 DDS-14-1614 73 VL 907 / PHS 1103 

23 DDS-14-1614 74 VL 907 / PHS 1103 

24 DDS-14-1614 75 VL 907 / PHS 1103 

25 DDS-14-1614 76 PW 612 / MP 4010 

26 DDS-14-1614 77 GW 2007-77 (D) / MP 4010 

27 DDS-14-1615 78 GW 2007-77 (D) / MP 4010 

28 DDS1-4-1619 79 SBWON-17-0084 

29 DDS-14-1619 80 SBWON-17-0118 

30 DDS-14-1635 81 SBWON-17-0119 

31 DDS-14-1635 82 SBWON-17-0121 

32 DDS-14-1637 83 3rd SAWYT 304 

33 DDS-14-1637 84 23rd SAWYT 340 

34 DDS-14-1637 85 33th SAWSN 3190 

35 DDS-14-1637 86 33th SAWSN 3020 

36 DDS-14-1640 87 33th SAWSN 3080 

37 DDS-14-1640 88 48th IBWSN 1299 

38 DDS-14-1641 89 7th HLBSN 25 

39 DDS-14-1641 90 DWAP  1532 

40 DDS-14-1641 91 LOK  1 

41 DDS-14-1644 92 DWAP 1538 

42 DDS-14-1646 93 GW  2014-580 
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Advance Line No. Pedigree Advance Line No. Pedigree 

43 DDS-14-1646 94 HI 1609 

44 DDS-14-1650 95 RAJ 4478 

45 DDS-14-1652 96 UP 2971(UP2762/2572) 

46 DDS-14-1652 97 HUW661(Sr9+11+Lr10+13+YrA+K) 

47 DDS-14-1658 98 GW 455(Sr7 +Yr2) 

48 DDS-14-1659 99 HUW 661 (Sr30+Lr1+2a+10+23+Yr2+L+K) 

49 DDS-14-1659 100 HI 1605(TS-IR-CZ) 

50 DDS-14-1659 101 KRL 77-1(K Resistance) 

51 DDS-14-1660 102 RAJ 4188XHW5205 

 
Table 2: Selection indices for grain yield, their discriminant functions, expected genetic advance and relative efficiency in wheat genotypes 

 

Selection index Discriminant function EGA SE (%) 

X5  (Numbers of  tillers) 1.510X5 3.66 56.31 

X6  (Spike length) 0.432X6 1.02 15.75 

X7  (Weight of spike) 1.196X7 1.74 26.86 

X9  (Numbers of grains per spike) 0.071X9 1.69 29.10 

X10  (Weight of grains per spike) 1.462X10 1.89 29.16 

X11  (Biological yield per plant) 0.149X11 3.54 54.54 

X12  (Harvest index) 0.055X12 2.55 39.23 

X14 ( Grain yield per plant) 0.915X14 6.50 100 

X5.X6 1.508X5 + 0.425X6 3.57 55.64 

X5.X7 1.533X5 + 1.953X7 4.18 64.43 

X5.X9 0.326X5 + 0.997X9 6.48 99.70 

X5.X10 1.495 X5 + 1.410X10 3.92 60.45 

X5.X11 1.073X5 + 0.104X11 4.09 63.05 

X5.X12 1.566X5 + 0.101X12 3.61 55.68 

X5.X14 -0.031X5 + 0.921X14 6.21 95.66 

X6.X7 0.143X6 + 1.104X7 1.82 28.03 

X6.X9 0.135X6 + 0.066X9 6.48 99.70 

X6.X10 0.135X6 + 01.366X10 1.91 29.52 

X6.X11 0.160X6 +0.146X11 3.44 53.07 

X6.X12 0.416X6 +0.047X12 1.11 17.20 

X6.X14 0.027X6 + 0.913X14 6.21 95.66 

X7.X9 0.800X7 +0.044X9 4.23 65.20 

X7.X10 0.161X7 +1.28X10 1.89 29.21 

X7.X11 0.758X7 +0.139X11 3.60 55.48 

X7.X12 1.218X7 +0.065X12 1.91 29.39 

X7.X14 0.173X7 +0.904X14 0.59 8.76 

X9.X10 0.041X9 +1.045X10 1.56 24.13 

X9.X11 1.765X9 +64.299X11 8.87 136.50 

X9.X12 0.073X9 +0.067X12 2.35 36.25 

X9.X14 0.009X9 +0.905X14 6.21 95.66 

X10.X11 0.903X10 +0.137X11 3.61 55.61 

X10.X12 1.489X10 +0.066X12 2.00 30.90 

X10.X14 0.138X10 +0.907X14 0.573 8.82 

X11.X12 0.150X11 +0.067X12 3.49 53.77 

X11.X14 0.004X11 +0.905X14 5.94 92.52 

X12.X14 0.010X12 +0.913X14 5.62 91.52 

X5.X6.X7 1.523X5 +0.121X6 +1.160X7 3.95 60.78 

X5.X6.X9 1.153X5 +0.213X6 +0.047X9 6.48 99.70 

X5.X6.X10 1.495X5 +0.140X6 +1.312X10 3.94 60.63 

X5.X6.X11 1.096X5 +0.244X6 +0.098X11 4.13 63.63 

X5.X6.X12 1.559X5 +0.392X6 +0.093X12 3.73 57.43 

X5.X6.X14 0.028X5 +0.025X6 +0.919X14 5.94 91.52 

X6.X7.X9 0.031X6 +0.789X7 +0.043X9 6.48 99.70 

X6.X7.X10 0.132X6 +0.096X7 +1.265X10 1.91 29.54 

X6.X7.X11 -0.0299X6 +0.776X7 +0.139X11 3.60 55.49 

X6.X7.X12 0.110X6 +1.147X7 +0.062X12 1.92 29.61 

X6.X7.X14 -0.016X6 +0.183X7 +0.904X14 5.95 91.59 

X7.X9.X10 -0.137X7 +0.042X9 +1.185X10 1.56 24.13 

X7.X9.X11 0.460X7 +0.034X9 +0.137X11 8.87 136.50 

X7.X9.X12 0.812X7 +0.045X9 +0.069X12 2.35 36.25 

X7.X9.X14 0.124X7 +0.005X9 +0.902X14 6.21 95.66 

X9.X10.X11 0.033X9 +0.575X10 +0.135X11 8.87 136.50 
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X9.X10.X12 0.043X9 +1.060X10 +0.070X12 2.35 36.25 

X9.X10.X14 0.008X9 +0.061X10 +0.903X11 6.21 95.66 

X10.X11.X12 0.930X10 +0.138X11 +0.073X12 3.68 56.72 

X10.X11.X14 0.113X10 +0.016X11 +0.877X14 5.96 91.69 

X11.X12.X14 0.005X11 +0.011X12 +0.902X14 5.95 91.54 

X5.X6.X7.X9 1.502X5 +0.078X6 +1.038X7 +0.016X9 6.48 99.70 

X5.X6.X7.X10 1.512X5 +0.116X6 +0.709X7 +0.564X10 3.96 60.63 

X5.X6.X7.X11 1.153X5 +0.018X6 +0.939X7 +0.087X11 4.32 66.56 

X5.X6.X7.X12 1.585X5 +0.062X6 +1.238X7 +0.110X12 4.09 63.03 

X5.X6.X7.X14 -0.002X5 + -0.016X6 +0.182X7 +0.905X14 5.95 91.53 

X6.X7X.X9.X10 0.024X6 +-0.144X7 +0.041X9 +1.183X10 1.56 24.13 

X6.X7.X9.X11 -0.126X6 +0.504X7 +0.037X9 +0.138X11 8.87 136.50 

X6.X7.X9.X12 -0.012X6 +0.816X7 +0.046X9 +0.069X12 2.35 36.25 

X6.X7.X9.X14 0.033X6 +0.137X7 +0.006X9 +0.902X14 6.21 95.66 

X7.X9.X10.X11 0.045X7 +0.033X9 +0.528X10 +0.136X11 8.87 136.50 

X7.X9.X10.X12 0.541X7 + -0.053X9 +1.434X10 +0.061X12 2.35 36.25 

X7.X9.X10.X14 1.100X7 + -0.093X9 + -0.181X10 +0.947X14 6.21 95.66 

X9.X10.X11.X12 0.035X9 +0.589X10 +0.136X11 +0.075X12 2.35 36.25 

X9.X10.X11.X14 0.008X9 +0.056X10 +0.004X11 +0.895X14 6.21 95.66 

X10.X11.X12.X14 0.140X10 +0.004X11 +0.012X12 +0.896X14 5.95 91.58 

X5.X6.X7.X9.X10 1.492X5 +0.075X6 +0.609X7 +0.016X9 +0.542X10 1.56 24.13 

X5.X6.X7.X9.X11 -0.128X5 +0.084X6 +0.037X7 +0.536X9 +0.137X11 8.87 136.50 

X5.X6.X7.X9.X12 1.561X5 +0.009X6 +1.093X7 +0.019X9 +0.112X12 4.11 63.30 

X5.X6.X7.X9.X14 -0.009X5 + -0.033X6 +0.134X7 +0.006X9 +0.904X14 6.21 95.66 

X6.X7.X9.X10.X11 -0.651X6 + -125.376X7 +0.139X9 +160.487X10 + -0.209X11 8.87 136.50 

X6.X7.X9.X10.X12 -0.020X6 + -0.133X7 +0.044X9 +1.20X10 +0.070X12 2.35 36.25 

X6.X7.X9.X10.X14 -0.031X6 +0.403X7 +0.006X9 +-0.341X10 +0.905X14 6.21 95.66 

X7.X9.X10.X11.X12 0.043X7 +0.035X9 +0.544X10 +0.136X11+0.075X12 2.35 36.25 

X7.X9.X10.X11.X14 0.395X7 +0.006X9 + -0.351X10 +0.004X11 +0.897X14 6.21 95.66 

X9.X10.X11.X12.X14 0.008X9 +0.060X10 + -0.004X11 +0.013X12 +0.892X14 6.21 95.66 

X5.X6.X7.X9.X10.X11 1.122X5+-0.034X6+0.568X7+0.019X9 +0.286X10 +0.087X12 8.87 136.50 

X5.X6.X7.X9.X10.X12 1.550X5+0.005X6+0.655X7 +0.019X9 +0.553X10 +0.112X12 2.35 36.25 

X5.X6.X7.X9.X10.X14 -0.007X5+-0.031X6+0.400X7+0.007X9+-0.340X10 +0.907X14 6.21 95.66 

X6.X7.X9.X10.X11.X12 -0.180X6+0.098X7+0.040X9+0.556X10+0.138X11+0.080X12 2.35 36.25 

X6.X7.X9.X10.X11.X14 -0.036X6+0.406X7+0.007X9+-0.348X10+0.004X11+0.896X14 6.21 95.66 

X7.X9.X10.X11.X12.X14 0.393X7+0.006X9+-0.344X10+0.004X11+0.013X12+0.893X14 6.21 95.66 

X5.X6.X7.X9.X10.X11.X12 1.183X5+-0.1016X6+0.614X7+0.022X9+0.300X10+0.086X11+0.109X12 2.35 36.25 

X5.X6.X7.X9.X10.X11.X14 -0.016X5 + -0.037X6 +0.400X7 +0.007X9 + -0.347X10 +0.005X11 +0.899X14 6.21 95.66 

X6.X7.X9.X10.X11.X12.X14 -0.046X6 +0.407X7 +0.007X9 + -0.340X10 +0.005X11 +0.014X12 +0.892X14 6.21 95.66 

X5.X6.X7.X9.X10.X11.X12.X14 0.001X5 + -0.046X6 +0.407X7 +0.007X8 + -0.340X9 + 0.005X10 + 0.014X11 + 0.892X12 6.21 95.66 

 

Conclusion 

Comparing various selection indices can only be done in 

practice; using computed criteria to compare them is only 

theoretical since these indices only evaluate expected results. 

Application of these indices is therefore required to validate 

the outcomes. The present study showed consistent increase 

in the relative efficiency of the succeeding index with 

simultaneous inclusion of each character. Therefore, 

improvements of grain yield through these selection indices 

are suggested. However, in practice, the plant breeder might 

be interested in maximum gain with inclusion of minimum 

number of characters. The preferred characters for fabricating 

selection indices were numbers of tillers/plant, spike length, 

weight of spike, numbers of grains/spike, weight of 

grains/spike and biological yield/plant as they could be 

advantageously exploited in the wheat breeding programmes. 

The present study also revealed that the discriminant function 

method of making selection in plant appears to be the most 

useful than the straight selection for grain yield alone and 

hence, due weightage should be given to the important 

selection indices while making selection for grain yield 

advancement in wheat breeding programme.  
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