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Identification of donor lines containing favourable alleles 

for improving target maize hybrid (BML 6 × BML 7) 

 
Suryanarayana L, Reddi Sekhar M, Ratna Babu D and Ramana AV 

 
Abstract 
Enhancement of inbred parental lines in single cross hybrid is crucial for commercial success. Line 

recycling is a common procedure currently used in improvement of inbred lines in maize. The 

identification of favourable alleles in donor inbreds for improvement of single cross was given by 

Dudley. The objective of the present investigation was to evaluate four maize inbred lines to determine, 

which ones have the greatest relative values of favourable alleles for the improvement of ear length, 

number of kernels per rows and grain yield per plant (g) in the single cross hybrid (BML 6 × BML 7). 

The estimates of µG’ values revealed that out of the four donors, RSK 14 is superior in showing 

significant frequency of favourable alleles for the characters studied and it could be considered as the 

best donor for recycling of the BML 6 as it has great genetic affinity with the donor. 

 

Keywords: donors, favourable alleles in maize, improvement of maize inbreds 

 

Introduction 

Maize hybrids have a reduced period of commercial utilisation in the contemporary 

agricultural production. Therefore, they have to be replaced by new hybrids that will exceed 

the existing ones in their performances. Ultimately, one of the objectives in maize breeding is 

to improve different traits in an elite hybrid as well as to improve agronomic traits of parental 

component without negative effects on grain yield of elite single cross.  

Numerous statistical methods have been developed for identifying donors to improve elite 

hybrids. Dudley (1984, 1987a, b) developed a statistical procedure for estimation of relative 

number of loci (µG) for which a donor line is different from each parent of the single cross to 

be improved. This method was followed by several modifications by Zanoni and Dudley, 

1989b and Bernardo, 1990 devising new parameters for evaluating the donor inbred lines from 

all aspects like frequency of favourable alleles present, frequency of alleles lacking in the 

parental parents, estimating the relative relationships of the donor inbred and also estimating 

the loss of alleles not only in the donor parents, but also in the single cross hybrids of maize. In 

the present experiment, a target cross (BML 6 × BML 7) which has been a priori projected to 

be improved was considered based on its proven performance in the previous yield trials. 

 

Materials and Methods 

The experimental material for identification of favourable alleles consisted of two lines, BML 

6 and BML 7 parents of target cross (DHM 117) and four testers MRC 202, BML 10, MRC 

170 and RSK 14. These six parents were crossed in Line × Tester fashion to get 8 F1’s at 

Agricultural College Farm, Naira. The parents and crosses were evaluated in different seasons 

(Environments). The data was collected on ear length (cm), number of kernels per row and 

grain yield per plant (g). 

Statistical analysis carried out as per methodology suggested by Dudley (1987b). A positive 

value of µG’ shows that line (Pw) has favourable alleles on loci where parental lines (P1 and 

P2) have unfavourable alleles. Value µB’ gives relative number of loci where P1 and P2 have 

favourable alleles, µC’ gives relative number of loci where P1 and Pw have favourable alleles 

and P2 does not, and µE’ gives to the relative number of loci where P2 and Pw have favourable 

alleles and P1 does not. Values µD’ and µF’ shows that P1 or P2 have favourable alleles at the 

loci where other two lines do not have favourable alleles. The sum of µC’ and µF’ gives 

relative number of loci, where P1 and Pw have the same (+ or -) alleles, while µD’ + µE’ give 
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relative number of loci where P2 and Pw have the same (+ or -) 

alleles. 

If:  

1. µC’ + µF’ > µD’ + µE’ – line Pw is more closely related 

to P1 and is used for the improvement of parent P1. 

2. µC’ + µF’ < µD’ + µE’ – donor line Pw is more closely 

related to P2 and is used for the improvement of parent 

P2.  

Evaluation of parentage of donor (Pw) with elite hybrid 

parents (P1 and P2) can be performed by using the following 

formulas [(P2 Pw) – (P1 × Pw) + (P1 – P2)/2]. Positive value 

points to the parentage between P1 and Pw, while negative 

value points to the parentage between P2 and Pw. Depending 

on which parent is being improved, P1 or P2, the founding 

initial population for selection is determined by comparing 

values µD’ or µF’ with value µG’. If parent P1 is improved, 

there are three possibilities: 

1. µD’ = µG’; the probability that the new line will have 

more loci with favourable alleles in class D and G than 

either P1 or Pw is maximum. Then the approach will be 

hybrid self-fertilization (P1× Pw). 

2. µD’ > µG’; points to the back crossing of hybrids (P1 × 

Pw) with parent P1. 

3. µD’ < µG’; back crossing of hybrids (P1 × Pw) with donor 

Pw is recommended. 

 

Results and Discussion 

The estimate of μG’ for ear length (cm), number of kernels 

per row and grain yield per plant (g) in combined analysis 

showed that the donor RSK 14 recorded the highest 

significant positive μG' estimate followed by BML 10 and 

MRC 202. Whereas, MRC 170 recorded the lowest μG' 

estimate for these traits (Table. 1). It also indicates the 

existence of favourable alleles for their further improvement. 

However, further characterization of various donor inbreds 

and their genetic similarity estimates (Table. 2, 3 and 4) have 

to be analyzed critically along with the other estimates (B' to 

G') to initiate the improvement programme for this cross.  

The donors namely RSK 14, BML 10 and MRC 202 gave the 

highest significant positive μG' estimates indicating their 

worth in transferring favourable alleles in the target cross for 

ear length, number of kernel rows and grain yield per plant. In 

order to obtain further information about the nature and 

frequency of alleles in the donor inbreds vis a vis concerned 

target cross various parameters to represent the different 

classes and the relationship of the donors with the parents of 

the concerned cross are also presented.  

For ear length the cross BML 7 (P2) × Pw recorded high per se 

performance and higher μG' values, they also possessed high 

μF' (class where P1 and Pw have unfavourable alleles and P2 

had favourable alleles) compared to other donors indicating 

further improvement of the target cross is possible for ear 

length by replacement of P1 with donor line if other yield 

contributing traits are unaltered. Hence, it may be suggested 

that enhancement in performance in the cross (BML 6 × BML 

7) may be obtained by replacing BML 6 with RSK 14. On the 

other hand, if the improvement of this cross is sought via 

parental improvement the genotype RSK 14 can be used as a 

donor for recycling as it registered high G' values when 

compared with other donors.  

Considering the parameters (C'+F') and (D'+E'), the 

donor inbred RSK 14 has genetic affinity with BML 6 and it 

may be summarized that enhancement of BML 6 by this may 

not cause any canceling effect which usually emnate from 

wide diversity of alleles coming together causing 

disequilibrium in the degree of association of dominant genes 

acting in opposite directions. 

For enhancing the number of kernels per row the cross BML 

7 (P2) × Pw recorded high per se performance and higher μG' 

values. They also possessed high μF' estimate (class where P1 

and Pw have unfavourable alleles and P2 has favourable 

alleles) (Table 3). 

 
Table 1: Estimates of µG' in the donor parents for ear length (cm), number of kernels per row and grain yield per plant (g) combined over 

environments in relation to designated target hybrid BML 6 × BML 7 
 

Parent 
µG' 

Ear length (cm) Number of kernels per row Grain yield per plant (g) 

MRC - 202 0.835b* 2.352b* 15.787b* 

BML - 10 1.302a* 2.933a* 17.497a* 

MRC - 70 0.692c* 1.360b* 14.055b* 

RSK -14 1.512c* 4.060c* 21.070c* 

SE a 0.221 0.561 1.151 

SE b 0.221 0.561 1.151 

SE c 0.271 0.687 1.410 

SE d - - - 

*Larger than 2 × SE 

a= qj0, qkl, b= qj1 qk0 

c= qj0 qj1 , d= qk0 qk1 

 
Table 2: Estimates of µB'…….. µG' for ear length (cm) in four donors vis-à-vis designated target maize single cross hybrid BML 6 × BML 7 

 

Class of loci 

Parents µB' µC' µD' µE' µF' µG' µC'+ F' µD'+ E' 
Genetic 

affinity with 

Mean per se of 

BML 6 × donor 

Mean per se of 

BML 7 × donor 

MRC - 202 1.550* 0.395 1.030* 1.885* 0.395 0.835* 0.790* 2.915* BML 7 16.92 15.65 

BML - 10 1.112* 1.048* 0.378 0.378 1.903* 1.302* 2.950* 0.755* BML 7 14.84 17.89 

MRC - 170 0.777 0.713* 0.713* 0.993* 1.288* 0.692* 2.00* 1.705* BML 7 14.85 16.00 

RSK -14 1.422* 0.713* 0.713* 1.248* 1.033* 1.512* 1.745* 1.960* BML 6 17.00 17.64 

@ mean per se of the cross BML 6 × BML 7 is: 16.04 * Larger than 2 × SE 
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Table 3: Estimates of µB'…….. µG' for number of kernel rows per cob in four donors vis-à-vis designated target maize single cross hybrid BML 

6 × BML 7 
 

Class of loci 

Parents µB' µC' µD' µE' µF' µG' µC'+ F' µD'+ E' 
Genetic 

affinity with 

Mean per se of 

BML 6 × donor 

Mean per se of 

BML 7 × donor 

MRC - 202 3.403* 0.787 3.083* 4.278* 0.787 2.352* 1.575 7.360* BML 7 33.22 28.63 

BML - 10 2.638* 2.762* 1.108 1.108 3.958* 2.933* 6.720* 2.215* BML 6 28.04 33.74 

MRC - 170 2.495* 1.045 2.825* 4.020* 1.045 1.360* 2.09* 6.845* BML 7 30.72 27.16 

RSK -14 3.430* 1.935* 1.935* 2.330* 2.735* 4.060* 4.67* 4.265* BML 6 32.74 34.34 

@ mean per se of the cross BML 6 × BML 7 is: 30.09* Larger than 2 × SE 

 
Table 4: Estimates of µB'…….. µG' for grain yield per plant (g) in four donors vis-à-vis designated target maize single cross hybrid BML 6 × 

BML 7 
 

Class of loci 

Parents µB' µC' µD' µE' µF' µG' µC'+ F' µD'+ E' 
Genetic 

affinity with 

Mean per se of 

BML 6 × donor 

Mean per se of 

BML 7 × donor 

MRC - 202 16.122* 12.713* 19.287* 21.188* 12.713* 15.787* 25.425* 40.475* BML 7 131.95 118.80 

BML - 10 15.432* 18.703* 13.288* 13.288* 20.613* 17.497* 39.315* 26.575* BML 6 119.57 134.22 

MRC - 170 16.275* 15.735* 16.255* 18.165* 15.735* 14.055* 31.470* 34.420* BML 7 122.44 121.40 

RSK -14 19.605* 15.995* 16.780* 17.120* 21.070* 21.070* 33.115* 32.775* BML 6 133.70 135.95 

@ mean per se of the cross BML 6 × BML 7 is: 125.80 * Larger than 2 × SE 

 

For increasing number of kernel rows P1 may be replaced by 

donor inbred line RSK 14. However, for grain yield per plant 

BML 7 (P2) × Pw recorded high per se performance and 

higher μG' values (Table 4). They also possessed high μF' 

(class where P1 and Pw have unfavourable alleles and P2 had 

favourable alleles). This revealed its worth in transferring 

favourable alleles for increased grain yield in the elite hybrid. 

P1 may be replaced by the donor RSK 14 or otherwise 

improvement of hybrid may be possible through improving 

the parental line BML 6 through repeated back crossing with 

RSK 14 as the donor has high genetic affinity with BML 6. 

Out of these four donor, RSK 14 is superior in showing 

significant frequency of favourable alleles for ear length, 

number of kernels per row and grain yield per plant and it 

could be considered as the best donor for recycling of the 

BML 6. Hence to conclude, the model has clearly shown the 

possibility to further improve the target hybrid with precise 

information of the gain or loss of favourable alleles when 

utilizing a suitable inbred as a donor for the improvement 

programme.  

Similarly several workers viz., Dudley et al. (1996) [7], 

Nagesh Kumar et al. (2003) [9], Reddy et al. (2005) [11], 

Malvar et al. (2004) [8] and Naik (2012) [10] used this model for 

inbred improvement and also supported that the single cross 

hybrid improvement could be possible by selecting donor 

inbreds with significant favourable alleles.  
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