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Abstract 
Development and identification of suitable parents for hybridization is a vital step in hybrid production programmes. 
Success of hybrid breeding depend on how distantly the parents are related, which can be possible through crossing 
of parents belongs to different heterotic groups. So, the phenomenon of heterotic grouping and combining ability are 
imperative in maize breeding programmes. The present investigation was carried to identify lines with good general 
combining ability (GCA) and crosses with good specific combining ability (SCA). 44 testcrosses were generated by 
crossing 11 lines with 4 testers using L x T mating design. The testcrosses along with parents and 5 checks were 
evaluated for kernel yield and its attributing traits in simple lattice design. Analysis of variance for combining ability 
revealed that the parents vs hybrids exhibited significant difference for all the traits indicating the presence of variability 
in the genetic material. None of the lines exhibited significant GCA in desirable direction for kernel yield. The cross 
VL15869-14 x LM14 exhibited positive significant SCA effect for kernel yield. Heterotic grouping classified 5 inbred 
lines L1, L3, L4, L6 and L10 into heterotic group B and 1 inbred line L8 into heterotic group A. Remaining 5 inbred lines 
L2, L5, L7, L9 and L11 were not categorized into any heterotic groups.
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INTRODUCTION
Maize (Zea mays L.) is one of the world’s most significant 
cereal crops after rice and wheat. Maize is known as the 
“Queen of Cereals” because it has the highest genetic 
production potential among all cereals (Kumari et al., 
2016). It is the only cultivated species in the Maydeae tribe 
of the Poaceae family with greater economic value, and 
plays a critical role in global food and nutritional security. 
Being a C4 plant, it is physiologically more efficient, yields 
more grain, and adapts to a wider range of environments. 
“Maize is expected to overtake rice as the world’s most 
important grain by 2030, owing to rising demand for dairy 
and meat products in developing countries and declining 
rice production in China and India (Salvi et al., 2007).

In India, it is cultivated over an area of 9.89 m ha with a 
production and productivity of 31.60 million tonnes and 
3199 kg ha-1 respectively. In Andhra Pradesh, maize 
is cultivated in an area of 0.3 m ha with a production 
and productivity of 1.78 million tonnes and 5917 kg 
ha-1 respectively (www.indiaagristat.com, 2020-21). It 
accounts for over 30% of global cereal output and still 
its demand continues to soar. Maize contributes to 15% 
of the world’s protein and 19% of the calories derived 
from the food crops (Kumari et al., 2018). Maize, coupled 
with rice and wheat, supplies at least 30% of the calories 
consumed by approximately 4.5 billion people in 94 
developing countries (Shiferaw et al., 2011).
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Knowledge of parents breeding behaviour is critical 
for the design of a breeding programme. The phase of 
developing and identifying parents that form superior 
heterotic patterns, though fundamental to hybrid 
breeding, is the most costly and laborious in a maize 
hybrid programme. This is because per se performance 
of the parents does not predict the performance of maize 
hybrids for grain yield (Hallauer and Miranda, 1988; 
Dao et al., 2014 and Katragadda et al., 2020). The yield 
potential is realized in maize mainly due to success in 
hybrid breeding for exploitation of heterosis in the form of 
hybrids and synthetics (Sharma et al., 2019).

Combining ability of inbred lines provides information 
about the genetic nature of quantitative traits and facilitates 
the selection of the best parents for heterosis breeding 
(Dao et al., 2014; Nyaligwa et al., 2016 and Katragadda 
et al., 2020). It is one of the most useful techniques for 
determining the best combiner to engage in crosses, 
to either exploit heterosis or to accumulate fixable 
genes. According to Allard (1960), the expected value 
of any cross is the sum of its two parental lines general 
combining ability (GCA), whereas the deviation from this 
expected value is called specific combing ability (SCA). 
The predominance of GCA allows for better selection 
efficiency in segregating populations (Bocanski et al., 
2009). GCA variation describes the degree of additive 
gene action, whereas SCA variance shows the degree 
of non-additive gene action. Gene actions, both additive 
and non-additive, are critical for the genetic expression of 
yield and related traits. Selection of appropriate breeding 
programme for maximum genetic improvement is based 
on relative values of general and specific combining 
abilities (Griffing, 1956).

Apart from selection of superior lines and analysis of their 
combining ability, placing them in well-defined heterotic 
groups is essential to increase the probability of success 
in heterosis breeding. Heterotic patterns are important 
as they guide breeders to decide on the germplasm to 
be used in hybrid production over a long period thus 
simplifying germplasm management and organization 
(Nepir et al., 2015 and Oppong et al., 2019). A heterotic 
group is a group of related or unrelated genotypes 

displaying similar combining ability and giving a heterotic 
response when crossed to opposite or other genetically 
distinct germplasm group and establishment of the best 
combination of inbreds among the heterotic groups is 
crucial to the development of successful maize hybrids 
(Barata and Carena, 2006 and Fan et al., 2009).

MATERIALS AND METHODS
Genetic materials: The crosses were generated during 
kharif season 2021 by crossing 11 lines with 4 testers 
(Table 1) in line × tester mating design proposed by 
Kempthorne (1957) at ARS, Peddapuram. The generated 
hybrids were evaluated along with their parents and 
five checks  during rabi, 2021-22 at Agricultural College 
Farm, Bapatla, Andhra Pradesh, situated at 150 55’ North 
latitude and 800 30’ East longitude and altitude of 5.49 m 
above Mean Sea Level (MSL). 

Trail management: The experimental material was 
evaluated using simple lattice design. The whole 
experimental area was divided into two replications. 
Each replication consisted of eight blocks. In each block 
eight genotypes were allocated and each genotype was 
planted in two rows each of three meter in length with a 
spacing of 60 cm between rows and 20 cm within row. 
To maintain adequate crop stand all agronomic practices 
and need based plant protection measures were adopted 
throughout the crop growth period.

Data collection and Analysis: Data were recorded on 
various pre and post-harvest parameters like days to 
50% tasseling, days to 50% silking, days to maturity on 
plot basis whereas plant height, ear placement height, 
ear length, ear girth, No. of kernel row per cob, No. of 
kernels per row, hundred kernel weight, protein content 
and kernel yield on plant basis. All of data collected were 
subjected to statistical analysis using software Windostat 
Version 9.3 from Indostat Services. General combining 
ability (GCA) and specific combing ability (SCA) effects 
were calculated from the mean sum of squares of L x T 
mating design according to the procedures developed by 
Kempthorne (1957) and adopted by Singh and Choudhry 
(1979). Heterotic grouping was determined according 
to Vasal et al. (1992). Depending on the direction of the 

Table 1. List of lines and testers used in the present experiment

S. No. Inbred line S. No. Inbred line
L1 VL171488-2 L9 SNL19564-20
L2 VL18828 L10 SNL19582-22
L3 VL19978-6 L11 SNL19588-23
L4 VL19705-8 Testers
L5 VL19255 T1 BML6
L6 VL18142 T2 BML7
L7 CAL1733-13 T3 LM13
L8 VL175869-14 T4 LM14
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SCA estimates such that lines displaying positive SCA 
with tester A were grouped towards the opposite heterotic 
group, and vice versa, whereas lines exhibiting positive 
SCA to both testers were grouped under AB heterotic 
group.

RESULTS AND DISCUSSION
Analysis of variance and mean performance: Variability in 
a crop species is of utmost importance as it provides the 
basis for effective selection. Selection of parents based 
on their phenotypic performance may not be desirable 
because phenotypically superior lines may not provide 
good hybrid combinations (Elmyhun et al., 2020). So, 
combining ability of parents as well as crosses is an 
important measure in the selection of parents (Sprague 
& Tatum, 1942; Griffing, 1956 and Ahmed et al., 2017). 

Analysis of variance for combining ability revealed that 
the parents vs hybrids exhibited significant difference 
for all the traits indicating the presence of variability in 
the genetic material (Table 2). Significant differences 
among lines and interaction of lines and crosses for plant 
height, ear placement height, ear length, ear girth, No. of 
kernels per row, hundred kernel weight and kernel yield 
per plant indicating sufficient variability among these traits 
and providing the chance for selection for improvement 
of yield and yield attributing traits. Similar findings have 
been reported by several authors. (Pandit et al., 2018; 
Rajesh et al., 2018 and Elmyhun et al., 2020).

Mean performance of kernel yield per plant which is a 
primary economic produce of maize ranged from 78.33 
g to 182.17 g with mean value of 135.80 g. The cross 
VL175869-14 x LM14 revealed high kernel yield per plant 
(182.17 g) followed by SNL19564-20 x BML6 (163.33 g). 
But none of the crosses exhibited significant heterosis 
over standard checks DKC8171 and PAC751. Abebe, 
Wolde and Gebreselassie (2020) investigated combining 
ability and heterosis of maize inbred lines and stated 
that none of the crosses performed better than the best 
standard check in kernel yield.

Combining ability effects: Information on gca effects 
helps a breeder to exploit existing variability in breeding 
materials to choose genotypes having desirable 
characters and to distinguish relatedness among the 
breeding material (Sprague and Tatum, 1942). The gca 
effects of the inbred lines were presented in table 3. The 
line VL18828 exhibited significant gca effect in desirable 
direction for days to 50% tasseling, days to 50% silking 
(Nyombayire et al., 2021 and Olayiwola et al., 2021). This 
line can be further utilized in the development of early 
duration hybrids. 

None of the lines exhibited significant gca effects for 
kernel yield but the line SNL19582-22 possessed 
significant negative gca effect for kernel yield signifying 
that this line was undesirable combiner for developing 

high yielding hybrids and synthetic varieties. Andayani 
et al. (2018) and Olayiwola et al. (2021) identified inbred 
lines with significant negative and positive gca effects for 
kernel yield in their studies.

The sca effects help breeders to determine heterotic 
patterns among populations or inbred lines to identify 
promising single crosses and assign them into heterotic 
groups” (Lahane et al., 2014). Significant high sca 
effects in desirable direction was recorded by the cross  
VL19255 x BML7 for days to 50% tasseling, days to 50% 
silking (Amiruzzaman et al., 2013). The cross VL15869-
14 x LM14 possessed significant positive sca effect  
whereas the cross VL175869-14 x LM13 exhibited 
significant negative sca effect for kernel yield per 
plant (Table 4). Similar reports of both positive and 
negative significant sca effects for kernel yield was 
reported by Natol et al. (2017); Abebe et al. (2020) and  
Elmyhun et al. (2020).

The ratio of GCA to SCA variance determines the 
gene action involved in the inheritance of those 
traits. If ratio that is less than unity represents 
predominance of non-additive gene action, more than 
unity represents predominance of additive gene action  
(Kumawat et al., 2021).

The component of variance due to SCA was higher than 
GCA in all the studied traits except for kernel rows per 
ear and protein content indicating the predominance of 
non-additive gene action in the inheritance of these traits, 
whereas GCA variance was higher than SCA variance for 
the remaining traits indicating the predominance of additive 
gene action and are presented in Table 5. Similar findings 
were reported by Italia et al. (2022); Wani et al. (2017); 
Niyonzima et al. (2015); Chandel and Guleria, (2019); 
Ibrahim et al. (2021); Patil et al.(2021).

Heterotic grouping: “Lines displaying positive SCA effects 
with a tester were grouped towards the opposite heterotic 
group, whereas lines exhibiting positive SCA effects to 
both testers were grouped towards both groups, and lines 
that expressed negative SCA effects with the two testers 
could be discarded” (Vasal et al., 1992 and Elmyhun et 
al., 2020). The combining ability effects of the inbred 
lines when crossed to 2 testers. Testers exhibiting better 
performance were considered during heterotic grouping 
(LM13, LM14).  Among the 11 inbred lines, 5 inbred lines 
L1, L3, L4, L6 and L10 having positive SCA effect with 
tester LM13 were placed in heterotic group B and the line 
L8 having positive SCA with tester LM14 was placed in 
heterotic group A. The 5 inbred lines L2, L5, L7, L9 and 
L11 possessing negative SCA with both the testers were 
discarded (Table 6).

Combining ability analysis is an important tool in estimating 
GCA of the parents and SCA of the crosses in selecting 
desirable parents for hybridization as well as in identification 
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Table 5. Estimates of genetic components of variance for kernel yield and its contributing traits in maize  
(Zea mays L.)

Days 
to 50% 

tasseling

Days 
to 50% 
silking

Days to 
maturity

Plant 
height 
(cm)

Ear 
placement 

height  
(cm)

Ear 
length 
(cm)

Ear 
girth 
(cm)

Kernel 
rows  
ear-1

Number 
of kernels 

row-1

100 
kernel 
weight 

(g)

Protein 
content

(%)

Kernel 
yield  

plant -1        
(g)

σ2gca -0.456 -0.476 -0.339 0.977 12.191 0.327* 0.185 0.252 1.298* 5.410** 0.150 -8.290

σ2sca 1.512 2.624* 0.265 10.425 74.825** 0.554 0.257* 0.058 1.973 -2.120 0.140 125.38*

σ2gca/ 
σ2sca

-0.302 -0.181 -1.279 0.094 0.163 0.590 0.720 4.345 0.658 -2.552 1.071 -0.066

σ2gca – general combining ability variance                       
σ2sca – specific combining ability variance  

Table 6. Classification of inbred lines into heterotic groups

S. No Inbred line Tester LM13 (HB) Tester LM14 (HA)

KYPP (g) SCA KYPP (g) SCA Heterotic 
group

L1 VL171488-2 143.00 6.483 135.00 -1.109 B
L2 VL18828 138.17 -0.269 134.17 -3.86 -
L3 VL19978-6 148.00 16.396 123.33 -7.86 B
L4 VL19705-8 151.33 8.315 141.67 -0.941 B
L5 VL19255 134.00 -11.352 140.00 -4.944 -
L6 VL18142 154.00 13.939 139.33 -0.318 B
L7 CAL1733-13 141.67 -0.146 136.67 -4.733 -
L8 VL175869-14 96.67 -41.604** 182.17 44.305 ** A
L9 SNL19564-20 133.33 -8.977 126.67 -15.234 -
L10 SNL19582-22 140.00 19.231 116.67 -3.695 B
L11 SNL19588-23 136.67 -2.016 136.67 -1.612 -

of superior cross combinations. Analysis of variance for 
combining ability revealed that the parents vs hybrids 
exhibited significant difference for all the traits indicating 
the presence of variability in the genetic material. The 
cross VL175869-14 x LM14 (182.17 g) followed by 
SNL19564-20 x BML6 (163.33 g) revealed high kernel 
yield per plant.

GCA analysis identified the line VL18828 as a good 
general combiner for days to 50% tasseling and days to 
50% silking. Most of the lines and testers exhibited positive 
gca effect but are non-significant. The cross VL15869-14 
x LM14 was identified as good specific combiner for the 
trait kernel yield. Heterotic grouping classified 5 inbred 
lines L1, L3, L4, L6 and L10 into heterotic group B and 1 
inbred line L8 into heterotic group A. Remaining 5 inbred 
lines L2, L5, L7, L9 and L11 were not categorized into any 
heterotic groups. So, superior hybrid combinations can 
be developed by mating with opposite heterotic groups 
which saves the time for breeder in identifying distant 
parents for hybridization.
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