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Maize is one of the most important crops in the 
world agricultural economy after wheat and rice. 

It plays a significant role in human food, livestock 
nutrition and industrial production. Production of maize 
is increasing day by day in our country due to its high 
yield potentiality, versatile uses, and almost year round 
growth ability and higher yield potential than other 
cereals. Major breakthrough in yield of maize came 
with the release of hybrids with high yield potential 
(Sharma et al., 2016). In the development of hybrids, 
the foremost step is the development and evaluation of 
the inbred lines and to know the nature and magnitude 
of heterosis for grain yield and its component traits. 
Heterosis is the deviation of F1 from the reference for 
the particular character. Heterosis of varying magnitude 
has been observed in almost all the crop plants. This 
heterosis has been successfully exploited in many 
cross pollinated crops among which maize is the major 
one. Maize is a highly cross pollinated crop and hand 
emasculation (detasseling) and wind borne pollination 
are used to produce hybrid seeds on a commercial 
scale. This phenomenon of heterosis attracted the 
consideration of plant breeders due to its prominent 
effect on economic characters especially grain yield, 
maturity and quality traits. The single cross quality protein 
maize hybrids have become popular all over the world 
due to their high yield potential and excellent uniformity 
along with increased level of lysine and tryptophan as 
the normal maize is deficient in these two essential 
amino acids. The success depends on the availability 
of productive diverse quality protein maize inbred lines 
and clear knowledge of gene action for specific traits to 
develop QPM hybrids (Sharma et al., 2017). Unless the 
productivity of QPM is comparable or better than the 
conventional maize varieties currently in use, farmers 
may be reluctant to produce it. This requires a rigorous 
inbred line development and evaluation work to identify 
potential parental lines for hybrid variety development 
(Abebe et. al., 2020). Therefore the objectives of this 
study were to determine the extent of heterosis in 
respect of yield and its component traits and quality 
traits and to identify best experimental hybrids having 
balanced level of grain yield and quality traits.

The study materials involved twenty eight QPM 
inbred lines (seventeen inbred lines from station and 
eleven received from biofortification trials received from 
Winter Nursery, Hyderabad). These best performing 
parental inbred lines viz., HKI 170 (1+2), HKI 193-1, 
HKI 165, HKI 161, HKI 5072-2BT (1-2), IMR 336, IMR 
373, HKI 26-2 (1+2), Sr. No. 74 QPM, HKI 191-2-5 , 
IMR 362, HKI 169, HKI 193-2, HKI 164-7-2, IMR 343, 
IMR 344, HKI 193-2-6, Bio Sr. No. 52, HKI 323 , IMR 
144, HKI 190 , HKI 191-2-6, IMR 357, HKI 164-7-4 , 
IMR  356, HKI 164-1-4(1-3), IMR 337 and HKI 5072-
2BT(1-2)1-3 were crossed in a half diallel mating design 
to produce twenty experimental hybrids during Rabi 
2016-17 and Rabi 2017-18. These hybrids were raised 
in Randomized Complete Block Design with three 
replications during Kharif 2018 at CCSHAU, Regional 
Research Station, Karnal, Haryana, which is located at 
latitude of 290 43ˈ42.19˝ N longitude of 760 58ˈ49.88˝ 
E and at an altitude of 253 meters above mean sea 
level. The plot size was two rows of 4.0m length with 
0.70 m between rows and 0.20m between plants within 
a row. All the agronomic practices were followed to 
raise a good crop. These genotypes were evaluated for 
phenological traits viz., days to 50 % tasselling, days to 
50 % silking and days to maturity, yield traits viz., plant 
height, ear height, 100-grain weight, grain yield and 
quality traits viz., protein content, tryptophan content, 
lysine content, oil content and starch content. 

The sum of squares was calculated by Analysis 
of Variance. The estimate of heterosis over standard 
check (standard heterosis) was calculated as follows

Where CC = mean performance of commercial cultivar 
F1 = mean performance of a cross
The statistical analysis was done using OPSTAT 

software.
Analysis of variance carried out to test the 

significance of genotypic differences among entries was 
found significant for all the characters (Table 1). It implies 
that these experimental hybrids have differences for all 
the characters under study. The pertinent results based 
on per se performance of 20 hybrids and 2 checks 
are presented in Table 2 and percentage of heterosis 
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measured as increase or decrease best checks have 
been presented in Table 3. Considerable amount of 
heterosis was observed for all the characters under 
study, however, the magnitude varied with characters. 
In the present study, out of twenty experimental 
hybrids studied, standard heterosis for grain yield per 
plant was significant (more than 10 % increase over 
check) in six hybrids over both the checks HQPM 1 
and HQPM 4. However, ten hybrids recorded positive 
standard heterosis. Among them, HKI 164-7-4 × IMR  
356 showed highest magnitude of standard heterosis 
for this trait followed by HKI 170 (1+2) × HKI 169, HKI 
193-2 × IMR 337, HKI 193-2 × HKI 169 and HKI 165 × 
HKI 161. These results coincide with the earlier findings 
of Shrestha et al. (2018), Kumari  et al. (2018), Sharma 
et al. (2017) and Sorsa et al. (2014) where standard 
heterosis was observed for this trait. Negative heterosis 
was observed for phonological traits. For days to 50 per 
cent taselling and days to 50 per cent silking, negative 
standard heterosis was recorded in seventeen hybrids 
over the check HQPM 1 and fourteen hybrids over the 
check HQPM 4. The range of standard heterosis was 
from -14.12 (HKI 164-7-4 × IMR 356) to -4.89 (HKI 170 
(1+2) × HKI 169) over check HQPM 1 (early maturing). 
For maturity traits, eight crosses showed negative 
heterosis over HQPM 1 in which  HKI 5072-2BT (1-2)  
× IMR 336 recorded minimum no. of days to maturity 
followed by  HKI 170 (1+2) × IMR 373 and HKI 164-7-
4 × IMR  356. Heterosis in earliness was observed by 
Shrestha et al. (2018), Kumari  et al. (2018), Sharma et 
al. (2017), Netravati et al. (2013), Elmyhum  (2013) and 
Raghu et al.  (2012). In case of plant height, medium 
height is desirable as very tall height tends to lodge and 
low height is generally not preferred because high plant 
height and high cob placement have direct correlation 
with grain yield (Sharma et al., 2016, 2017). For this trait, 
only five and three hybrids were found to have positive 
standard heterosis over check HQPM and HQPM 4, 
respectively and among them highest heterosis was 
recorded by HKI 190 × IMR 373. For ear height, none of 
the hybrid has standard heterosis over both the hybrid 
checks. For tallness, heterotic responses were also 
observed by Praveen et al. (2014) and Netravati et al. 
(2013).  The standard heterosis for eight and six hybrids 
were found over HQPM 1 and HQPM 4, respectively, for 
100- grain weight and highest heterosis was recorded 
for HKI 170 (1+2) ×  HKI 169 but it was found to be less 
than 10% superiority. These results are in agreement 
with earlier findings of Rajesh et al. (2014), and Sorsa 
et al. (2014). High and significant heterosis for grain 
yield accompanied by significant heterosis for one or 
more yield contributing characters was earlier reported 
by several workers (Shrestha et al., 2018; Kumari et al., 
2018; Sharma et al., 2017; Shazia et al., 2017; Sorsa 
et al., 2014; Raghu et al., 2012; Jawaharlal et al., 2012 

and Appunu et al., 2007).
For quality traits, all the hybrids have positive 

standard heterosis over both the checks for protein 
content and highest was recorded for HKI 191-2-5 ×  
IMR 362, HKI 164-7-2 ×  IMR 343, HKI 165 ×  HKI 161 
and HKI 193-2 ×  IMR 337. For lysine content, HKI 
164-7-4 × IMR 356, HKI 193-2 × HKI 169, HKI 193-2 × 
HKI 169 recorded highest standard heterosis for lysine 
content. Crosses HKI 170 (1+2) × HKI 169, HKI 165 × 
HKI 161, HKI 193-2 × HKI 169, HKI 164-7-4 × IMR 356 
have high heterosis for tryptophan content. HKI 191-
2-5 ×  IMR 362, HKI 170 (1+2) × HKI 169, HKI 5072-
2BT(1-2)1-3 × IMR 336, HKI 164-7-4  × IMR  356 and 
HKI 164-1-4(1-3) × IMR 356 recorded more than 10% 
superiority over both the checks for oil content. In case 
of starch content, none of the hybrid have more than10 
% superiority over either of the checks. However, HKI 
164-7-4 × IMR 356 and HKI 164-1-4(1-3) × IMR 356 
have recorded highest heterosis for this trait. For quality 
characters, similar heterotic response was observed by 
Sharma et al. (2017), Sorsa et al. (2014), Singh et al. 
(2013) and Elmyhum  (2013).

A perusal of heterotic behaviour and magnitude of 
heterosis in the superior experimental hybrids revealed 
that heterosis for grain yield may be because of the fact 
that at least one parent involved in these crosses is 
desirable, should also taken into account for heterosis 
breeding. The most promising combinations selected 
separately on the basis of heterotic effect over best 
checks i.e HQPM 1 and HQPM 4, therefore, suggested 
that these five top performing experimental hybrids viz., 
HKI 164-7-4 ×  IMR 356, HKI 170 (1+2) ×  HKI 169, HKI 
193-2 × IMR 337, HKI 193-2 × HKI 169 and HKI 165 × 
HKI 161 manifested high heterotic effect for grain yield 
and other traits also. Among them, hybrid HKI 164-7-4 
× IMR 356 were found the best combination for grain 
yield coupled with early maturity and tryptophan, lysine 
content, starch content and oil content, HKI 170 (1+2) 
× HKI 169 was best for grain yield with other traits viz., 
early maturity, hundred grain weight, tryptophan and 
oil content, HKI 193-2 ×  HKI 169  for tryptophan and 
lysine content along with grain yield and HKI 165 × HKI 
161 for protein and tryptophan as well as for grain yield. 
Parents of these highly heterotic crosses explained the 
existence of genes with some degree of dominance 
controlling the character. Expression of heterosis also 
depends on the divergence between genotypes, as 
differences in allele frequencies are required at loci 
involved in the expression of desirable characteristics. 
Whereas, low heterotic effect is likely due to low genetic 
complementarily of loci with non-additive effects, 
possibly because these crosses displayed some 
degree of parental relationship. These results indicated 
that these crosses could be selected and used in 
breeding programs for improving these traits. The most 
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promising combinations selected separately on the 
basis of heterotic effect over best checks therefore, 
suggested that as such these results will be useful for 
choosing populations to be used in developing new 
improved maize populations. Also, the acceptable level 
of protein quality in the QPM is very important since the 
protein contrast in QPM is affected by heterotic pattern 
indicating recognition of heterotic pattern as one step 
onward in the improvement of QPM varieties.
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