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Abstract 

 

Five white kernel maize inbred lines were crossed in a complete diallel fashion during spring season 2010 at Cereal 

Crops Research Institute (CCRI), Pirsabak - Nowshera, Khyber Pakhtunkhwa, Pakistan. The resulting 20 F1 hybrids, five 

parental inbred lines and two checks (OPV 'Jalal' and 'Pioneer hybrid 30k08') were evaluated in field experiments during 

summer season 2011 at four different locations i.e., Cereal Crops Research Institute (CCRI), Nowshera, University of 

Haripur, Haripur, Agriculture Research Station (ARS), Baffa - Mansehra, and Agriculture Research Institute, Mingora - 

Swat, Khyber Pakhtunkhwa, Pakistan. All the experiments were laid out in a randomized complete block design with three 

replications with the objective to identify the suitable hybrid combinations on the basis of their genetic potential for 

commercial cultivation in Khyber Pakhtunkhwa. A Large number of F1 hybrids revealed significant positive heterotic effects 

for grain yield and most of the yield contributing traits at Swat, followed by Baffa, Mansehra, Haripur and CCRI, Nowshera. 

Majority of the F1 hybrids revealed significant positive mid and better parent heterotic effects for ear length, grain rows per 

ear, 1000-grain weight and grain yield at all the locations. For grain yield, F1 hybrids like PSEV3 × FRHW-1 and PSEV3 × 

FRHW-2 at CCRI, FRHW-2 × FRHW-1 and SWAJK-1 × FRHW-1 at Haripur, FRHW-1 × SWAJK-1 at Mansehra and 

FRHW-2 × FRHW-3 and FRHW-1 × SWAJK-1 Mingora, Swat showed desirable and significant positive mid and better 

parents, economic and commercial heterosis. Therefore, these F1 hybrids could be reliably recommended for cultivation in 

the tested locations and their use in the future breeding programs for developing high yielding maize genotypes. 
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Introduction 

 

Maize (Zea mays L.) is an important cereal crop of 

the world grown in irrigated and rainfed areas, and ranks 

third after wheat and rice (Gerpacio & Pingali, 2007). 

Maize utilizes solar radiations more efficiently than other 

cereals. It is an annual short day plant and belongs to 

family poaceae and tribe Maydeae. It is grown at an 

altitude of 3300 meters above sea level and from 500 N to 

400S latitude in temperate, sub-tropical and tropical 

regions of the world (Iqbal, 2009). It can be grown on all 

types of soils ranging from sandy loam to clay loam. 

However, medium textured soil having pH values of 6.5 

to 7.5 is the most suitable for its successful cultivation. 

Maize plant is monoecious and protandrous, and hot dry 

weather accelerates pollen shedding (Poehlman, 1977). 

In Pakistan, maize is also third important cereal crop 

after wheat and rice (Hussain et al., 2011; Ali et al., 

2018). Maize is cultivated as multipurpose crop for food, 

feed and fodder by the farming community, who largely 

lives in rural areas of Pakistan. The use of maize in 

Pakistan as direct human food is decreasing; however, its 

industrial use is increasing at a much faster rate. Currently 

in Pakistan, maize was grown on an area of 1.229 million 

hectares and total production was 5.702 million tones 

with average grain yield of 4.640 tons ha-1 (PBS, 2017-

18). In Khyber Pakhtunkhwa province of Pakistan, after 

wheat, the maize is the second important summer cereal 

with an area of 0.451 million hectares and production of 

0.865 million tons with average grain yield of 1.917 tons 

ha-1 (BS-PDP, 2016-17). In Khyber Pakhtunkhwa, more 

than 27% of the total cultivated area is cultivated by 

maize, which is second to wheat with total area of 42% 

(Iqbal et al., 2010; Ali et al., 2017). In the mountainous 

areas of Khyber Pakhtunkhwa, maize is utilized as an 

important staple food by the farming community as well 

as source of green and dry fodder for livestock (Iqbal et 

al., 2010; Khan et al., 2011). 

Heterosis is a prerequisite for developing high 

yielding and economically viable maize hybrids. 

Production of such maize hybrids is largely dependent on 

a) ability of a breeder to exploit heterosis and b) 

knowledge of gene action involved in the expression of 

heterosis. Shull (1952) coined the term 'heterosis' which 

means the increase in vigor, size, speed of development, 

fruitfulness, resistance to biotic and abiotic stresses of the 

F1 hybrids than their parental inbred lines. After that, 

many other maize breeders started working on hybrid 

vigor to benefit from that phenomenon. Mostly dominant 

gene action controls the inheritance of most maize 

characters, however, it is difficult to find out whether that 

dominance is partial to complete or in over-dominance 

range (Hallauer & Miranda, 1981; Ali et al., 2017, 2018). 

Generally, heterosis has been assessed in genetically 

different populations which mix-up the associations 

among dominance and gene frequency. Some previous 
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studies revealed that heterozygosity of each parental pair 

is significantly associated with the general combining 

ability and not with specific combining ability. However, 

neither genetic diversity nor heterozygosity is a good 

indicator for predicting heterosis (Liu & Wu, 1998). 

For more than a century, breeders all over the world 

are working on heterosis/hybrid vigor; however, basic 

causes that contribute to heterosis are still unclear (Coors 

& Pandey, 1999; Li et al., 2018). Despite the lack of clear 

understanding, literature acknowledges increase in vigor 

and productivity of many domesticated species by the 

successful utilization of heterosis (Springer & Stupar, 

2007). Heterosis estimation is helpful in evaluation of 

parent’s performance in hybrid combinations. Significant 

commercial heterosis was observed for all the drought 

tolerant traits such as soil-plant analyses development 

(SPAD) chlorophyll meter reading, specific leaf area, 

anthesis silking interval, carbon isotope discrimination and 

grain yield (Venkatesha et al., 2013). An increase in yield 

by 15% per year has been recorded by use of heterosis in 

maize F1 hybrids (Duvick, 1999). Correlations of better 

parent heterosis with performance of parental genotypes 

and hybrids were of comparable magnitude which 

revealed that both inbred lines and hybrids are contributing 

to observed genotype-by-environment interactions for 

heterosis in maize (Li et al., 2018). In previous studies, 7 × 

7 diallel hybrids were evaluated to find out heterosis and 

the performance of cross combinations in maize, and 

observed commercial heterosis ranged from -17.60 to 

9.71%, -20.41 to 8.04%, -13.89 to 7.54% and -6.17 to 

14.48% for grain yield, grains per ear, ear length and ear 

diameter, respectively (Amiruzzaman et al., 2010). 

Keeping in view the importance of hybrid vigor, an 

attempt was made to develop F1 diallel hybrids so as to 

study their genetic potential at different locations of 

Khyber Pakhtunkhwa, Pakistan. 
 

Materials and Methods 
 

Plant material, design and procedure: Five white kernel 

maize inbred lines with distinct genetic make-up were 

crossed in a complete diallel fashion during spring season 

2010 at Cereal Crops Research Institute (CCRI), Pirsabak - 

Nowshera, Khyber Pakhtunkhwa (Table 1). The resulting 

20 F1 hybrids, five parental inbred lines and two check 

genotypes (OPV 'Jalal' and 'Pioneer hybrid 30K08') were 

evaluated during summer season 2011 through field 

experiments at four different locations i.e., Cereal Crops 

Research Institute (CCRI), Pirsabak-Nowshera, 

Agricultural Research Institute (North) Mingora-Swat, 

Agricultural Research Station, Baffa - Mansehra, and the 

University of Haripur, Haripur- Khyber Pakhtunkhwa, 

Pakistan. All the experiments were laid out in a randomized 

complete block design (RCBD) with three replications at 

all the locations. Experimental sub-plots were comprised of 

four rows five meters long for all entries. Rows and plants 

spacing were kept 75 and 25 cm, respectively in all the 

experiments. Recommended cultural practices and inputs 

were uniformly applied to all the genotypes at all the 

locations to minimize the field environmental variations. 

From the central two rows, ten plants were randomly 

selected and used for recording the data for each character 

in each treatment, replication and location. 

 

Measurement of traits: For ear length, ten randomly 

selected ears were measured in cm and averaged with a 

measuring tape. For grains rows per ear, ten ears in each 

subplot were randomly selected and number of grains 

rows per ear were counted and averaged. Random sample 

of 1000 grains were taken from final produce of each 

entry and their weight (g) was recorded by using electric 

balance. Grain yield of each genotype was calculated in 

kg after harvesting and adjusting fresh ear weight to 150 g 

kg-1 grain moisture by using following formula (Carangal 

et al., 1971). 

 

Grain yield (kg ha-1) = 
(100-MC) x FEW x Shelling coefficient 

x 10,000 
(100-15) x Plot area 

 

where; 

MC= Moisture content (%) in grains at harvest 

FEW = Fresh ear weight (kg) at harvest 

Shelling coefficient = Shelling percentage/100 

 

Table 1. Name and pedigree of parental inbred lines and their F1 diallel hybrids. 

S. No. Inbred lines Code of inbred lines Pedigree 

1. FRHW-22(F2)-5 FRHW-1 Male Parental Single cross of Babar 

2. FRHW-22(F2)-4-7 FRHW-2 Male Parental Single cross of Babar 

3. FRHW-20-4 FRHW-3 Female Parental Single cross of Babar 

4. PSEV3-120-2-2-2 PSEV3 
Derived from white maize population PSEV3  

(Base population of commercial OPV Jalal) 

5. SWAJK-6-6-3-6 SWAJK-1 Derived from open pollinated long duration variety Sarhad White 

S. No. F1 hybrids S. No. F1 hybrids 

1. FRHW-1× FRHW-2 11. FRHW-3 × PSEV3 

2. FRHW-1 × FRHW-3 12. FRHW-3 × SWAJK-1 

3. FRHW-1 × PSEV3 13. PSEV3 × FRHW-1 

4. FRHW-1 × SWAJK-1 14. PSEV3 × FRHW-2 

5. FRHW-2 × FRHW-1 15. PSEV3 × FRHW-3 

6. FRHW-2 × FRHW-3 16. PSEV3 × SWAJK-1 

7. FRHW-2 × PSEV3 17. SWAJK-1 × FRHW-1 

8. FRHW-2 × SWAJK-1 18. SWAJK-1 × FRHW-2 

9. FRHW-3 × FRHW-1 19. SWAJK-1 × FRHW-3 

10. FRHW-3 × FRHW-2 20. SWAJK-1 × PSEV3 
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Statistical analyses: Genotype by environment interaction 
analysis was carried out according to Gomez and Gomez 
(1984). Heterosis over mid-parent was calculated in terms 
of percent increase (+) or decrease (-) of the F1 hybrids over 
its mid parent value at all the locations as suggested by 
Fehr (1987). 
 

100  
MP

 MP- F
 = % Heterosis 1 

 
 

Heterobeltiosis as coined by Fonseca (1965) was 
estimated in terms of percent increase or decrease of the 
F1 hybrid over its better parent. 

 

100  
BP

BP - F
 = % iosisHeterobelt 1 

 
 

Economic heterosis was also calculated by comparison 
of F1 hybrids with existing commercial open pollinated 
variety 'OPV Jalal' using the following formula: 

 

100  
CV

CV - F
 %HeterosisEconomic 1 )(

 
 

Commercial heterosis was also estimated with the 
help of following formula using commercial hybrid (CH) 
'Pioneer 30K08' in comparison. 
 

100  
CH

CH - F
 %HeterosisCommercial 1 )(

 
 

Heterotic values for all the above four categories of 
heterosis were further subjected to 't' test to determine 
whether F1 hybrid means were statistically different from 
their mid and better parents, check cultivar and hybrid. 
The 't' values were computed by the following formulas 
(Wynne et al., 1970). 
 

't' for mid-parent heterosis )EMS(
r2

3

MPF
t 1 

 

't' for better parent heterosis 
)EMS(

r

2

BPF
t 1 

 
 

where 
MP = Mid parent value of the particular F1 hybrid 
BP = Better parent value in the particular F1 hybrid 
EMS = Error mean square 
 

The 't' values for economic and commercial heterosis 
were calculated by the following formulas (Falconer & 
Mackay, 1996). 
 

t (Economics heterosis) =  SH/SE(d) 
 

t (Commercial heterosis) = CH/SE(d 

SE (d) for EH or CH = ± 
r/Me2t 

 

 

where 

SE(d) = Standard error 

Me = Error mean square 

r = Number of replications 

t = Obtained value was tested against the tabulated t-value 

at error degree of freedom 

 

Results and Discussion 

 

According to combined analysis of variance, 

genotypes, environments (locations) and genotype by 

environment interaction effects revealed significant 

(p≤0.01) differences for all the studied traits (Table 2). In 

present study, the significance of genotypes, 

environments and genotype by environment interactions, 

authenticated that differences might be due to different 

genetic makeup of maize genotypes and their interaction 

with environments. Significant differences were found 

among the maize genotypes studied for yield related traits 

in diverse environments (Ahmad et al., 2011; EL-Hosary 

et al., 2014). Presence of significant differences among 

parents and crosses revealed the choice of exploitation of 

heterosis for all the trait in maize across the three 

locations (Panda et al., 2017). Previous studies revealed 

that significant differences were observed among maize 

hybrids for yield and yield components and concluded 

that these differences might be due to varied genetic 

background of the genotypes (Ali et al., 2007; Malik et 

al., 2010; Nzuve et al., 2014). 

 
Ear length: Regarding mid and better parent heterosis for 
ear length at CCRI, all the F1 hybrids manifested significant 
positive mid and better parent heterosis (Table 3). Significant 
positive mid parent heterosis ranged from 23.41% (PSEV3 × 
FRHW-1) to 77.83% (FRHW-3 × SWAJK-1) for ear length. 
Three other F1 hybrids followed were; PSEV3 × FRHW-3 
(65.01%), SWAJK-1 × FRHW-3 (63.20%) and FRHW-3 × 
FRHW-2 (61.86%). For better parent heterosis, the range 
was 8.86% (FRHW-1 × FRHW-2) to 73.63% (FRHW-3 × 
SWAJK-1) for ear length. Latter promising F1 hybrid for ear 
diameter was followed by three other F1 hybrids i.e., 
SWAJK-1 × FRHW-3 (59.34%), FRHW-3 × FRHW-2 
(58.89%) and SWAJK-1 × FRHW-2 (58.79%). Economic 
heterosis for ear length was maximum in hybrid PSEV3 × 
FRHW-3 (12.93%) and that was followed by FRHW-3 × 
PSEV3 (7.48%) and FRHW-3 × SWAJK-1 (7.48%) and 
minimum and same value (2.04%) was recorded in two other 
F1 hybrids i.e., FRHW-2 × FRHW-1 and PSEV3 × FRHW-
1. In case of commercial heterosis, single F1 hybrid PSEV3 × 
FRHW-3 (4.40%) showed increase in ear length than 
commercial check hybrid at CCRI. 

 
Table 2. Mean squares for various traits in 5 × 5 F1 diallel hybrids of maize evaluated at four locations. 

Traits 
Genotypes (G) 

(d.f. = 26) 

Locations (L) 

(d.f. = 3) 

Reps. within location 

(d.f. = 8) 

G × L 

(d.f. = 78) 

Error 

(d.f. = 208) 
CV (%) 

Ear length 59.879** 222.264** 3.740** 3.455** 0.496 4.29 

Grain rows ear-1 9.1805** 22.6874** 0.0931ns 1.7049** 0.1489 2.81 

1000-grain weight 0.03745** 0.20166** 0.00155* 0.00328** 0.00071 8.57 

Grain yield (kg ha-1) 5.750E+07** 2.303E+08** 329509ns 3591133** 179730 4.68 
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Regarding ear length at Haripur, 19 F1 hybrids 
revealed positive heterotic effects over mid parent (Table 
3). Highest mid parent heterotic performance (47.10%) 
was observed in F1 hybrid FRHW-3 × FRHW-2 while 
minimum in F1 hybrid FRHW-1 × FRHW-2 (3.43%). 
Former F1 hybrid was tailed by three other hybrids such 
as, FRHW-2 × SWAJK-1 (38.90%), SWAJK-1 × FRHW-
3 (38.41%) and FRHW-2 × FRHW-3 (37.05%). For better 
parent heterosis, 15 F1 hybrids showed positive values for 
ear diameter ranging from 1.20% (FRHW-3 × PSEV3) to 
46.69% (FRHW-3 × FRHW-2) for ear length. Two other 
F1 hybrids like FRHW-2 × FRHW-3 (36.66%) and 
FRHW-2 × SWAJK-1 (22.51%) also revealed maximum 
heterobeltiosis. For ear length, three F1 hybrids exhibited 
positive economic heterosis and maximum value was 
recorded in PSEV3 × FRHW-1 (6.08%) while minimum 
(3.13%) in hybrid FRHW-3 × FRHW-1. For commercial 
heterosis, two F1 hybrids like PSEV3 × FRHW-1 (2.67%) 
and PSEV3 × SWAJK-1 (0.78%) exhibited positive 
heterotic effects and showed maximum ear length than 
commercial check hybrid at Haripur. 

All the F1 hybrids revealed significant positive mid 
parent heterosis for ear length at Mansehra (Table 3). 
Significant maximum mid parent heterosis was recorded 
in F1 hybrid FRHW-2 × FRHW-3 (63.66%) while 
minimum in FRHW-1 × PSEV3 (7.67%). Four other F1 
hybrids viz., FRHW-3 × FRHW-2, SWAJK-1 × FRHW-
3, FRHW-1 × FRHW-3 and FRHW-2 × SWAJK-1 also 
revealed incredible mid parent heterotic values of 52.58, 
51.86, 45.81 and 45.53%, respectively for ear length. In 
view of better parent heterosis for ear length, 18 F1 
hybrids presumed positive heterotic effects varying from 
1.40% (PSEV3 × FRHW-2) to 63.14% (FRHW-2 × 
FRHW-3). These promising F1 hybrids were followed by 
two other F1 hybrids FRHW-3 × FRHW-2 (52.10%) and 
SWAJK-1 × FRHW-1 (34.88%). In case of economic and 
commercial heterosis for ear length, none of the F1 
hybrids surpassed check cultivars at Mansehra.  

At Swat, all the F1 hybrids exhibited significant 

positive mid and better parent heterosis for ear length 

varying from 16.27% (FRHW-1 × PSEV3) to 64.20 

(SWAJK-1 × FRHW-3) for mid and 7.40% (FRHW-1 × 

FRHW-2) to 50.62% (FRHW-2 × FRHW-3) for better 

parent heterosis (Table 3). Latter promising F1 hybrid for 

mid parent heterosis was followed by three other F1 

hybrids FRHW-3 × SWAJK-1 (57.04%), SWAJK-1 × 

FRHW-2 (55.01%) and FRHW-2 × SWAJK-1 (51.30%). 

In case of heterobeltiosis, two other F1 hybrids FRHW-3 

× FRHW-2 (48.81%) and SWAJK-1 × FRHW-3 

(44.60%) also showed promising performance for ear 

length. With respect to economic heterosis for ear length, 

two F1 hybrids i.e., PSEV3 × FRHW-1 (3.48%) and 

SWAJK-1 × PSEV3 (1.88%) showed positive heterotic 

effects. Positive commercial heterosis was observed in 

none of the F1 hybrids for ear length at Swat. 

At CCRI and Swat, all the F1 hybrids, while 19 and 

15 at Haripur and 20 and 18 F1 hybrids at Mansehra 

surpassed the mid and better parents, respectively for ear 

length. In case of economic heterosis, 11, 3 and 2 F1 

hybrids at CCRI, Haripur and Swat and none of F1 hybrid 

at Mansehra revealed positive values, respectively. In 

case of commercial heterosis, 1, 2 and 2 F1 hybrids at 

CCRI, Haripur and Swat manifested positive heterotic 

effects, respectively. Previous studies revealed significant 

positive mid-parent heterosis ranging from 11.11 to 

27.66%, 13.51 to 17.95%, 7.07 to 47.66%, 23.93 to 

82.39% and 8.84 to 25.18% for ear length, grain rows per 

ear, 100-grain weight, grain yield per plant and harvest 

index, respectively in maize (Dhoot et al., 2017). Past 

studies revealed positive heterotic values for mid and 

better parents with greater genetic variability among 

maize F1 populations for yield related traits (Ali et al., 

2013; Gorgulho & Filho, 2001; Suba et al., 2001). 

Similarly, Rajesh et al., (2014), Shah et al., (2014), 

Bekele & Rao (2013) and Singh et al., (2013) findings 

also revealed mid, better and commercial heterosis for ear 

traits in maize F1 hybrids. 

 
Grain rows per ear: For grain rows per ear at CCRI, 19 F1 

hybrids revealed positive mid parent heterosis (Table 4). 

However, maximum heterotic effects were exhibited by F1 

hybrid PSEV3 × FRHW-2 (20.11%), followed by FRHW-3 

× FRHW-1 (15.97%), SWAJK-1 × FRHW-2 (15.57%) and 

FRHW-3 × PSEV3 (14.29%), while minimum by FRHW-1 

× PSEV3 (2.20%). Similarly, 13 F1 hybrids showed 

positive heterobeltiosis ranging from 0.49% (PSEV3 × 

SWAJK-1) to 19.43% (PSEV3 × FRHW-2) for grain rows 

per ear. Latter promising F1 hybrid was followed by two 

other F1 hybrids FRHW-3 × PSEV3 (12.00%) and PSEV3 

× FRHW-3 (11.43%). In view of economic heterosis for 

grain rows per ear, 15 F1 hybrids manifested positive values 

and maximum by FRHW-1 × SWAJK-1 (17.33%), 

followed by SWAJK-1 × FRHW-2 (16.80%) and SWAJK-

1 × FRHW-1 (15.20%), while minimum in PSEV3 × 

FRHW-1 (0.80%). For commercial heterosis, eight F1 

hybrids showed positive values ranging from 0.98% 

(SWAJK-1 × FRHW-3) to 7.84% (FRHW-1 × SWAJK-1) 

for grain rows per ear at CCRI. 

Regarding mid parent heterosis for grain rows per ear 

at Haripur, all the F1 hybrids revealed positive heterosis 

varying from 0.26% (PSEV3 × FRHW-2) to 21.11% 

(SWAJK-1 × FRHW-1) (Table 4). Three other F1 hybrids 

such as, FRHW-2 × PSEV3, FRHW-1 × PSEV3 and 

FRHW-1 × SWAJK-1 also followed with values of 

15.76%, 15.73% and 15.58%, respectively. For better 

parent heterosis, 19 F1 hybrids revealed positive 

heterobeltiosis ranging from 1.52% (PSEV3 × FRHW-3) 

to 16.43% (SWAJK-1 × FRHW-1). Three other F1 

hybrids i.e., FRHW-1 × PSEV3 (13.61%), FRHW-1 × 

SWAJK-1 (11.11%) and PSEV3 × FRHW-1 (10.47%) 

also exhibited high percentages of better parent heterosis 

for said trait. In economic heterosis for grain rows per ear, 

F1 hybrid SWAJK-1 × FRHW-1 (19.01%) revealed 

maximum heterotic effects, followed by FRHW-1 × 

SWAJK-1 (13.58%), FRHW-3 × SWAJK-1 (12.59%) and 

SWAJK-1 × FRHW-3 (11.60%) while minimum by 

FRHW-2 × FRHW-3 (2.22%). Nineteen F1 hybrids were 

found superior than commercial hybrid for grain rows per 

ear, and maximum grain rows per ear were recorded in F1 

hybrid SWAJK-1 × FRHW-1 (22.65%) followed by three 

other hybrids FRHW-1 × SWAJK-1 (17.05%), FRHW-3 

× SWAJK-1 (16.03%) and SWAJK-1 × FRHW-3 

(15.01%). Minimum commercial heterosis for grain rows 

per ear was recorded in F1 hybrid PSEV3 × FRHW-3 

(2.29%) at Haripur. 
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For grain rows per ear at Mansehra, all the F1 hybrids 
had positive mid parent heterotic values (Table 4). Mid 
parent heterosis was ranging from 1.22% (FRHW-2 × 
FRHW-3) to 27.89% (FRHW-1 × SWAJK-1). However, 
high mid parent heterotic values of 27.32, 26.92 and 20.00% 
were also exhibited by three F1 hybrids i.e., PSEV3 × 
SWAJK-1, FRHW-1 × PSEV3 and SWAJK-1 × FRHW-1, 
respectively. Regarding better parent heterosis, the heterotic 
effects ranged from 0.96% (FRHW-2 × FRHW-1) to 27.23% 
(FRHW-1 × SWAJK-1) for grain rows per ear. Latter best 
hybrid was also followed by three other F1 hybrids viz., 
FRHW-1 × PSEV3, PSEV3 × SWAJK-1 and SWAJK-1 × 
FRHW-1 with heterotic values of 22.22, 21.99, and 19.37%, 
respectively. In economic heterosis for grain rows per ear, 15 
F1 hybrids showed positive values ranging from 1.18% 
(FRHW-1 × FRHW-3) to 14.89% (SWAJK-1 × FRHW-2). 
For commercial heterosis, all the F1 hybrids exhibited 
significant positive values for grain rows per ear, ranging 
from 3.70% (FRHW-3 × PSEV3) to 28.57% (FRHW-1 × 
SWAJK-1). Latter best hybrid was followed by four other F1 
hybrids i.e., PSEV3 × SWAJK-1 (23.28%), FRHW-1 × 
PSEV3 (22.22%), FRHW-2 × PSEV3 (19.58%) and 
SWAJK-1 × FRHW-3 (19.58%) at Mansehra. 

At Swat for grain rows per ear, all the F1 hybrids 
showed significant positive mid-parent heterotic effects 
ranging from 6.77% (PSEV3 × SWAJK-1) to 54.09% 
(PSEV3 × FRHW-2) (Table 4). Latter hybrid was followed 
by three other F1 hybrids FRHW-2 × PSEV3, SWAJK-1 × 
FRHW-2 and FRHW-2 × SWAJK-1 with values of 44.03, 
33.33 and 25.29%, respectively. Better parent heterotic 
effects were recorded in 19 F1 hybrids for grain rows per 
ear at Swat, and hybrid PSEV3 × FRHW-2 showed 
maximum high parent heterosis (38.42%), followed by 
FRHW-2 × PSEV3 (29.38%), PSEV3 × FRHW-3 
(19.44%) and SWAJK-1 × FRHW-1 (18.84%) while 
PSEV3 × SWAJK-1 showed least better parent heterosis 
(0.49%). In economic heterosis, 14 F1 hybrids exhibited 
positive values ranging from 1.59% (FRHW-2 × FRHW-3 
and FRHW-2 × FRHW-1) to 30.16% (SWAJK-1 × 
FRHW-1). Latter F1 hybrid was followed by three other F1 
hybrids i.e., PSEV3 × FRHW-2 (20.10%), SWAJK-1 × 
FRHW-2 (13.73%) and FRHW-2 × PSEV3 (12.25%). For 
commercial heterosis, all the F1 hybrid revealed positive 
heterotic effects and maximum grain rows per ear were 
exhibited by F1 hybrid SWAJK-1 × FRHW-1 (30.16) 
followed by PSEV3 × FRHW-2 (29.63%), SWAJK-1 × 
FRHW-2 (22.75%), FRHW-1 × SWAJK-1 (21.69%) and 
FRHW-2 × PSEV3 (21.16%) while minimum and same 
heterotic value (1.59%) was observed in two F1 hybrids 
FRHW-2 × FRHW-3 and FRHW-2 × FRHW-1 at Swat. 

All the 20 F1 hybrids for mid parent, 13, 19, 17 and 

19 for high parent, 15, 18, 15 and 14 for economic parent 

and 8, 19, 20 and 20 F1 hybrids for commercial heterosis 

at CCRI, Haripur, Mansehra and Swat, respectively 

exhibited positive values for grain rows per ear. Present 

results for mid, better and commercial heterosis were in 

conformity with past findings as reported significant and 

varying magnitudes of heterosis in maize F1 hybrids for 

grain rows per ear at diverse locations (Ali et al., 2014; 

Kumar et al., 2014; Shah et al., 2014). Significant 

positive heterosis was observed in F1 hybrids for grain 

rows per ear and other yield related traits in maize at 

diverse locations (Bekele & Rao, 2013; Singh & Gupta, 

2009; Matin et al., 2016). 

1000-grain weight: At CCRI, all the F1 hybrids showed 
significant positive mid and better parents heterosis and 
heterobeltiosis for 1000-grain weight (Table 5). The F1 
hybrid FRHW-3 × FRHW-2 revealed highest values of 
64.71% and 47.37% over their mid and better parental 
inbred lines, respectively. Similarly the F1 hybrid FRHW-
1 × SWAJK-1 manifested the lowest values for mid 
parent (18.03%) and better parent (9.09%) heterosis for 
1000-grain weight. Three other F1 hybrids i.e., FRHW-3 × 
PSEV3 (63.16%), PSEV3 × FRHW-3 (56.14%) and 
FRHW-3 × FRHW-1 (54.46%) showed mid parent 
heterosis. F1 hybrids PSEV3 × FRHW-1 (37.68%), 
FRHW-3 × FRHW-1 (36.84%) and FRHW-2 × FRHW-3 
(36.84%) revealed better parent heterosis for 1000-grain 
weight. Two F1 hybrids showed positive but similar 
values for economic as well as commercial heterosis i.e., 
PSEV3 × FRHW-1 (2.15%) and SWAJK-1 × PSEV3 
(1.08%) for 1000-grain weight at CCRI. 

For 1000-grain weight, all the F1 hybrids revealed 
significant positive heterosis and heterobeltiosis at 
Haripur (Table 5). Mid parent heterotic effects varied 

from 61.49% (SWAJK-1 × FRHW-3) to 126.60% 
(FRHW-2 × FRHW-1), while 32.91% (FRHW-1 × 
SWAJK-1) to 95.65% (PSEV3 × SWAJK-1) for better 
parent. Three other F1 hybrids i.e., FRHW-1 × FRHW-2 
(115.96%), PSEV3 × FRHW-1 (10.13%) and SWAJK-1 
× PSEV3 (103.31%) for mid parent and three SWAJK-1 

× PSEV3 (94.30%), FRHW-2 × FRHW-1 (7.50%) and 
FRHW-3 × PSEV3 (74.31%) for high parent heterosis 
also revealed high heterotic effects for 1000-grain weight. 
In light of economic heterosis, four F1 hybrids manifested 
positive values in which two were significant and varied 
from 2.47% (FRHW-3 × SWAJK-1) to 26.34% (SWAJK-

1 × PSEV3) for 1000-grain weight. Four F1 hybrids 
displayed positive values for commercial heterosis in 
which two reached to the significance level and ranging 
from 0.48% (FRHW-3 × SWAJK-1) to 23.89% (SWAJK-
1 × PSEV3) for 1000-grain weight at Haripur. 

At Mansehra, heterosis and heterobeltiosis for 1000-

grain weight revealed positive effects for all the F1 
hybrids (Table 5). For mid parent heterosis, all the F1 
hybrids reached the significance level, while in case of 
better parent heterosis, 17 F1 hybrids showed significant 
positive values. F1 hybrid FRHW-3 × PSEV3 displayed 
the highest percentage (70.86%) of mid parent heterosis, 

followed by F1 hybrids FRHW-2 × FRHW-1, SWAJK-1 
× FRHW-3 and FRHW-2 × FRHW-3 with heterotic 
values of 66.67%, 66.67% and 60.32%, respectively for 
1000-grain weight. F1 hybrid PSEV3 × FRHW-1 revealed 
the lowest value (22.70%) for mid parent heterosis. For 
better parent heterosis, the F1 hybrid FRHW-2 × FRHW-1 

(66.67%) exhibited highest value while PSEV3 × FRHW-
1 (6.38%) showed lowest percentage. Three other F1 
hybrids i.e., FRHW-1 × FRHW-2 (50.72%), FRHW-2 × 
FRHW-3 (46.38%) and FRHW-3 × FRHW-2 (39.13%) 
for better parents, also manifested values of high 
magnitudes for 1000-grain weight. For economic 

heterosis, four F1 hybrids revealed positive values, and 
highest value (4.88%) is revealed by FRHW-3 × PSEV3, 
while lowest value (1.63%) by SWAJK-1 × FRHW-3 for 
1000-grain weight. For commercial heterosis, none of the 
F1 hybrids manifested positive values for 1000-grain 
weight at Mansehra. 
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For 1000-grain weight, at Swat, mid parent heterosis 

was significant positive for all the F1 hybrids ranging 

from 19.25% (SWAJK-1 × FRHW-3) to 71.00% 

(FRHW-3 × FRHW-2) (Table 5). Latter promising F1 

hybrid was followed by three other F1 hybrids i.e., 

FRHW-2 × FRHW-1 (64.58%), FRHW-2 × FRHW-3 

(63.00%) andFRHW-1 × FRHW-2 (53.13%). In case of 

better parent heterosis for 1000-grain weight, 17 F1 

hybrids manifested positive values in which 12 reached 

at significance level, and ranged from 0.57% (PSEV3 × 

FRHW-2) to 62.86% (FRHW-3 × FRHW-2). Latter 

promising F1 hybrid was followed by three other F1 

hybrids i.e., FRHW-2 × FRHW-3, FRHW-2 × FRHW-1 

and FRHW-1 × FRHW-2 with heterotic values of 55.24, 

50.48 and 40.00%, respectively. In economic heterosis 

for 1000-grain weight, nine F1 hybrids showed positive 

values in which four were significant and F1 hybrid 

SWAJK-1 × PSEV3 (24.29%) revealed highest value for 

economic heterosis followed by FRHW-2 × PSEV3 

(16.95%) and PSEV3 × SWAJK-1 (16.38%). Minimum 

value for economic heterosis (0.56%) was observed in F1 

hybrid FRHW-3 × PSEV3. For commercial heterosis, 

five F1 hybrids depicted positive values in which two 

achieved significance and varying from 0.53 (PSEV3 × 

FRHW-3) to 15.79% (SWAJK-1 × PSEV3) for 1000-

grain weight at Swat. 

Mostly significant positive mid and better parent 

heterotic effects were recorded for 1000-grain weight at 

all the locations. For economic and commercial 

heterosis, two each at CCRI, four each at Haripur, four 

and zero at Mansehra and nine and five F1 hybrids at 

Swat, respectively were superior for 1000-grain weight 

against their respective checks. Regarding mid and 

better parent heterosis, varying level of heterosis for 

grain weight was also advocated in maize F1 hybrids 

studied at diverse locations (Abuali et al., 2012; Aghaei 

et al., 2012; Amanullah et al., 2011; Suba et al., 2001). 

Whereas, Kumar et al., (2014), Ali et al., (2014), Bekele 

& Rao (2013) and Singh et al., (2013) also recorded 

positive heterosis over mid, better and commercial 

parent for 1000-grain weight in maize F1 populations. 

Previous studies on heterosis indicated the expression of 

standard heterosis and heterobeltiosis in numerous maize 

hybrids for majority of the traits including 1000-grain 

weight in both desirable and undesirable direction 

(Sharma et al., 2017). 
 

Grain yield (kg ha-1): For grain yield at CCRI, all the F1 

hybrids manifested significant positive mid and better 

parent heterosis (Table 6). Mid parent heterosis was 

ranging from 37.95% (PSEV3 × SWAJK-1) to 144.25% 

(PSEV3 × FRHW-1). Latter promising F1 hybrid was 

followed by four other high yielding hybrids PSEV3 × 

FRHW-3 (131.78%), FRHW-3 × PSEV3 (118.60%), 

FRHW-2 × PSEV3 (103.32%) and FRHW-1 × FRHW-3 

(100.35%). For better parent heterosis, F1 hybrid PSEV3 

× FRHW-1 (122.32%) exhibited significant positive 

heterotic effects for grain yield, followed by four other 

high yielding F1 hybrids PSEV3 × FRHW-3 (120.89%), 

FRHW-3 × PSEV3 (108.32%), FRHW-2 × PSEV3 

(93.03%) and FRHW-1 × FRHW-3 (90.89%). For 

economic heterosis, 12 F1 hybrids revealed positive 

values, in which 11 achieved significance for grain yield 

and maximum grain yield was recorded in F1 hybrid 

PSEV3 × FRHW-1 (25.63%), followed by three hybrids 

PSEV3 × FRHW-3 (24.82%), FRHW-2 × PSEV3 

(21.36%) and SWAJK-1 × FRHW-2 (19.94%). Minimum 

heterotic value of 5.74% was recorded in F1 hybrid 

PSEV3 × FRHW-2. In case of commercial heterosis, none 

of the F1 hybrids out yielded the commercial check hybrid 

in grain yield at CCRI. 

All the F1 hybrids revealed significant positive 

heterosis over mid and better parents at Haripur (Table 

6). Highest mid parent heterotic performance (197.40%) 

was observed in F1 hybrid FRHW-2 × FRHW-1 while 

minimum (42.29%) in SWAJK-1 × FRHW-3. Former 

promising F1 hybrid was followed by five other high 

yielding hybrids i.e., FRHW-2 × FRHW-3 (162.19%), 

SWAJK-1 × FRHW-1 (160.08%), PSEV3 × FRHW-1 

(159.46%), FRHW-1 × FRHW-2 (147.51%) and FRHW-

2 × PSEV3 (147.411%). In better parent heterosis for 

grain yield, the range was 28.49% (SWAJK-1 × FRHW-

3) to 173.87% (FRHW-2 × FRHW-1) and latter hybrid 

was followed by three other F1 hybrids i.e., FRHW-1 × 

FRHW-2 (127.97%), FRHW-2 × FRHW-3 (99.47%) and 

PSEV3 × FRHW-1 (97.05%). For economic heterosis, 

two F1 hybrids i.e., SWAJK-1 × FRHW-1 (12.24%) and 

PSEV3 × FRHW-1 (9.17%) exhibited significant 

positive values and proved to be high yielding than 

check cultivar (Jalal). For commercial heterosis, none of 

the F1 hybrids exhibited positive heterotic value for 

grain yield at Haripur. 

At Mansehra, all the F1 hybrids manifested 

significant positive effects for mid and better parent 

heterosis for grain yield (Table 6). Maximum mid parent 

heterosis was recorded in PSEV3 × SWAJK-1 

(197.66%) while minimum in FRHW-1 × FRHW-2 

(55.93%). Four other F1 hybrids i.e., FRHW-1 × FRHW-

2, FRHW-1 × SWAJK-1, SWAJK-1 × PSEV3 and 

FRHW-3 × PSEV3 also followed and revealed desirable 

mid parent heterosis of 175.56, 175.02, 145.82 and 

141.28%, respectively. In better parent heterosis for 

grain yield, the range was 41.55% (FRHW-1 × FRHW-

2) to 150.79% (FRHW-1 × SWAJK-1) and latter 

promising F1 hybrid was followed by three other high 

yielding F1 hybrids i.e., FRHW-1 × FRHW-2 

(138.40%), PSEV3 × SWAJK-1 (138.38%) and 

SWAJK-1 × FRHW-3 (120.90%). In case of economic 

heterosis, eight F1 hybrids revealed positive heterotic 

values in which six gain significance and ranging from 

0.65% (FRHW-2 × FRHW-3) to 34.05% (FRHW-1 × 

SWAJK-1). In commercial heterosis for grain yield, nine 

F1 hybrids revealed positive heterotic values, in which 

six achieved significance for grain yield and varying 

from 1.21% (SWAJK-1 × FRHW-2) to 36.99% (FRHW-

1 × SWAJK-1). The latter high yielding F1 hybrid was 

also followed by two other F1 hybrids i.e., PSEV3 × 

SWAJK-1 (30.21%) and SWAJK-1 × FRHW-3 

(20.66%) for grain yield at Mansehra. 
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At Swat, all the F1 hybrids exhibited significant 
positive mid and better parent heterosis for grain yield 
(Table 6). Mid parent heterosis was varying from 54.10% 
(FRHW-1 × PSEV3) to 151.25 (FRHW-2 × FRHW-3). 
Latter promising F1 hybrid was followed by four other F1 
hybrids FRHW-1 × FRHW-3 (123.56%), FRHW-3 × 

PSEV3 (116.27%) and FRHW-1 × SWAJK-1 (114.03%). 
In case of better parent heterosis for grain yield, the range 
was 35.36% (FRHW-3 × SWAJK-1) to 133.82% (FRHW-
2 × FRHW-3) and latter high yielding F1 hybrid was 
followed by three other F1 hybrids i.e., FRHW-3 × FRHW-
2 (97.42%), FRHW-1 × FRHW-3 (94.82%) and FRHW-1 

× SWAJK-1 (89.61%). In economic heterosis for grain 
yield, eight F1 hybrids showed positive values, in which 
five were significant. Maximum economic heterosis was 
recorded in F1 hybrid FRHW-1 × SWAJK-1 (24.33%), 
followed by PSEV3 × SWAJK-1 (16.10%) and SWAJK-1 
× FRHW-1 (9.49%) while minimum in FRHW-1 × 

FRHW-2 (1.82%). Significant positive commercial 
heterosis was observed in two F1 hybrids i.e., FRHW-1 × 
SWAJK-1 (12.98%) and PSEV3 × SWAJK-1 (5.50%) for 
grain yield at Swat. 

Regarding mid and better parent heterosis, all the F1 
hybrids surpassed mid and better parent inbred lines for 
grain yield. However, twelve, two, eight and eight F1 
hybrids at CCRI, Haripur, Mansehra and Swat, respectively 
out yielded the check OPV in grain yield. For commercial 
heterosis, nine and two F1 hybrids at Mansehra and Swat, 
respectively showed positive values, while at CCRI and 
Haripur all the F1 hybrids showed negative heterotic 
effects. Corroborating results for grain yield indicating 
heterotic effects of varying magnitudes in different cross 
combinations of maize F1 hybrids have been reported 
(Springer & Stupar, 2007; Abdel-Moneam et al., 2009; 
Amanullah et al., 2011; Ikramullah et al., 2011; Abuali et 
al., 2012; Ali et al., 2013; Singh, 2015). Previous studies 
revealed that one-third of the populations exhibited better 
performance for grain yield, and mid-parent heterosis in the 
appropriate mega-environment and possessed great 
potential for further improvement and utilization in maize 
(Zhang et al., 2017). Commercial positive heterosis in 
various maize F1 hybrids studied in diverse environments 
was also confirmed by Amiruzzaman et al., (2010), Singh 
et al., (2012), Izhar & Chakraborty (2013), Nethra et al., 
(2013) and Rajesh et al., (2014). Similarly, different levels 
of mid, better and commercial heterosis were also reported 
in maize F1 hybrids for grain yield in the past studies 
(Singh et al., 2013; Kumar et al., 2014; Ali et al., 2014). 

In majority of the crops, heterosis works as a vital tool 

for improvement in production of F1 hybrids. Therefore, in 

production of best F1 hybrids, it is crucial to have 

comprehensive evidences about the desired parental 

combiners in breeding program that can bare a high degree 

heterotic response. An intensive research work have been 

conducted on heterosis in many crops, but so for the causes 

which contribute to heterosis are not too much clear (Coors 

& Pandey, 1999). In spite of this deficiency of 

understanding, breeders throughout the world have 

effectively utilized heterosis to increase the vigor and 

productivity of many domesticated crop species (Springer 

& Stupar, 2007). An increase in yield by 15% per year has 

been recorded by use of heterosis in F1 hybrids (Duvick, 

1999). Therefore, the present findings could better help and 

guide the plant breeders in recommending maize genotypes 

for some specific areas, and to use the tested breeding 

material in future breeding program so as to develop high 

yielding maize cultivars and hybrids. 

 

Conclusion 
 

Large number of the F1 hybrids revealed significant 
positive heterotic effects for grain yield and most of the 
yield contributing traits at Swat followed by Mansehra, 
Haripur and CCRI. For grain yield, maximum mid-, better 
parent and economic heterotic effects were manifested by 
F1 hybrids PSEV3 × FRHW-1 at CCRI, FRHW-2 × 
FRHW-1 for mid and better parents, and SWAJK-1 × 
FRHW-1 for economic heterosis at Haripur. At Mansehra, 
the promising F1 hybrids were PSEV3 × SWAJK-1 and 
FRHW-1 × SWAJK-1 for grain yield. For grain yield at 
other locations, the F1 hybrid FRHW-2 × FRHW-3 for 
mid and better parents at Swat, and FRHW-1 × SWAJK-1 
exhibited maximum economic and commercial heterotic 
effects at Mansehra and Swat. 
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