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ABSTRACT 

 
Analysis of variance showed that the genotypic differences for plant height, ear height, days to tasseling, days to 

silking, ear length, number of grain rows per ear, number of grains per row, 100 grain weight and grain yield per plant 

characters were highly significant. The phenomenon of heterosis occurred in varying degree in almost all process for 

the characters under study. Maximum heterosis percentage was observed for grain  yield per plant (82-109 %).  

Inbreeding depression was exhibited to varying degree in almost all the crosses for different characters. Over 

dominance type of gene action was present in all the traits. 

 

Key words:  Zea mays, heterosis, inbreeding depression, over dominance. 

 

INTRODUCTION 

 

Heterosis and inbreeding depression are genetic phenomenon of immense importance in practical plant breeding 

and are used in all fields of genetic research. Hybrid vigour is a quantitative measure of superiority of a hybrid over 

its parents. The expression of heterosis depends upon the level of dominance controlling the traits (Falconer and 

Mackay, 1996). Geetha (2001) reported high heterosis over better parent for yield and its components in 90 maize 

hybrids derived from 10 x 10 diallel crossed. The hybrid exhibited maximum heterosis for grain yield per plant 

followed by cob weight and number of grain rows per cob. The highest value of heterosis over better parent 

(97.45%) was recorded fro grain yield per plant. Dickert and Tracy (2002) conducted heterosis and combining 

ability studies by crossing six open pollinated varieties of sweet corn and found significant relatively high mid 

parent heterosis for 100 grain weight (10.0%), ear length (12.9 %), ear height (8.6%) and plant height (9.0%). None 

of the hybrid was earlier than the earliest parent due to very small magnitude of heterosis for silking trait. High 

heterotic effect was observed for plant height, grains per row, 100 grain weight and grain yield from diallel crosses 

among nine genetically diverse maize inbred lines (Malik et al 2004). Uzarowska et al. (2007) observed substantial 

mid parent heterosis ranging from 37.9 % to 56.4 % in the field and 11.1 to 39.5 % under controlled green house 

conditions for plant height four inbred lines and their F1 crosses both at the phenotype and transcriptone levels. 

Micro array results revealed that more than 50% genes showed over dominance,         26% partial dominance, 12.6 

% complete dominance and 10.2 % additive gene action.  

Inbreeding depression for any characteristics resulted from the difference between expressed and total load, 

where the express load is defined under random mating and total load includes or hidden by heterozygosis and 

revealed by self pollination (Lima et al 1984). Pacheco et al (2002) evaluated 28 maize population regarding yield 

of populations from S0 to S1 (mean of 10 environment) and found that inbreeding depression varied from 34.6 % to 

59.2 % with an average of 49.1 %. Inbreeding depression was greater in populations with a wider genetic base, 

which have never been exposed to inbreeding.  

 

MATERIALS AND METHODS 

 

The experimental material comprised of six maize inbred lines viz., FR-37, NYP-8, NYP-8-1, NCQPM-1, 

NCQPM-2 and NCQPM-4. Seed of hybrid generation i.e., F1 and F2 along with parents were planted in a triplicate 

randomized complete block design in the research area of maize, sorghum and Pearl millet programme, National 

Agricultural Research Centre, Islamabad (33.4
o
 N and 73

o 
E).  A single row for parental line and F1 hybrids and four 

for F2 generations were planted in each replication. The length of each row was five meter with row to row and plant 

to plant distances as 75 cm and 25 cm, respectively. Dose of fertilizer NPK @ 206 Kg N, 85 Kg P and 62 Kg K per 

hectare were applied in the field to meet the nutritional requirements of the crop. Furadan insecticide @ 20 Kg per 

hectare at the time of sowing and six weeks after sowing was applied to save the crop from borer attack.  

Data were collected for plant height, ear height, days to tasseling, days to silking, ear length, number of grains 

rows per ear, number of grains per row, 100 grain weight and grain yield per plant. Observations were taken on ten 

plants in F1 and parents each and seventy plants in F2 progenies in each repeat. Analysis of variance was conducted 

for individual cross of each character following the method of Steel and Torrie (1980), to establish significant 

differences among different generations. Heterosis in F1 was estimated using the formula given by Singh (2003)  

HF1 = (F1-MP) / MP X 100.   
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Where, F1  = mean value of F1  and  MP = mid parent value  

 

Dominance estimates were determined for each trait using potence ratio method proposed by Griffing (1950).    

hp = (F1 – MP) / P –MP).   

Where,  hp = the dominance estimates which measures the degree of dominance of each trait, F1  = mean value of F1 ,  

MP = mid parent value and P = the mean of the better parent. 

Inbreeding depression was measured by following Singh (2003).  

Inbreeding depression  (ID) = F1 – F2 / F1 X 100  

The significance of heterosis  and inbreeding depression was tested according to method described by Singh and 

Narayanan (2000).  

 

RESULTS AND DISCUSSION 

 

 Heterosis refers to the percentage increase of F1 over the parental means whereas the inbreeding is the reduction 

of F1 in succeeding generation i.e. F2. The estimates of heterosis and inbreeding depression together provide 

information about the types of gene action involved in the expression of various quantitative traits (Singh and 

Narryana, 2000). Exploitation of heterosis in maize is very common and useful practice in order to develop high 

yielding varieties through hybridization. Value of inbred line and hybrid variety depends upon the magnitude of 

heterosis being expressed in the next generation. Analysis of variance was applied separately for each cross to 

determine the significance of generation’s effects on plant height, ear height days to tassling and grain yield per 

plant which manifested highly significant differences (P < 0.01) among parents, F1 and F2 hybrids.  

 

PLANT HEIGHT 

 The magnitude of heterosis presented in Table 1 varied from cross to cross. A positive and significant heterosis 

for plant height is evident in all the crosses. The highest percentage of heterosis (59.18%) was noted in NCQPM-2 X  

NCQPM-1 cross followed by NYP-8 -1 X     FR-37 (54.37%).The lowest  heterosis was observed  by cross 

combination NCQPM-2 X   NYP-8 (21.04%). Heterosis for plant height was observed by a number of workers 

(Vasal et al., 1994, Malik et al., 2004 and Uzarowska et al., 2007). The estimates of inbreeding depression were also 

significant and ranged from 12.04 to 22.97%. Similarly, calculated potence ratio suggested over dominance type of 

gene action responsible for the expression of plant height. 

 

DAYS TO TASSSELING 

Table 1 indicated the narrow range of positive significant heterosis in all the crosses under study. The highest 

value of mid parent heterosis (7.26%) was observed in cross NCQPM-4 x NCQPM-1 while the lowest 2.62% 

heterosis was noted in cross combination NCQPM-2 x     FR-37. Similar trend was observed for inbreeding 

depression whose values ranged from 3.41% to 6.23% in all the crosses. Over dominance type of gene effects was 

noted for days to tasseling in all the crosses except NYP-8-1 x NCQPM-1 cross combination in which the 

dominance value was positive but of low magnitude (0.01). 

 

DAYS TO SILKING 

The estimates of heterosis, inbreeding depression and dominance estimates in the form of potence ratio are 

presented in Table 1, 2 and 3, respectively. The results indicated significant and positive mid parent heterosis. The 

maximum heterosis over mid parent i.e. 9.0% was found in cross combination NYP-8 x NCQPM-4 whereas the 

minimum value of 2.65% was exhibited by NCQPM-2 x NYP-8-1. Heterosis for days to silking was reported by 

Vasal et al. (1994) while Dickert and Tracy (2002) did not observed heterotic effects for the same. Magnitudes of 

inbreeding depression were close but statistically significant in all the crosses. The highest inbreeding depression 

6.91% was noted for NYP-8 x NCQPM-4 whereas cross  FR-37 x NCQPM-1 showed the minimum inbreeding 

depression (3.48%). The results of the present study also pointed out that days to silking were under the control of 

over dominance types of gene action due to high values of potence ratio in all the crosses.  

 

EAR HEIGHT 

Significant positive mid parent heterosis varied from 20.76% to 56.78%. Similarly, significant values for 

inbreeding depression were observed for all the crosses. High inbreeding depression 26.25% and lowest value 

15.33% were noted for crosses NCQPM-2 x FR37 and FR37 x NCQPM-4, respectively. Dickert and Tracy (2002) 

also reported high heterosis for ear height. Positive heterosis accompanied by inbreeding depression indicates the 

presence of non-additive gene action for ear height suggesting the usefulness of selection in first generation hybrids. 

Dominance estimates in the form of potence ratio presented in Table 3 revealed that the over dominance type of 

gene action is controlling the inheritance of the same. 
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EAR LENGTH 

Ear length is an important character in 

maize which contributes significantly 

towards grain yield. Mid parent heterosis 

values presented in Table 1 revealed 

significant and positive heterosis in all 

cross combinations. The higher heterotic 

effects (43.93 and 42.24%) were observed 

in cross combinations NCQPM-2 x 

NCQPM-1 and by NCQPM-2 x NYP-8-1, 

respectively. The minimum mid parent 

heterosis 18.54% was recorded in cross 

combination NYP-8-1 x NCQPM-4. High 

heterosis for the trait in the present study 

is in agreement with Dickert and Tracy 

(2002). Review of Table 2 reflected 

positive and significant inbreeding 

depression for ear length. The magnitude 

of inbreeding depression ranged from 

15.34% to 24.82% in all the crosses under 

study. Dominance estimates calculated in 

the form of potence ratio suggested that in 

present study, over dominance type of 

gene action is responsible for the 

inheritance of ear length 

 

NUMBER OF ROWS PER EAR 
Number of rows per ear is a character 

of immense importance for better yield 

potential in maize varieties. Table 1 and 2 

reflected wide range of positive and 

significance heterosis as well inbreeding 

depression for number of rows per ear in 

all the crosses. A crosses combination 

NCQPM-2 x NYP-8-1 showed maximum 

heterosis 30.64% followed by NCQPM-2 

x FR-37 (29.53%). The lowest heterotic 

effect (7.01) was noted in a cross NYP-8 x 

NCQPM-1. Heterosis for this trait in 

maize was also evidenced by Geetha et al. 

(2001) and Kara et al. (2001). The 

maximum (26.95%) and the minimum 

(7.93%) inbreeding depression were 

exhibited by cross combinations FR-37 x 

NCQPM-4 and NYP-8 x NCQPM-4, 

respectively. The results also indicated the 

presence of over dominance type of gene 

action due to the potence ratio greater than 

one in all the crosses.  

 

NUMBER OF GRAINS PER ROW 
The estimates of heterosis, inbreeding 

depression and dominance estimates in the 

form of potence ratio are summarized in 

Table 1, 2 and 3, respectively. Positive 

heterotic effects ranged from 12.19 to 

51.88%. Out of fifteen crosses, ten crosses 

manifested mid parent heterosis above 

30%. These findings are in agreement 

with Geetha et al. (2001) and Malik et al. 

(2004).   
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The results also revealed significant positive inbreeding depression among all the crosses. The maximum and 

minimum inbreeding depression for number of grains per row was found in crosses NYP-8 x NCQPM-1 and 

NCQPM-2 x NYP-8-1 respectively. Over dominance gene action was involved for the expression of number of 

grains per row due to high values of potence ratio obtained for all the crosses.  

100- GRAIN WEIGHT 
The values obtained for mid parent heterosis, inbreeding depression and potence ratio are presented in Table 1, 

2 and 3, respectively. A significant mid parent heterosis was found in all the crosses. The maximum heterosis 

(35.89%) over mid parent for 100- grain weight was noted in cross combination NCQPM-2 x NCQPM-4. Presence 

of high heterosis for 100- grain weight is in conformity with Kara et al. (2001), Dickert and Tracy (2002) and Malik 

et al. (2004).  

It is evident from Table 2 that although magnitudes of inbreeding depression were significant but these were 

also close enough to each other. The maximum inbreeding depression (8.52%) was observed in NCQPM-2 x NYP-8 

cross. Whereas NYP-8 x NCQPM-8 ranked lowest on the basis of 4.52% inbreeding depression. The dominance 

estimates calculated in the form of potence ratio suggested over dominance type of gene action controlling the 

inheritance of 100-grains weight in all crosses included in the present study.  

 

GRAIN YIELD PER PLANT 

The magnitude of heterosis based on F1 generation mean over mid parental value was significant in desired 

direction in all the crosses under study. The maximum heterosis 104.21% was noted in cross combination NCQPM-

4 x NCQPM-1 followed by crosses FR-37 x NCQPM-4 and FR-37 x NCQPM-1 (101.83% and 101 %) respectively 

(Table 2). The lowest percentage of heterosis was  83% in cross combination NYP-8 x NCQPM-1. Positive and high 

heterosis for grain yield  has also been reported by Paterniani (1968), Vasal et al. (1994), Geeta et al. (2001), Iqbal 

et al.(2001) and Malik et al. (2004). Contrary to the above workers, low heterosis was found by Beck et al. (1990), 

Vasal et al. (1992) and Rezende and Souza  (2000). 

Significant marked inbreeding depression from F1 to F2 generations were observed in all the crosses. Inbreeding 

depression for grain yield ranged from 18.10 to 37.34%. High heterosis followed by inbreeding depression indicated 

the presence of non additive gene action (dominance and epistasis). The high estimates in the form of potence ratio 

suggested the preponderance of over dominance type of gene action for the inheritance of grain yield. 
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