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ABSTRACT 

A study was undertaken to estimate the heterotic and heterobeltiotic effects in maize during 2004 and 2005 
at Agricultural Research Institute, Dera Ismail Khan, to identify combinations expressing high hybrid vigour. The 
crosses were made in 2004 and F1 hybrids along with parents were studied in 2005. Thirty F1 crosses including 
reciprocals were developed and planted along with their 6 parents. Data were recorded on days to maturity, plant 
height, ear height, kernels ear-1, 1000-grain weight and grain yield kg ha-1. The analysis of variance (Table I) 
revealed that mean squares due to progenies and parents were highly significant for all the traits. Twenty one crosses 
had positive heterosis for grain yield kg ha-1 and ranged from +0.39 % (Kisan x Jalal) to +16.86 % (Jalal x Azam) 
and two hybrids having heterobeltiosis i.e Kisan x Azam (+3.99 %) and Sarhad white x Kisan (+5.44 %). For days to 
maturity 16 F1 hybrids shown heterosis, while only one hybrid (Sadaf x Azam) enunciated heterobeltiosis ranged from 
+0.14 % (Sarhad White x Azam) to +5.39 % (Kisan x Jalal). The 19 hybrids revealed positive heterosis and 5 hybrids 
showed heterobeltiosis for plant height and ranged from +0.33 % (Sarhad White x Jalal) and (Sarhad yellow x Azam) 
to +7.60 (Azam x Kisan) and heterobeltiosis ranged from +0.38 (Sarhad x Azam) and (Sadaf x Sarhad white) hybrids 
to 2.21 % (Azam x Kisan). For ear height 13 hybrids showed positive heterosis and one hybrid showed heterobeltiosis 
and ranged from +0.80% (Jalal x Azam) to +14.69 % (Jalal x Kisan) and from +4.83% (Sarhad white x Sadaf). 
Heterotic and heterobeltiotic ranged from +0.06% (Sarhad White x Jalal) to +19.92% (Azam x Sadaf) and +0.29% 
(Sarhad yellow x Jalal) to +7.38% (Azam x Sadaf) for kernels ear-,1 respectively. The heterosis and heterobeltiosis for 
1000 seed weight was 12.92% (Azam x Sarhad white) and 4.57 % (Sarhad white x Sarhad Yellow).  
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INTRODUCTION 

Heterosis works as a basic tool for improved production of crops in the form of F1 hybrids. Plant 
breeders have widely exploited and used heterosis in boosting up yield of many crops.  Therefore, the heterotic 
studies can provide the basis for the exploitation of valuable hybrid combinations in the future breeding 
programmes and their commercial utilization. Hybrid maize production has been successfully used by the 
grower in each area. The presence of sufficient hybrid vigour is an important prerequisite for successful 
production of hybrid varieties. Several research workers have reported occurrence of heterosis in considerable 
quantities for grain yield and its various components in various F1 maize populations. Tollenaar et al. (2004) 
estimated heterosis in maize hybrids and their parental inbred lines for grain yield and its components and 
reported heterosis 167% for grain yield and 85% for other traits, while 53% for harvest index. Muraya et al. 
(2006) conducted experiment for heterosis and inheritance of plant height, ear height, leaves plant-1, cob length, 
lines cob, seeds line-1, 100-grain weight and grain yield. Most of traits had a positive and significant (P ≤0.01) 
heterosis. Ji et al. (2006) estimated heterosis for plant and ear height in maize. Average heterosis for the plant 
and ear heights were 33.3% and 61.9%, respectively. Meseka et al. (2006) reported heterosis for grain yield 
ranged 129% to114%.  Revilla et al. (2006c) heterosis yield was 6.1 t ha-1; for yield was 22.0%, ranging from 
12.2% to 51.9%.  Devi et al. (2007) reported heterosis for yield ,plant height, ear height, ear length, kernel rows 
ear-1, kernels row-1, 100 kernel weight and grain yield. Alam et al. (2008) estimated heterosis and combining 
ability for grain yield and its contributing characters in diallel cross in maize. The highest percentage of 
heterosis for grain ear-1 over MP and BP were observed. Heterotic effects of varying degrees in different crosses 
of maize grain yield and other traits i.e maturity, plant height, ear height, kernels ear-1, 1000-grain weight and 
grain yield kg ha-1 have also been reported by Katna et al. (2005), Makumbi (2005a), Soengas et al. (2006), 
Appunu et al. (2007), Frascaroli et al. (2007), Ojo (2007).The hybrid must be superior both quantitatively as 
well as qualitatively. Therefore, the present studies were undertaken to estimate the heterosis and heterobeltiosis 
effects in maize. 

MATERIALS AND METHODS 

The study was carried out during 2004 and 2005 at Agricultural Research Institute, D.I. Khan, 
Pakistan. Thirty F1 crosses were made adopting diallel fashion, involving six maize varieties during July 2004 
and their F1 crosses along with the parents were planted in the field next year during 2005 in a randomized 
complete block design with four replications. Plots size of 4 rows of 5 meters length while plant to plant and 
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row to row distances were 25 and 75 cm, respectively. All agronomic practices were kept constant foe whole of 
the experiment. At maturity ten guarded plants were selected at randomly from each treatment plot for recording 
the data on days to maturity, plant height, ear height, 1000-grain weight, kernels ear-1 and grain yield kg ha-1. 
The means were computed for statistical analysis using the analysis of variance technique to determine 
significant differences among genotypes for the traits.  

Heterosis is the amount by which a hybrid exceeds its mid parent value or its better parent 
(heterobeltiosis). The term heterobeltiosis coined by Fonseca (1965), was also estimated in terms of percent 
increase or decrease of the F1 hybrid over its better parent. In the present study both Heterosis and 
heterobeltiosis were determined as percent increase (+) or decrease (-) of F1 over mid parent (F1-MP/MP x 100) 
parent as well as over better (F1-BP/BP x 100) parent respectively. The statistical significance of heterosis and 
heterobeltiosis was assessed by ‘t’ test according to Wynne et al. (1970) as under. 

     T = F1ij-MPij / √3/8 EMS 
Where Fij = The F1 hybrid value of ith and jth parents 
   MPij = Mid parent value of ith and jth parents 
   EMS = Error mean square for the respective traits 
Table-I   Estimation of mean squares and F.ratios at 35 & 105 D.F. for analysis of variance for different yield and  other traits 

of Maize in F1. 
Mean Square Parameters 

Rep Genotypes Error 
F. Ratio C.V % 

Days to maturity 6.148 45.611 3.362 13.56** 1.992054 
Plant Height 39.19 166.56 17.23 9.66** 2.20409 
Ear height 44.82 291.53 25.52 11.42** 4.89377 
Kernels ear-1 251 3090 1218 2.54** 8.60296 
1000 grain weight 147.2 2259.8 93.5 24.18** 3.25505 
Grain yield kg ha-1 435715 1667038 230737 7.22** 8.37903 

** Significant at P< 0.01 

RESULTS AND DISCUSSION 

The analysis of variance (Table I) revealed that mean squares due to progenies and parents were highly 
significant for all the traits, indicating that considerable genetic variability for various traits existed among the 
material under study. The range of heterosis and heterobeltiosis is presented in Tables II and III, the trait wise 
discussion is presented as under: 

Days to Maturity 

The 16 F1 hybrids (Table II) showed heterosis, while only one hybrid (Sadaf x Azam) out of thirty 
crosses showed heterobeltiosis. The degree of increase in days to maturity ranged from +0.14 % (Sarhad White 
x Azam) to +5.39 % (Kisan x Jalal) and 1.93 % (Sadaf x Azam). The maximum heterosis was manifested in the 
derivatives of cultivars Kisan used either male or female parent. Out of thirty F1 crosses only one cross was 
highly significant, while two revealed merely significant heterosis. In case of heterobeltiosis none of the hybrid 
showed significant performance. These results are generally analogous to the findings of Meani and Carena 
(2005), Revilla et al. (2006), Soengas et al. (2006), Appanu et al. (2006) and Alam et al. (2008) as they reported 
varying degree of heterosis and heterobeltiosis values for days to maturity in their F1 generations. 

Plant Height 

The 19 hybrids revealed positive heterosis and 5 hybrids showed heterobeltiosis for plant height (Table 
II). The degree of increase in plant height ranged from +0.33 % (Sarhad White x Jalal) & (Sarhad yellow x 
Azam) to +7.60 (Azam x Kisan) and +0.38 (Sarhad x Azam) & (Sadaf x Sarhad white) hybrids to 2.21 % (Azam 
x Kisan). The maximum heterosis was manifested in the derivatives of cultivars Kisan used either male or 
female parent. These results are greatly supported by Myraya et al. (2006), Ji et al. (2006), Appanu et al. (2007), 
Devi et al. (2007) and Frascaroli et al. (2007) as they observed a different ratio of heterotic values for plant 
height in their F1 population.                

Ear Height 

For ear height 13 and one hybrid showed positive heterosis and heterobeltiosis (Table II). The increase 
in ear height ranged from +0.80% (Jalal x Azam) to +14.69 % (Jalal x Kisan) and the heterobeltiosis was 
+4.83% (Sarhad white x Sadaf). The cultivar Kisan gave maximum heterosis in various cross combinations 
when used either male or female parent. Out of thirty F1 crosses only three crosses were highly significant, 
while two crosses revealed merely significant heterosis. In case of heterobeltiosis only one of the hybrid 
combination showed significant performance, while thirteen hybrid showed negative values for over better 
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parent. These results are generally in accordance with the findings of Myraya et al. (2006), Ji et al. (2006) and 
Devi et al. (2007) as they obtained similar heterosis values for ear height.  

Kernels Ear-1 

Two-third crosses and their reciprocals by producing maximum kernels ear-1 (Table III) proved their 
superiority by having positive heterosis and 6 hybrids revealed heterobeltiosis. The heterotic and heterobeltiotic values 
ranged from +0.06% (Sarhad White x Jalal) to +19.92% (Azam x Sadaf) and +0.29% (Sarhad yellow x Jalal) to 
+7.38% (Azam x Sadaf), respectively. Nine crosses out of thirty crosses manifested highly significant heterosis, while 
4 hybrids exhibited merely significant heterosis. In case of heterobeltiosis 2 hybrids surpassed their better parent with 
highly significant values. Maximum heterosis was exhibited by the hybrid Azam x Sadaf (+19.92 %) and its 
reciprocal Sadaf x Azam (+7.93%) exhibited the maximum heterobeltiosis values. The present results are in 
corroboration with the findings of Tollenaar et al. (2004), Frascaroli et al. (2007) and Alam et al. (2008) who also 
observed varying levels of heterosis for kernels ear-1 in F1 studies.                

1000 Seed Weight 

Nine hybrids attained positive heterotic effect and 4 showed heterobeltiosis for 1000 grain weight (Table 
III). The range of heterosis and heterobeltiosis was recorded from +0.49 % (Kisan x Sarhad White) to +12.92 % 
(Azam x Sarhad white) and +3.57 % (Sadaf x Kisan) to 4.57 % (Sarhad white x Sarhad Yellow). It was further noticed 
that 5 hybrids showed highly significant heterosis, while two hybrids exhibited highly significant and 2 hybrids 
expressed significant heterobeltiosis over better parent. Present results are in agreement with the findings of Myraya et 
al. (2006), Ji et al. (2006) and Devi et al. (2007) who observed varying degree of heterosis for 1000 grain weight in F1 
studies.   

Grain Yield  

 In F1 generation 21 hybrids had positive heterosis for grain yield kg ha-1 and the increase ranged from 
+0.39 % (Kisan x Jalal) to +16.86 % (Jalal x Azam) and two hybrids were having heterobeltiosis i.e Kisan x 
Azam (+3.99 %) and Sarhad white x Kisan (+5.44 %) (Table III). Out of 30 hybrids nine manifested highly 
significant while 4 hybrids expressed significant heterosis. These results are generally analogous to the findings 
of Katna et al. (2005), Makumbi et a.l. (2005a), Myraya et al. (2006), Revilla et al. (2006), Meseka et al. 
(2006), Guimaraes et al. (2007), Devi et al. (2007), Frascaroli et al. (2007) and Ojo (2007) as they observed a 
different ratio of heterotic values for grain yield kg ha-1in their F1 population. 
Table-II  Heterotic and heterobeltiotic effects on various parameters 6 x 6 F1 diallel cross of Zea mays  L.in F1 generation 

Days to Maturity Plant Height Ear Height Hybrid / Parents Het % Hbt % Het % Hbt % Het % Hbt % 
Kisan x Azam 0.43 -1.40 3.77* -1.43 -1.62 -4.45 
Kisan x S. white 1.96 -1.62 3.09 -3.76 7.92* -1.38 
Kisan x S. yellow -0.71 -3.30 1.39 -2.02 1.86 -2.29 
Kisan x Jalal 5.39** -1.51 -1.48 -3.47 -10.92 -22.81 
Kisan x Sadaf 1.40 -1.89 1.65 -3.39 2.97 -3.86 
Azam x Kisan 2.13 -3.91 7.60** 2.21 0.81 -2.09 
Azam x S. white -0.69 -2.43 -0.96 -2.76 -0.37 -6.44 
Azam x S. yellow -3.60 -4.39 1.26 -0.52 -0.52 -1.79 
Azam x Jalal 0.93 -4.03 2.28 -0.91 3.78* -7.74 
Azam x Sadaf -2.34 -3.79 -1.63 -1.69 -1.88 -5.78 
S. white x Kisan 2.79 -0.81 3.23 -3.64 2.14 -6.67 
S. White x Azam 0.14 -1.62 2.24 0.38 -1.59 -7.59 
S.White x S.Yellow -0.41 -1.35 -1.95 -5.39 -1.81 -6.67 
S. white x Jalal 1.04 -2.27 0.33 -4.52 -8.21 -13.44 
S. White x Sadaf -0.27 -0.54 -4.22 -6.02 7.29** 4.83* 
S.Yellow x Kisan -3.24 -5.77 2.93 -0.53 4.26* 0.00 
S.Yellow x Azam 0.00 -0.82 0.33 -1.43 -0.26 -1.53 
S.Yellow x S. White 0.68 -0.27 -3.51 -6.90 -0.12 -5.06 
S. Yellow x Jalal 0.66 -3.53 -1.44 -2.83 -4.64 -14.26 
S.Yellow x Sadaf -0.14 -0.81 -1.99 -3.65 -2.11 -4.82 
Jalal x Kisan 4.04* -2.77 1.06 -0.97 14.69** -0.61 
Jalal x Azam 1.72 -3.27 2.83 -0.39 0.80 -10.39 
Jalal x S. White -3.13 -6.29 -0.59 -5.39 0.00 -5.70 
Jalal x S. Yellow -0.39 -4.53 0.62 -0.81 -0.57 -10.59 
Jalal x Sadaf -1.04 -4.53 -0.07 -3.13 8.39** 0.00 
Sadaf x Kisan 1.96 -1.36 5.21* 0.00 1.41 -5.30 
Sadaf x Azam 3.20* 1.63 -0.85 -0.91 -0.88 -4.81 
Sadaf x S. White -0.81 -1.08 2.30 0.38 -8.94 -11.03 
Sadaf x S. Yellow -0.14 -0.81 2.12 0.39 2.10 -0.72 
Sadaf x Jalal 0.30 -3.27 4.64* 1.43 -8.17 -15.27 
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Table-III Heterotic and heterobeltiotic effects on various parameters 6 x 6 F1 diallel cross of Zea mays L. in F1 generation 
 Kernels Ear 1000 seed weight GrainYield 
Hybrid / Parents Het % Hbt % Het % Hbt % Het % Hbt % 
Kisan x Azam -8.95 -20.99 -2.14 -11.39 4.92** 3.99* 
Kisan x S. white -2.09 -7.26 0.49 -1.82 -6.09 -8.25 
Kisan x S. yellow 9.28** 4.88** -3.02 -4.51 -12.26 -17.88 
Kisan x Jalal 2.19 0.57 -0.13 -0.85 0.39 -18.76 
Kisan x Sadaf 2.57* -1.02 -10.89 -14.36 0.55 -2.24 
Azam x Kisan -1.96 -14.92 -0.76 -10.14 -1.36 -2.23 
Azam x S. white 6.89** -2.59 12.92** 4.46** 1.40 -0.07 
Azam x S. yellow 7.81** -2.96 -13.65 -22.89 5.42** -0.52 
Azam x Jalal 4.66** -7.91 8.64** -2.27 2.12 -16.79 
Azam x Sadaf 19.92** 7.38** -0.86 -6.85 -3.88 -7.34 
S. white x Kisan 4.91** -0.62 1.97 -0.38 7.92** 5.44** 
S. White x Azam 9.19** -0.51 -15.19 -21.54 1.34 -0.13 
S.White x S.Yellow 3.81* 2.41 8.66** 4.57** 0.95 -3.39 
S. white x Jalal 0.06 -3.75 -0.75 -3.72 11.99** -7.69 
S. White x Sadaf -4.57 -6.4 -1.55 -3.18 -2.99 -7.79 
S.Yellow x Kisan -10.34 -13.95 -0.45 -1.98 2.60* -3.97 
S.Yellow x Azam 7.54** -3.21 -7.85 -17.7 -7.35 -12.56 
S.Yellow x S. White -4.63 -5.92 -4.55 -8.15 1.88 -2.49 
S. Yellow x Jalal 2.88* 0.29 4.56** 3.70* 13.83** -2.71 
S.Yellow x Sadaf -1.32 -1.89 2.92* -2.53 3.93* -5.24 
Jalal x Kisan 3.17* 1.53 -1.49 -2.19 7.64** -12.89 
Jalal x Azam 2.26 -10.02 -12.45 -21.24 16.86** -4.78 
Jalal x S. White 0.67 -3.16 -3.24 -6.14 16.32** -4.13 
Jalal x S. Yellow -4.51 -6.91 -5.68 -6.45 8.46** -7.30 
Jalal x Sadaf 1.34 -0.64 -1.78 -6.25 9.05* -13.63 
Sadaf x Kisan -1.56 -4.99 7.77** 3.57* 1.99 -0.84 
Sadaf x Azam 7.93** -3.35 -8.09 -13.64 -3.15 -6.64 
Sadaf x S. White 0.28 -1.65 -0.5 -2.15 -16.06 -20.21 
Sadaf x S. Yellow 0.52 -0.06 -0.64 -5.91 3.91* -5.25 
Sadaf x Jalal -4.51 -6.39 2.41 -2.25 -25.51 -40.99 

 

CONCLUSION AND RECOMMENDATION 

The crosses Kissan x S.Yellow,  Azam x S.White , S.White x Kissan superceded their better parents. 
Their mean value was greater for kernel ear-1, 1000-grain weightand yield.  Amongst parents Kissan and S. 
white contributed a lot toward the exposure of traits. Their behavior was observed different by altering their 
parentage (male/female). The inbred line Kissan when crossed with Jalal it took lesser days for maturity when 
comparison with other combinations. The plant height was greater in cross Sadaf x S. white when compared 
with other crosses. Hence it required further exploration that which parent is controlling or contributing to 
height character. It is up to intensions of breeder/grower to give dwarf or tall plant. Hetrobeltiosis was noted in 
different crosses. However, the percentage of hetrobeltiosis was meager. Amongst 30 crosses only 3 % show 
hetrobeltiosis for days to maturity and ear height. Plant height and kernel-1 was noted 23 % and 20 % 
respectively. As per inbred line comparison Sadaf showed better results for all traits except yield. Greater yield 
was observed in Kissan. Therefore it is suggested that Kissan and Sadaf can be included in breeding scheme to 
chalk out the inner potential of inbred line(s) for executing the result up to mark 
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