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Abstract 

This experiment was conducted at the University of Agriculture Peshawar, during spring 2015 to 

estimate genetic variability in maize genotypes for morphological and yield related traits. The 

study was laid out in randomized complete block design with three replications using 22 

genotypes comprising 20 hybrids and two local checks. Data were taken on days to tasseling, 

anthesis, silking, anthesis-silking interval, plant height, ear height, flag leaf area, cob length, 

kernel rows cob-1, 100-kernel weight and grain yield. Significant (P≤0.01) variability among the 

hybrids was found for all the traits.  Mean values for the traits ranged between 49-65(tasseling), 

52-70 (anthesis), 52-72 (silking), 0-4 (anthesis silking interval), 161.7-213.5(plant height), 53.8-

98.6(ear height), 422.4-662.5(flag leaf area), 17.2-24.5(cob length), 13.0-17.0(kernel rows cob-1), 

25.3-38.3(100-kernel weight) and 2770-7500(grain yield). Hybrid-1 performed better for yield 

and yield associated traits under the tested agro-climatic conditions. Grain yield had significant 

and positive correlation with ear length (r=0.45) and non-significant but positive correlation with 

plant height (r=0.23), ear height (r=0.41), flag leaf area (r=0.03) kernel rows per cob (r=0.05) 

and 100 kernel weight (r=0.21). The positive correlations suggested that the desired characters in 

these hybrids could be improved simultaneously in further maize breeding programs. Based on 

the result of current studies hybrid-1 could be recommended for commercial cultivation of maize 

hybrids for the agro-climatic condition of Peshawar.  

Keywords: Maize (Zea mays L.); Genetic variability; Correlation, Morphological; Yield 

Introduction   

Maize (Zea mays L.) is the third most 

important cereal crop after wheat and rice 

worldwide. Its grain is highly nutritive, with 

4-4.5% fats, 70-72% carbohydrates, oils 2-

2.8% and 9.5-11% proteins [1]. According 

to Food and Agriculture Organization 

(FAO) worldwide maize was cultivated over 

the area of 118 million hectares with an 

annual production of 600 million metric 

tons. In Pakistan, maize is the fourth major 

crop after wheat, cotton, and rice. The area 
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under maize cultivation in Pakistan was 

1168.5 thousand hectares with a production 

of 4944.2 thousand tons [2]. 

Genetic variability for different traits among 

the maize genotypes is a key factor for crop 

improvement [3]. High yielding and stable 

cultivar is the major goal of almost all 

breeding programs. Uniform performance of 

genotypes both with low and high yield 

across different maize environment is 

desirable and referred as yield stability [4]. 

The grain yield is a quantative (polygenic) 

trait in nature, controlled by many genes and 

also interacts with environmental conditions 

thus have low heritability [5]. During the 

evaluation of maize genotypes for grain 

yield comparison several agronomic traits 

are taken into consideration. Among these, 

anthesis silking interval, plant height, ear 

height, kernel rows per cob, cob length and 

cob diameter are significantly important [6]. 

In most of the maize breeding programs 

genotypes are selected on the basis of 

desirable combination of traits and not only 

its yield potential. Hence, yield 

improvement can be achieved easily through 

direct selection as well as indirect selection 

through yield component because of 

complex nature of a trait [7]. 

Evaluation of genotypes for traits is an 

important step towards the development of 

varieties or hybrids. Breeders usually 

evaluate advanced breeding material to 

select superior genotypes for generation 

advancement or possible release as new 

variety. Hence it is important to explore 

relationships among morphological and 

yield associated characters in maize hybrids 

[8].This experiment was therefore conducted 

to investigate the magnitude of genetic 

variability and trait association of various 

plant traits with grain yield in maize hybrids. 

Materials and methods 

During spring crop season 2015, a set of 

twenty maize hybrids (Table 1) along with 

two local checks were evaluated for 

morphological and yield related traits in 

Randomized Complete Block (RCB) design 

using three replications at The University of 

Agriculture, Peshawar. Each plot consisted 

of two rows. The row length was 5 m with 

0.75 m spacing between them. Fifty seeds 

were planted in each plot on 27th, March 

2015. Normal culture practices including 

tillage, hoeing, irrigation, application of 

fertilizer etc. were performed during whole 

cropping season.  

Data recorded included days to tasseling, 

anthesis and silking, anthesis-silking interval 

(ASI), plant height, ear height, flag leaf area, 

ear length, kernel rows cob-1, 100 kernel 

weight and grain yield. Data on flowering 

traits and grain yield were recorded on plot 

basis while for yield and yield components, 

the data were taken on a sample of ten 

plants.  Data recorded were subjected to 

analysis of variance (ANOVA) and 

correlation coefficients were calculated 

using computer software SPSS v. 16. Means 

comparison among the genotypes was 

carried out following LSD test at 5% level 

of probability. 
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Table 1. List of hybrids and their pedigree 

Hybrid Pedigree Hybrid Pedigree 

1 PS-36 × PSCH-14 12 PSEV-06 × PSCH-14 

2 PS-51 × PSCH-14 13 PSEV-091 × PSCH-14 

3 PS-491 × PSCH-14 14 PSEV-092 × PSCH-14 

4 PS-95 × PSCH-14 15 PSEV-101 × PSCH-14 

5 PS-13 × PSCH-14 16 PSEV-102 × PSCH-14 

6 PS-11 × PSCH-14 17 PSEV-11 × PSCH-14 

7 PS-14 × PSCH-14 18 Sarhad (W) × PSCH-14 

8 PS-204 × PSCH-14 19 Jalal × PSCH-14 

9 PS-228 × PSCH-14 20 Pahari × PSCH-14 

10 PS-47 × PSCH-14 Check-I P-30K08 (Hybrid) 

11 PS-225 × PSCH-14 Check-II Jalal (OPV) 

 

Results and discussion 

Days to 50% tasseling 

Mean squares value showed significant 

(P≤0.01) variation among the maize hybrids 

for days to tasseling (Table 2). Shah et al. 

and Abdulla et al. [9, 10] also reported 

significant (P ≤ 0.01) differences for days to 

tasseling in maize inbred lines. Mean values 

ranged from 49 to 65 days (Table 3). 

Minimum days to 50% tasseling were 

recorded for (Check-II) Jalal (49 days), 

followed by hybrid 8 and 11 (51 days). 

Hybrid 14 took maximum days to 50% 

tasseling (65 days), followed by hybrids 3, 

5, 12, 17 and 20 (63 days). Days to tasseling 

had significant (P≤0.01) positive correlation 

with days to anthesis (r=0.92), days to 

silking (r=0.91) and anthesis silking interval 

(r=0.38). Similarly days to tasseling had a 

significant (P≤0.05) positive correlation 

with kernel rows cob-1 (r=0.25) whereas, 

non-significant positive association with 

plant height (r=0.02), ear length (r=0.03) 

and 100 kernel weight (r=0.03). On the other 

hand non-significant negative association 

with ear height (r=-0.03), flag leaf area (r=-

0.13) and grain yield (r=-0.20) (Table 4). 

Our findings are in conformity with Shakoor 

et al. [11], who also noted negative 

association of days to tasseling with grain 

yield in maize genotypes. Early tasseling 

could cause earlier pollen shedding and 

silking which ultimately affects the overall 

maturity period of maize crop. 

 Days to 50% anthesis 
Means square values exhibited significant 

(P≤0.01) variation among the hybrids for 

days to anthesis (Table 2). Our findings are 

in line with Sabiel et al. and Ahmad et al. 

[12, 13] who also reported highly significant 

variation among maize genotypes for days to 

anthesis. Mean values for this parameter 

ranged from 51 to 70 days (Table 3). 

Earliest anthesis (51 days) was observed for 

Check-II while late anthesis was reported for 

hybrid 19 (70 days). Days to anthesis had 

significant (P≤0.01) and positive association 

with days to tasseling (r=0.92) and days to 

silking (r=0.91), whereas, it exhibited non-

significant association with rests of studied 

traits (Table 4). Our findings are in 

correspondence with Duvick et al. [14] who 

also reported a positive association of days 

to anthesis with days to anthesis silking 

interval, plant height, and 100 kernel weight. 

Days to anthesis is an important character in 

determining maturity period of maize crop 

and maize varieties with early maturity are 

always desirable in multiple cropping 

system. 

Days to 50% silking 

Mean squares values revealed significant 

(P≤0.01) variation among the tested hybrids 

for days to silking (Table 2). Our findings 
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are in conformity with Qamar et al. and 

Rahman et al. [15, 16] who quantified that 

days to silking, anthesis and anthesis silking 

interval are generally used by maize 

breeders as basis of determining maturity 

duration in maize crop. Mean values ranged 

from 52 to 72 days (Table 3). Earliest 

silking was exhibited by hybrid 8 and 13 (52 

days), whereas, hybrids 14, 15 and 19 took 

maximum (72) days to reach silking stage. 

Days to silking showed significant (P≤0.01) 

positive association with days to tasseling 

(r=0.91), days to anthesis (r=0.92) and 

anthesis silking interval (r=0.56) whereas, it 

showed non-significant relationship with 

plant height (r=0.06), ear height(r=-0.07), 

flag leaf area (r=-0.11), ear length (r=-0.10), 

kernel rows per cob (r=0.25), 100 kernel 

weight (r=0.13) and grain yield (r=-0.30) 

(Table 4). Duvick et al. [14] also observed 

positive relationship between days to silking 

and anthesis silking interval. 

Anthesis-silking interval 

Mean squares value exhibited significant 

(P≤0.01) differences among the hybrids for 

anthesis-silking interval (Table 2). Our 

findings are in correspondence with Rahman 

et al. [17] who also reported significant 

differences for anthesis-silking interval 

among maize populations. Mean values 

ranged from 0 to 4 (Table 3). Minimum 

anthesis-silking interval was observed for 

hybrid 11 and 15 and maximum anthesis-

silking interval (4) was observed for hybrid 

4 and 14. Hybrid 11 and 15 showed 0 ASI. 

This indicated that pollen shedding and 

silking were well synchronized in these two 

hybrids. Anthesis silking interval exhibited 

significantly positive association with days 

to silking (r=0.56) and a non-significant 

positive correlation with days to tasseling 

(r=0.39), days to anthesis (r=0.41), plant 

height (r=0.06), kernel rows per cob 

(r=0.02) and 100 grain weight (r=0.30) 

while, it had non-significant negative 

relationships with  ear height (r=-0.14), flag 

leaf area (r=-0.14), ear length (r=-0.04) and 

grain yield (r=-0.28) (Table 4). Our results 

are in contradiction with Shakoor et al. [11], 

who also stated a positive relationship 

between anthesis silking interval and grain 

yield. Synchronization between anthesis and 

silking leads to higher seed setting and 

ultimately higher grain yield. 

Plant height  

Mean square values exhibited highly 

significant differences among the maize 

hybrids for plant height (Table 2). Shah et 

al. [9] also observed significant differences 

for plant height. Means ranged from 161.73 

to 213.53 cm (Table 3). Hybrid 6 produced 

the shortest plants (16.73 cm) while, hybrid 

14 attained maximum plant height (213.53 

cm). Maize breeders give special attention to 

this character in maize breeding because 

plant height is an important agronomic 

character that plays role in plant lodging. 

Semi-dwarf plants are desired, because such 

plants are resistant to lodging and are 

fertilizer responsive. Plant height showed 

significant (P≤0.01) association with ear 

height (r=0.59) and kernel rows per cob 

(r=0.57) whereas, it displayed non-

significant positive association was observed 

with days to tasseling (r= 0.02) days to 

anthesis (r=0.10), silking (r=0.06) anthesis 

silking interval (r=0.06), 100 kernel weight 

(r=0.38) and grain yield (r=0.23) (Table 4). 

Singha and Prodhan [18] also reported that 

plant height and grain yield had positive 

correlation.  

Ear height  

Mean squares exhibited significant (P≤0.05) 

differences among the hybrids for ear height 

(Table 2). Similar findings were also 

reported by Rahman et al. [16]. Ear height 

ranged from 53.80 to 98.60 cm (Table 3). 

Hybrid 6 revealed minimum (53.80 cm) ear 

height while hybrid 14 showed maximum 

(98.60 cm) ear height. Ear height had non-

significant but positive association with ear 

length (r=0.20), kernel rows per cob 
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(r=0.20), 100 kernel weight (r=0.10) and 

grain yield (r=0.41) while, non-significant 

negative association was showed with days 

to tasseling (r=-0.03),  anthesis (r=-0.03), 

silking (r=-0.07), anthesis silking interval 

(r=-0.15) and flag leaf area (r=-0.17) (Table 

4). Allen et al. [19] observed that ear height 

indirectly increased grain yield through 

reduction in lodging.  

Flag leaf area  

Mean squares value for flag leaf area among 

the hybrids displayed highly significant 

differences (Table 2). Mean values ranged 

from 422.40 to 662.53 cm2 (Table 3). 

Smaller flag leaf area (422.40 cm2) was 

revealed by hybrid 8 while, larger flag leaf 

area (592.87 cm2) was exhibited by hybrid 

20. Flag leaf area had non-significant 

positive association with ear length 

(r=0.024), kernel rows per cob (r=0.03) and 

grain yield (r= 0.03). Likewise flag leaf area 

exhibited non-significant and negative 

association with days to tasseling (r=-0.13), 

anthesis (r=-0.07), silking (r=-0.11), anthesis 

silking interval (r=-0.14), plant and ear 

height (r=-0.16 and r = -0.17 respectively) 

whereas, it showed significant (P≤0.05) 

negative association with 100 kernel weight 

(r=-46) (Table 4). Martin and Russel [20] 

also reported that grain yield increased with 

larger flag leaf area.  
Cob length  

Mean squares for cob length exhibited 

significant (P≤0.01) differences among the 

maize hybrids (Table 2). These results are in 

a favor of Carlone and Russell [21] who also 

reported that cob length contributed directly 

to grain yield. Mean values for cob length 

ranged from 17.20 to 24.49 cm (Table 3). 

Hybrid 16 showed minimum (17.20 cm) cob 

length and hybrid 3 exhibited maximum 

(24.49 cm) cob length. Ear length had 

significant (P≤0.05) positive association 

with grain yield (r=0.45) and had non-

significant positive relationships with days 

to tasseling (r=0.03), ear height (r=0.12), 

flag leaf area (r=0.24), kernel rows per cob 

(r=0.03) while with rest of the traits it 

exhibited non-significant negative 

association as shown in Table 4. Our 

findings are in correspondence with Rafiq et 

al. [22], who observed higher grain yield 

with larger cob length. 

 Kernel rows cob-1 

Significant (P≤0.01) variations were found 

for kernel rows cob-1 among the maize 

hybrids (Table 2). Mean values for kernel 

rows cob-1 ranged from 13.00 to 17.00 rows 

per cob (Table 3). Minimum kernel rows 

cob-1 (13.00) was recorded for Check-I 

while, maximum kernel rows cob-1 (17.00) 

was observed for hybrid 1. Kernel rows cob-

1 had significant (P≤0.01) positive 

association with plant height (r=0.57) while, 

with a rest of the characters it had non-

significant positive correlation (Table 4). 

Umakanth et al. and Altenbas and Algan 

[23, 24] also reported that kernels rows cob-1 

had significant (P≤0.01) and positive 

association with plant height. They 

suggested that while doing selection   yield 

improvement ear diameter and kernel rows 

ear-1 should be given more preference. 

100 Kernel weight  

Mean square values revealed significant 

(P≤0.01) differences among the maize 

hybrids for 100 kernel weight (Table 2). For 

100 kernel weight among maize hybrids 

mean values ranged from 25.27 to 38.27 g. 

Minimum 100 kernel weight (25.27 g) was 

recorded for hybrid 20 whereas, maximum 

100 kernel weight (35.27 g) was observed 

for hybrid 1 as shown in table 3. Hundred 

kernel weight exhibited significantly 

negative association with flag leaf area (r=-

0.46) and non-significant but positive 

association with all the traits except with ear 

length (r=-0.09) which had non-significant 

negative association with 100 kernel weight 

(Table 4). Rahman et al. [25] also observed 

a positive association between ear length 

and 100 kernel weight. Rahman et al. and 
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Nizam-ud-din et al. [25, 26] reported that 

100 kernel weight and ear length are major 

contributors to grain yield. 

Grain yield  

Statistical analysis showed significant 

(P≤0.01) variation for grain yield among the 

maize hybrids (Table 2). Similar findings 

were also reported by Tahir et al. [27], while 

comparing yield performance of different 

maize hybrids. Mean values for grain yield 

among maize genotypes ranged from 2770 

to 7500 kg ha-1. Hybrid 6 showed minimum 

grain yield (2770 kg ha-1) while hybrid 1 

exhibited maximum grain yield (7500 kg ha-

1) (Table 3). Grain yield had significant 

(P≤0.05) and positive association with ear 

length (r=0.45) and non-significant but 

positive association with plant height 

(r=0.23), ear height (r=0.41), flag leaf area 

(r=0.03), kernel rows per cob (r=0.05) and 

100 kernel weight (0.21). Non-significant 

but negative association was noted with days  

to tasseling (r=-0.20), days to anthesis (r=-

0.25), days to silking (r=-0.30) and anthesis 

silking interval (r=-0.28). Iqbal and Chuhan 

[28] also observed increased in grain yield 

due to positive association of grain yield 

with kernel rows cob-1 and 100 kernel 

weight. 

Table 2. Mean squares of morphological and yield attributing traits in maize hybrids 

*, ** significant at 1% and 5% levels of probability, respectively 

 

 

 

 

 

 

 

Parameters  Replications 

(df=2) 

Genotypes 

(df=21) 

Error 

(df=42) 

Coefficient of 

variation (%) 

Days to tasseling  12.59 73.51** 2.32 14.42 

Days to anthesis  10.97 85.51** 5.56 3.70 

Days to silking  2.38 113.48** 3.44 2.82 

Anthesis silking 

interval (ASI) 

0.29 4.19** 0.57 33.55 

Plant height(cm) 29.78 458.45** 12.31 1.92 

Ear height(cm) 390.84 256.47* 139.51 14.79 

Flag leaf area (cm2) 74.32 11732.32** 472.98 4.13 

Cob length (cm) 1.22 6.57** 0.285 2.63 

Kernel rows cob-1 (no) 1.15 2.34** 0.58 5.29 

100 Kernel weight (g) 2.56 34.79** 7.35 8.25 

Grain yield(kg ha-1) 113298.59 5669481.45** 62631.19 4.94 
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Table 3. Mean values of 22 maize hybrids for morphological and yield traits 

 

 

 

Hybrids Days to 

tasseling 

(days) 

Days to 

anthesis 

(days) 

Days to 

silking 

(days) 

Anthesis 

silking 

interval 

Plant 

height 

(cm) 

Ear 

height 

(cm) 

Flag leaf 

area 

(cm2) 

Ear 

length 

(cm) 

Kernel 

rows cob-1 

(no) 

100 kernel 

weight 

(g) 

Grain 

yield 

(kg ha-1) 

1 62 67 68 2 198.5 92.3 522.9 21.3 17.0 38.3 7500 

2 62 66 69 3 188.3 90.3 514.3 21.0 14.0 36.3 6882 

3 63 65 67 2 167.1 81.7 585.2 24.5 14.0 31.8 6483 

4 54 62 66 4 177.9 79.7 443.9 19.8 13.7 37.4 4993 

5 63 65 68 3 164.4 80.4 552.1 18.7 13.7 31.6 3225 

6 61 65 68 3 161.7 53.8 550.9 19.9 14.7 34.1 2770 

7 59 61 64 2 176.9 81.7 422.4 19.6 14.0 37.9 4447 

8 51 53 52 1 197.7 85.9 564.1 19.5 14.3 35.3 7008 

9 61 67 69 2 187.4 84.6 497.9 21.0 15.7 32.4 6007 

10 62 65 66 2 175.8 77.0 511.1 20.4 14.7 28.7 5435 

11 51 58 58 0 173.1 85.1 637.2 19.9 14.7 26.3 3378 

12 63 68 69 1 181.9 78.9 492.2 19.5 13.7 31.4 5742 

13 50 52 52 0 174.9 77.6 512.6 20.1 13.3 31.2 7050 

14 65 68 72 3 213.5 98.6 475.4 20.1 15.7 33.1 3840 

15 60 68 72 4 187.1 75.3 589.2 19.4 14.7 34.6 5132 

16 62 67 70 3 181.8 81.2 466.2 17.2 14.0 30.2 4055 

17 63 69 70 1 182.9 80.9 480.8 19.1 14.3 32.9 3981 

18 62 65 68 3 188.5 73.1 465.3 20.4 15.0 34.0 3317 

19 61 70 72 2 196.3 77.9 615.6 19.1 14.7 36.0 4378 

20 63 65 68 3 174.0 76.9 662.5 21.8 14.0 25.3 5208 

Check-I 62 66 69 2 172.8 89.7 495.4 22.2 13.0 32.4 5387 

check-II 49 51 53 2 189.6 85.7 535.8 21.9 14.0 32.0 5150 

Minimum 49 51 52 0 161.7 53.8 422.4 17.2 13.0 25.3 2770 

Maximum 65 70 72 4 213.5 98.6 662.5 24.5 17.0 28.3 7500 

LSD(0.05) 1.45 2.24 1.77 0.72 3.34 11.24 20.69 0.51 0.72 2.58 238.08 
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Table 4. Correlation among different traits in maize hybrids evaluating during 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

Traits 
Days to 

heading 

Days to 

anthesis 

Days to 

silking 

Anthesis 

silking 

interval 

Plant 

height 

Ear 

height 

Flag leaf 

area 

Ear 

length 

Kernel 

rows cob-1 

100 

Kernel 

weight 

Days to anthesis 0.92**          

Days to silking 0.91** 0.98**         

Anthesis silking 

interval 
0.38** 0.41** 0.56**        

Plant height 0.02 0.10 0.06 0.06       

Ear height -0.03 -0.03 -0.07 -0.15 0.59**      

Flag leaf area -0.13 -0.07 -0.11 -0.14 -0.16 -0.17     

Ear length 0.03 -0.11 -0.10 -0.04 -0.12 0.20 0.24    

Kernel rows cob-1 0.25* 0.30* 0.25* 0.02 0.57** 0.20 0.03 0.03   

100 Kernel weight 0.03 0.10 0.13 0.30* 0.38** 0.10 -0.46** -0.09 0.25*  

Grain yield -0.20 -0.25* -0.30* -0.28* 0.23 0.41** 0.03 0.45** 0.05 0.21 
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Conclusion and recommendations 

Significant variability among the hybrids for 

the studied traits indicated that selection 

would be effective. Hybrid 1 showed high 

kernel rows per cob, 100 kernel weight and 

grain yield, and could be recommended for 

commercial cultivation under agro-

ecological condition of Peshawar. Grain 

yield had positive association with plant 

height, ear height, ear length, flag leaf area, 

kernel rows cob-1 and 100 kernel weight. 

Therefore special attention should be given 

to these traits in selection to achieve high 

productivity. 
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