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ABSTRACT 
 

This study was conducted at Maize and Millets Research Institute, Yusafwala, 
Sahiwal, Pakistan during summer season 2009 to evaluate the effect of plant 
spacing on growth and yield of four maize hybrids. The experiment was laid out 
in randomized complete block design with split plot arrangement having three 
replications. The maize hybrids (Yusafwala Hybrid, YH-1898, YH-1850 and FH-
793) were sown at plant spacings of 10, 12.50, 15 and 17.50 cm. The results 
indicated that maize hybrids and plant spacings had significant effect on 
growth, yield and yield components. Days to 50 percent silking, ear length, ear 
weight, number of grains per row and 1000-grain weight were significantly 
varied among maize hybrids. The hybrid YH-1898 had significantly greater days 
to 50 percent silking (55.08), ear length (22.25 cm) and 1000-grain weight 
(460.80 g) while FH-793 had higher ear weight (290.50 g) and Yusafwala Hybrid 
excelled in number of grains per row (43.50) as compared to other hybrids. 
Different plant spacings also significantly affected days to 50 percent silking, 
plant height, ear length, ear weight, number of grains per row, number of 
grains per ear, 1000-grain weight, shelling percentage and grain yield. Plant 
spacing of 17.50 cm gave significantly higher ear length (23.50 cm), ear weight 
(295.25 g), number of grains per row (44.50), number of grains per ear (717.00), 
1000-grain weight (443.3 g) and shelling percentage (86.63) while plant spacing 
of 12.50 cm excelled in grain yield (8.370 t/ha) as compared to other plant 
spacings. It is concluded that maize hybrids should preferably be cultivated at 
plant spacing of 12.50 cm to get maximum grain yield. 
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INTRODUCTION 
 
Maize (Zea mays L.) belongs to the family Poaceae. In Pakistan, it is the third 
most important cereal grain crop after wheat and rice and is used as a staple 
food for humans, feed for livestock and raw material for industry (7). 
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Due to high yield potential and short duration this crop is gaining more 
popularity against other cereals. In Pakistan, maize is grown on an area of 
0.95 million hectares with total annual production of 4.487 million tons of 
grain and average yield of 3670 kg per hectare (4), which is much lower than 
the yields realized in other countries. Among various factors responsible for 
low yield, non-availability of seed of improved varieties/hybrids and sub-
optimal or super optimal plant population per hectare contribute more 
towards lower yield (11). The optimum per acre plant population is pre-
requisite for higher yield of maize like other crops. Increase in plant density 
delays maturity and decreases shelling percentage, 1000-grain weight, grains 
per ear and grains per row (12), particularly in maize where there is no 
possibility of filling gaps between plants by branching or tillering. An 
appropriate plant stand may help harness all the renewable and non-
renewable resources in a more efficient manner towards higher crop yields 
(16).  
 

Grain yield per unit area increases with plant density until the increase in 
yield attributable to plants is offset by decline in mean yield per plant (18). On 
the other hand, lower than optimum plant density delays canopy closure with 
reduced interception of seasonal incident solar radiation (20), leading to 
greater number of grains per plant, but lower grain yield per unit area (3). 
 
Increasing plant population per unit area beyond a certain limit results in 
competition among the plants for sunlight, nutrients, moisture and may cause 
severe lodging. So it is imperative to develop a spacing pattern which may 
help avoid excessive crowding enabling the maize plant to utilize these 
resources more efficiently for increased production. Plant density is one of 
the most important cultural practices determining grain yield, as well as other 
important agronomic attributes of this crop (13). Maize is more sensitive to 
variations in plant density than other members of grass family (2) due to its 
monoecious floral organization, its low tillering ability and presence of a brief 
flowering period (13). Plant density exerts a strong influence on maize 
growth, because of its competitive effect both on vegetative and reproductive 
development (15). Grain yield increases linearly with plant density until some 
competitive effects become apparent (1). Maize hybrids differ in their 
response to plant density (9). 
 
The present study was designed to find out the optimum plant spacing for 
obtaining maximum grain yield of four maize hybrids. 
 

MATERIALS AND METHODS 
 

The study was conducted at Maize and Millets Research Institute, Yusafwala-
Sahiwal, Pakistan during summer season 2009. The experimental area is 
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located at 30.34o North, 71.91o South and at altitude of 213 meters above sea 
level. The experiment was laid out in randomized complete block design with 
split plot arrangement having three replications. Four maize hybrids (YH-
1898, YH-1850, FH-793 and Yusafwala Hybrid) were kept in main plots and 
four plant spacings/populations viz. P1 = 10cm (133333 plants/ha), P2 = 
12.5cm (106666 plants/ha), P3 = 15cm (88888 plants/ha) and P4 = 17. 5cm 
(76190 plants/ha) were allotted to sub-plots. In each sub-plot, there were five 
rows with row to row distance of 75cm. The net plot size was 5m x 3.75m. 
The crop was sown with a dibbler on 22nd July, 2009. Two seeds were sown 
per hill and later thinned to one plant per hill at 4-6 leaves stage. The field 
was immediately irrigated after planting while the total number of irrigations 
applied to the field was ten. Recommended dose of NPK (300-150-125 
kg/ha) was applied. Full dose of P, K and 1/8 of total N was applied at sowing 
while remaining 1/5 N at four leave stage, 1/3 N at grand growth stage and 
1/3 N was applied just before flowering. All the agronomic operations were 
kept constant for all the treatments for uniform growth. At final harvest, 
central three rows from each plot were harvested to record observations on 
yield and yield attributes. The data collected were subjected to analysis of 
variance technique and treatments means were compared by using Duncan’s 
new multiple range (DMR) test at 0.05 percent probability (17).  
 

RESULTS AND DISCUSSION 
 

Days to 50 percent silking 
 
Statistical analysis of the data (Table 1) indicated that effect of hybrids and 
spacings was significant while hybrid x spacing interaction showed non-
significant effect on days to 50 percent silking. Maximum days to 50 percent 
silking (55.08) was recorded for YH-1898 and minimum value (52.50) was 
recorded for YH-1850. Minimum plant spacing (10 cm) resulted in maximum 
days to 50 percent silking (54.50), while minimum days to 50 percent silking 
(53.75) was recorded for plant spacing of 15 and 17.50 cm. 
 
Plant height (cm) 
 
Plant architect has an important role in yield, i.e. the more the green area, the 
more will be photosynthetic activity which contributes more to grain yield. 
Plant spacing had significant effect on plant height while hybrids and hybrid x 
spacing interaction showed non-significant effect on plant height (Table 2). 
Mean values of hybrids indicated that maximum plant height (246.92 cm) was 
recorded for YH-1850 and minimum (232.17 cm) for FH-793. Among plant 
spacings,  maximum  plant   height   (243.75 cm)   was  obtained with  10  cm 
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Table 1. Effect of plant spacing on days to 50 % silking of different maize hybrids. 
 

Plant 
spacing 

(cm)  

Hybrids  
Yusafwala 

Hybrid 
YH-1898 YH-1850 FH-793 Mean 

10.00 54.67 55.67 52.67 55.00 54.50 a 
12.50 54.33 54.67 52.67 54.33 54.00 ab 
15.00 54.33 55.00 52.33 53.33 53.75 b 
17.50 54.33 55.00 52.33 53.33 53.75 b 
Mean 54.42 ab 55.08 a 52.50 c 54.00 b  

LSD value at 5% level for hybrids = 0.7307, LSD value at 5% level for spacings = 0.5532 
 
Table 2. Effect of plant spacing on plant height (cm) of different maize hybrids. 

 
Plant 

spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00  245.33 240.67 252.00 237.00 243.75 a 
12.50  244.67 239.67 250.33 234.67 242.33 a 
15.00  241.67 237.33 244.00 230.00 238.25 b 
17.50  239.67 235.67 241.33 228.00 236.17 b 
Mean 242.83 238.33 246.92 232.17  

LSD value at 5% level for hybrids = NS, LSD value at 5% level for spacings = 3.979 
 
spacing which was statistically at par with 12.5 cm plant spacing (242.33 cm). 
Minimum plant height (236.17cm) was obtained at 17.5 cm spacing which 
was statistically similar to 12.5 cm plant spacing (242.33 cm). The increase in 
plant height at higher densities may be due to strong competition among the 
plants for light. These results are in conformity with Hassan (8) who reported 
that plant height increases with increase in plant density. Similar results have 
also been reported by Sharifi et al. (14).  
 
Ear height (cm) 
 
Statistical analysis of the data showed that hybrids, spacing and hybrid x 
spacing interaction did not significantly affect the ear height in maize. Mean 
values for hybrids indicated that maximum ear height (112.33 cm) was 
recorded for YH-1850 and minimum (101.33cm) for Yusafwala Hybrid. In 
case of plant spacings, ear height was maximum (108.58 cm) at 10 cm 
spacing (Table 3) against minimum (101.50cm) at 17.50 cm spacing. Similar 
results were observed by Hassan (8) who reported that ear height increased 
with increase in plant density. 
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Table 3. Effect of plant spacing on ear height (cm) of different maize hybrids. 
 

Plant spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00  102.00 109.67 115.00 107.67 108.58 
12.50  101.67 108.00 115.00 105.33 107.50 
15.00  101.67 107.67 110.33 98.33 104.50 
17.50  100.00 100.67 109.00 96.33 101.50 
Mean 101.33 106.50 112.33 101.50  

LSD value at 5% level for hybrids = NS, LSD value at 5% level for spacings = NS 
 
Ear length (cm) 
 
Maize hybrids and plant spacing significantly influenced the ear length while 
interaction of plant spacing and maize hybrids did not significantly affect the 
trait. Ear length generally decreased with decrease in plant spacing. 
Maximum ear length (22.25 cm) was recorded for YH-1898 which was 
statistically at par with YH-1850 (22.0 cm) (Table 4). Minimum value (20.75 
cm) was recorded for Yusafwala Hybrid which was statistically similar to FH-
793. Similarly maximum plant spacing (17.50 cm) resulted in maximum ear 
length (23.50 cm) and vice versa. These results are in line with those 
reported by Hassan (8) and Sharifi et al. (14) who reported that ear length 
decreased with increase in plant density.  
 
Table 4. Effect of plant spacing on ear length (cm) of different maize hybrids. 
 

Plant spacing 
(cm)  

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00 17 19 18 18 18.00 c 
12.50 21 23 23 22 22.25 b 
15.00 22 23 23 22 22.50 b 
17.50 23 24 24 23 23.50 a 
Mean 20.75 b 22.25 a 22.00 a 21.25 b  

LSD value at 5% level for hybrids = 0.7014, LSD value at 5% level for spacings = 0.4213 
 

Ear weight (g) 
 
The data (Table 5) revealed that hybrids and plant spacing had a significant 
effect on ear weight while the interaction of planting density and maize 
hybrids did not significantly affect the ear weight. Maximum ear weight 
(290.50 g) was produced by FH-793 against minimum (261.50 g) by 
Yusafwala  Hybrid  which  was  statistically  at  par  with  YH-1850 (269.50 g).  
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Table 5. Effect of plant spacing on ear weight (g) of different maize hybrids. 
 

Plant spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00 233 245 239 256 243.50c 
12.50 260 274 269 285 272.00b 
15.00 273 285 280 304 285.50a 
17.50 280 294 290 317 295.25a 
Mean 261.50b 274.50 ab 269.50 b 290.50 a  

LSD value at 5% level for hybrids = 18.59, LSD value at 5% level for spacings = 12.57 
 
Similarly maximum plant spacing (17.50 cm) resulted in maximum ear weight 
(295.25 g) which was statistically at par with 15.00 cm plant spacing (285.50 
g). Minimum plant spacing (10cm) showed minimum ear weight (243.50 g). 
Increase in ear weight due to more plant spacing might be due to the lower 
competition for radiation and nutrients allowing the plants to accumulate 
more photosynthates to convert into sink resulting in more ear weight. These 
results are in line with Zeidan et al. (21) who concluded that ear weight 
increases with increase in row spacing. 
 
Number of grains per row 
 
The response of number of grains per row to hybrids and plant density was 
significant (Table 6). Maximum number of grains per row (43.50) was 
produced by Yusafwala Hybrid while minimum (39.00) by FH-793. Among 
plant spacings, maximum spacing (17.50 cm) produced higher number of 
grains per row (44.50), while minimum plant spacing (10 cm) produced 
minimum  number  of  grains  per  row  (36.75).  As  plant  density  increased, 
 
Table 6. Effect of plant spacing on number of grains per row of different maize 

hybrids. 
 

Plant spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00 cm 39 37 36 35 36.75d 
12.50 cm 43 42 41 39 41.25 c 
15.00 cm 45 42 42 40 42.25 b 
17.50 cm 47 45 44 42 44.50 a 

Mean 43.50 a 41.50 b 40.75 b 39.00 c  
LSD value at 5% level for hybrids = 0.7764, LSD value at 5% level for spacings = 0.9102 
 

number of grains per row decreased due to the effect of interplant 
competition for light, water, nutrition and other environmental factors. These 
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results are in conformity with Bavec and Bavec (6) who reported that number 
of grains per row significantly changed due to increase in plant population. 
Similar results were reported by Ogunlela et al. (12) who concluded that 
increase in plant density decreased the number of grains per row.  
 
Number of grains per ear 
 
Plant spacing had significant effect on number of grains per ear while hybrids 
and hybrid x spacing interaction showed non-significant effect. Mean values 
of hybrids indicated that maximum number of grains per ear (661.67) was 
recorded for FH-793 and minimum (621.00) for YH-1850 (Table 7). In case of 
plant spacings maximum spacing (17.50cm) produced higher number of 
grains per ear (717.00) while minimum spacing (10 cm) yielded minimum 
number of grains (540.30). As plant density increased, number of grains per 
ear decreased due to the effect of interplant competition for light, water, 
nutrition and other environmental factors. These results agree to those of Arif 
et al. (5) who reported that number of grains per ear decreased with increase 
in plant density. Similar results have also been reported by Malaviarachchi et 
al. (10) who reported that seed number per ear was reduced by 10-16 
percent at higher densities.  
 
Table 7. Effect of plant spacing on number of grains per ear of different maize 

hybrids. 
   

Plant spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00 cm 526.00 604.00 499.00 532.00 540.30 c 
12.50 cm 668.00 650.00 625.00 680.00 655.80 b 
15.00 cm 702.00 668.00 662.00 718.00    687.50 ab 
17.50 cm 738.33 715.00 698.00 716.67 717.00a 

Mean 658.58 659.25 621.00 661.67  
LSD value at 5% level for hybrids = 0.7764, LSD value at 5% level for spacings = 0.9102 
 
1000-grain weight (g) 
 
The data (Table 8) indicated that hybrids and plant spacings significantly 
affected 1000-grain weight of maize. Maximum 1000 grain weight (460.80 g) 
was produced by YH-1898 while minimum (404.50 g) by Yusafwala Hybrid 
which was statistically at par with YH-1850 (412.50 g). Similarly maximum 
plant spacing (17.50 cm) resulted in maximum 1000-grain weight (443.30 g) 
which was statistically at par with 15.00 cm plant spacing (438.00 g). 
Minimum   plant  spacing  (10 cm)   resulted  in  minimum  1000-grain  weight  
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Table 8. Effect of plant spacing on 1000-grain weight (g) of different maize hybrids. 
 

Plant spacing 
(cm) 

Hybrids  

 Yusafwala 
Hybrid 

YH-1898 YH-1850 FH-793 Mean 

10.00 cm 386 442 396 424 412.00 c 
12.50 cm 400 460 410 440 427.50 b 
15.00 cm 415 468 418 451 438.00 a 
17.50 cm 417 473 426 457    443.3 a 

Mean 404 50 c 460.80 a 412.50c 443.00b  
LSD value at 5% level for hybrids = 13.04, LSD value at 5% level for spacings = 9.237 
 
(412.00 g). Increase in 1000-grain weight in lower plant density might be due 
to the lower competition for radiation and nutrients allowing the plants to 
accumulate more photosynthates to convert into sink which resulted in more 
1000-grain weight. The results are in agreement with Arif et al. (5) and 
Ogunlela et al. (12) who reported that 1000-grain weight decreased with 
increase in plant density. 
 
Shelling percentage 
 
Plant spacing had significant effect on shelling percentage while hybrids and 
hybrid x spacing interaction showed non-significant effect. Mean values of 
hybrids indicated that maximum shelling percentage (87.50) was recorded for 
YH-1898 and minimum for Yusafwala Hybrid (84.75) (Table 9). In case of 
plant spacings, maximum shelling percentage (86.63) was observed in 
maximum plant spacing (17.50 cm) which was statistically at par with 15.00 
and 12.50 cm spacings. The results are in agreement with those of Ogunlela 
et al. (12) who reported that increase in plant density decreased shelling 
percentage. 
 

Table 9. Effect of plant spacing on shelling percentage of different maize hybrids. 
 

Plant 
spacing (cm) 

Hybrids Mean 
Yusafwala 

Hybrid 
YH-1898 YH-1850 FH-793  

10.00 cm 84 87 85 86 85.63 b 
12.50 cm 85 87 86 86 86.25 a 
15.00 cm 85 87 86 87 86.38 a 
17.50 cm 85 88 86 87 86.63 a 

Mean 84.75 87.50 86.00 86.62  
LSD value at 5% level for hybrids = NS, LSD value at 5% level for spacings = 0.3916 
 

Grain yield (t/ha) 
 

Plant spacing had significant effect on grain yield while hybrids and hybrid x 
spacing interaction showed non-significant effect (Table 10). Mean values of 
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hybrids indicated that maximum grain yield (7.913 t/ha) was recorded for FH-
793 and  minimum (7.318 t/ha)  for Yusafwala Hybrid. Among plant spacings, 
 
Table 10. Effect of plant spacing on grain yield (t/ha) of different maize hybrids. 
  

Plant spacing 
(cm) 

Hybrids Mean 

 Yusafwala Hybrid YH-1898 YH-1850 FH-793  
10.00 cm 7.668 8.115 8.000 8.500 8.071 b 
12.50 cm 8.088 8.370 8.311 8.711 8.370 a 
15.00 cm 6.897 7.155 7.013 7.315 7.095 c 
17.50 cm 6.619 6.494 6.346 7.125 6.646 d 

     |Mean 7.318 7.534 7.417 7.913  
LSD value at 5% level for hybrids =  NS, LSD value at 5% level for spacings = 40.49 
 
maximum grain yield (8.370 t/ha) was obtained with 12.50 cm spacing while 
minimum (6.646 t/ha) at 17.50 cm spacing. At higher plant density, overall 
grain yield of maize increased due to increasing number of ears per hectare. 
A similar trend in yield differences across planting density has been observed 
by Malaviarachchi et al. (10) who reported that grain yield increased with 
increasing plant density. Similar results have been reported by Arif et al. (5). 

 
CONCLUSION AND RECOMMENDATION 

 
The results of study led to the conclusion that plant spacing showed 
significant effects on growth, yield and yield components of maize hybrids. 
The highest grain yield was recorded at plant spacing of 12.5 cm. It is 
suggested that maize hybrids should be preferably cultivated at plant spacing 
of 12.50 cm (106666 plants/ha) to get maximum grain yield. 
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