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Abstract 

 

Field experiments were conducted at Agricultural Research Farm, NWFP Agricultural 

University, Peshawar, Pakistan during summer 2006 and 2007 in randomized complete block 

design with split plot arrangements having three replications. Four plant populations (4.5, 6, 7.5 

and 9 plants m-2), three nitrogen levels (80, 120 and 160 kg ha-1) and three nitrogen application 

methods (full dose at emergence, half each at emergence and knee height, one third each at 

emergence, knee height and pre-tasseling stages) were included in the experiments. Plant 

populations (PP) were kept in the main plot, while combinations of nitrogen levels (N) and nitrogen 

application methods were kept in the sub-plots. Maize variety Azam was sown with the help of a 

planter in a plot size of 3 x 3 m2 with row to row distance of 75 cm. Grain and biological yields 

increased with increase in PP from 4.5 plants m-2 to 7.5 plants m-2 but further increase in PP did not 

significantly enhance grain and biological yields of maize. Likewise, increase in N level 

significantly improved grain and biological yields of maize up to 120 kg ha-1. Similarly, N 

application in three splits performed better than sole or two splits in terms of biological yield 

production in maize. HI consistently increased with increase in PP from 4.5 plants m-2 to 9 plants 

m-2. Ear characters were not affected by PP except grain weight which was higher at PP of 7.5 

plants m-2. In similar fashion, N level significantly affected only grains row-1 and grain ear-1. Both 

grains row-1 and grain ear-1 increased with increase in N level from 80 to 160 kg ha-1 but the N level 

of 120 and 160 kg ha-1 were statistically at par with each other. It is concluded that higher yield and 

better ear characters were obtained at PP of 7.5 plant m-2 with N application @120 kg ha-1.  

 

Introduction 

 

More maize is produced worldwide than any other cereal grain and it is of huge 

importance to subsistence farmers and commercial farmers alike (Anon., 2005). In 

Pakistan, it is the third most important cereal grain crop after wheat (Triticum aestivum 

L.) and rice (Oryza sativa L.) and is used as a staple food for humans, as feed for 

livestock and as raw material for industry (Harris et al., 2007). During 2006, it was 

planted on 1.042 million hectares in Pakistan, with total production of almost 3.109 

million tonnes. In the North West Frontier Province (NWFP), maize was sown on around 

0.492 million hectares with production of nearly 0.782 million tons and an average yield 

of only 1.59 t ha-1 reflecting the high proportion of rainfed cropping in the province 

(Anon., 2005). There are two seasons of maize production; the spring season crop is 

sown from mid-February to the end of March and the main summer crop from June to 

mid-July. Both seasons’ crops have durations of about 3–4 months. Mostly open-

pollinated maize cultivars are sown (Chaudhry, 1994). 
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The importance of plant population (PP) as a factor determining growth and yield 

has been well established for the main maize production areas (Cox, 1996). Determining 

corn PP response is a recurrent area of study but it is very inconsistent across different 

environment and management practices. For example, Norwood & Currie (1996) 

reported that dryland corn performed best at PP not exceeding 44500 plants ha-1.  

Contrary to that, Norwood (2001) achieved maximum grain yield of maize at PP up to 

60,000 plants ha-1. However, no yield differences were found for low corn populations of 

21000, 24700 and 37100 plants ha-1 (Havlin & Lamm, 1988). In a summary of research, 

results from locations across the USA and Canada, corn grain yields leveled off but did 

not decrease above the optimum plant population, except in those fields with yield levels 

below 7500 kg ha-1 (Paszkiewicz & Butzen, 2001). Modern hybrids typically have a 

greater tolerance of high plant density than older hybrids (Tollenaar, 1992). 

Nitrogen plays an important role in crop life. It is one of the most important nutrients 

needed by plants in large quantities. It is essential to know the best level of nitrogen 

application for getting a higher crop yield so that maximum benefits could be achieved. 

In cereals, adequate nitrogen increases the plumpness of grains and their proteins content. 

Adequate nitrogen promotes vigorous vegetative growth and deep green color. Nitrogen 

had been recognized as one of the most limiting nutrient. Its use and demand is 

continuously increasing day by day. Since it is highly mobile, it is subjected to greater 

loss from the soil plant system. Even under the best management practices, 30-50% of the 

applied N is lost (Stevenson, 1985) and hence the farmer is compelled to apply more than 

the actual need of the crop to meet the losses. The loss of N not only harasses the farmers 

but it also has hazardous impact on the environment (Gosh & Bhat, 1998). Higher inputs 

of chemical fertilizer for sustainable crop production cause soil degradation and 

environmental pollution (William, 1992). Thus it is the need of the time to search not 

only for the optimum N level of a crop but also to find out appropriate method for its 

application to reduce the losses. Different approaches may be adopted for effective and 

efficient utilization of nitrogenous fertilizers. 

It is very difficult rather impossible to recommend a single level of N for maize 

without considering the variation in locations, soil types and other factors. Therefore, 

different researchers have found optimum corn yields at different level of N. For 

example, Al-Kaisi & Yin (2003) found optimum corn yield at 140 to 250 kg N ha-1. Gehl 

et al., (2005) reported that a split application of 185 kg N ha-1 was sufficient to achieve 

maximum corn yield and in most instances 125 kg N ha-1 was sufficient. Ma et al., (2005) 

found that grain yields increased significantly with fertilizes rates up to 120 kg N ha-1.  

Timing of fertilizer N application is an important management tool in this effort 

(Jokela & Randall., 1989). Maximum efficiency is obtained when N is applied so it is 

available for uptake by the plant as needed. This suggests that plant uptake of fertilizers 

N is more efficient when applied just prior maximum plant need. At the six leaf stage, 

maize starts its most active growth and substantially increases N and water consumption 

(Ritchie & Hanway, 1982) and therefore, fertilization at six-leaf stage is more efficient 

than the application at planting (Wells et al., 1992). The period of rapid growth and 

nutrient uptake by grain crops occur about 35 days after emergence (Vanderlip, 1993) at 

the eight-leaf growth stage. Field studies under both irrigated and non irrigated conditions 

in Nebraska (Rehm & Wiese, 1975), Illinois (Welch et al., 1971), Wisconson (Bundy, 

1992) and New York (Lathwell et al., 1970) have shown increased grain yields and more 

efficient use of fertilizer N by corn when N application was delayed until several weeks 

post emergence rather than applied before planting. 
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These experiments were conducted to study the response of PP to N levels and their 

methods of application and to find out an optimum N level with a proper method of 

application for a particular PP in maize.   

 

Materials and Methods 

 

Experimental site: Peshawar has a warm to hot, semi-arid, sub-tropical, continental 

climate with mean annual rainfall of about 360 mm. Summer (May–September) has a 

mean maximum temperature of 40C and mean minimum temperature of 25C. Winter 

(December to the end of March) has mean minimum temperature of 4C and a maximum 

of 18.4C. The average winter rainfall is higher than that of summer. The highest winter 

rainfall has been recorded in March, while the highest summer rainfall is in August. Soil 

of the experimental site is deficient in N, P and available Zn, but has adequate K. Canal 

water is available for irrigation (Harris et al., 2007). The physio-chemical properties of 

the experimental site are given in Table 1.  

 
Experimental description: The field experiments were conducted at Agricultural 
Research Farm, NWFP Agricultural University, Peshawar, Pakistan during summer 2006 
and 2007. The experiments were laid out in randomized complete block design with split 
plot arrangements having three replications. Four plant populations (45,000, 60,000, 
75,000 and 90,000 plants ha-1), three nitrogen levels (80, 120 and 160 kg ha-1) and three 
nitrogen application methods (full dose at emergence, half each at emergence and knee 
height, one third each at emergence, knee height and pre-tasseling stages) were included 
in the experiment. Plant populations were kept in the main plot, while combinations of 
nitrogen levels and nitrogen application methods were kept in the sub-plots. Maize 
variety Azam was sown with the help of a planter in a plot size of 3 x 3 m2 with row to 
row distance of 75 cm.  Plant populations were maintained by thinning after emergence. 
For plant populations of 45,000, 60,000, 75,000 and 90,000 plants ha-1, plant to plant 
distances of 30 cm, 22 cm, 17.6 cm and 15 cm, respectively were maintained. Phosphorus 
was applied @100 kg ha-1 at the time of sowing. Urea and single super phosphate (SSP) 
were used as sources of nitrogen and phosphorus.  

 

Data analysis: The data recorded were analyzed statistically combined over years by 

statistical package Genstat v 8.1. Main and interaction effects were compared using LSD 

test at 0.05 level of probability, when the F-values were significant (Steel & Torrie, 1980). 

 

Results and Discussion 

 
Grain yield: Grain yield varied significantly with plant population (PP) and N levels (N). 
The effects of year and N application methods (M) were not significant. None of the 
interactions was significant. Grain yield increased with increase in PP from 4.5 to 7.5 
plants m-2 but further increase in PP did not significantly enhance grain yield of maize. 
Higher grain yield (8490 kg ha-1) was recorded at PP of 9 plants m-2  followed by grain 
yield (8097 kg ha-1) obtained at PP of 7.5 plants m-2. Minimum grain yield (4823 kg ha-1) 
was recorded at the lower PP of 4.5 plants m-2. Likewise, increase in N level significantly 
improved grain yield up to 120 kg ha-1. Maximum grain yield (7216 kg ha-1) was 
obtained at the highest N level of 160 kg ha-1 followed by N level of 120 kg ha-1 where 
grain yield of 6943 kg ha-1 was recorded and minimum grain yield (6715 kg ha-1) was 
obtained at the lowest N rate of 80 kg ha-1.   
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Table 1. Physico-chemical properties of the experimental site. 

Sand (%) 8.7 

Silt (%) 51.3 

Clay (%) 40.0 

Textural Class Silty clay loam 

Organic matter (g kg-1) 0.845 

Total N (g kg-1) 0.04 

CaCo3 (%) 14.4 

pH 1:1 Water  8.02 

Electrical Conductivity (dS m-1) 0.87 

AB-DTPA extractible nutrients  

P (mg kg-1) 3.80 

K (mg kg-1) 105 

Zn (mg kg-1) 0.86 
Data from Bhatti (2002) and Tariq et al., (2002) for Agricultural University Peshawar farm.  

 

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 (Tollenaar & Wu, 1999). 

On the other hand, lower than optimum plant density delays canopy closure with reduced 

interception of seasonal incident solar radiation (Westgate et al., 1997), leading to greater 

number of grains per plant, but lower grain yield per unit area (Andrade et al., 1999). 

However, response to plant population is dependent on location, variety and season. 

Different researchers have obtained greater yield at different PP. For example, Shapiro & 

Wortmann (2006) reported that maximum grain yield and yield response to applied N can 

be achieved with 62000 plants ha-1. Similarly, Nafziger (1994) found that maize hybrids 

were especially responsive to higher plant density under adequate rainfall but less 

responsive when there was insufficient precipitation. Bavec & Bavec (2002) also found 

an increase in grain yield with increasing PP.  

Various studies indicate that optimum fertilizers and plant populations provide better 

crop growth and yield (Workayehu, 2000). However, response to N fertilizer is variable 

depending upon amount and distribution of moisture, soil fertility and variety (Workayehu, 

2000). Many researchers have reported increase in grain yield and yield components due to 

application of high levels of N (El-Sheikh, 1998); Samira et al., 1998). Zeidan and Amany 

(2006) reported that applied N tended to improve plant growth and development of yield 

attributes which in turn results in increasing seed yield. Our results are supported by El-

Sheikh (1998) who reported that application of 160 kg N ha-1 significantly increased grain 

yield of maize. Likewise, Zeidan and Amany (2006) reported that maize grown in soil 

amended with 140 kg N ha-1 gave the highest yield compared with the control. They 

ascribed the increase in yield to increased availability of N which causes accelerated 

photosynthetic rate and thus leading to the production of more carbohydrates. In similar 

fashion, Killorn & Zourarakis (1992) reported least yield of hybrid maize from control plots 

and improved yield from the higher rate of N (196 kg ha-1). However, our results do not 

agree with Kayode & Agboola (1981) who reported that optimum N required for maize 

varies between 50 and 100 kg ha-1. Similarly, Shapiro & Wortmann, (2006) found that grain 

yield regularly increased with application of 84 kg N ha-1 but response to higher rates of N 

was inconsistent.  
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Table 2. Grain yield, biological yield and harvest index of maize as affected by 
plant population and nitrogen levels and methods of application. 

Plant population (PP) 
Grain yield 

(kg ha-1) 

Biological yield 
(kg ha-1) 

Harvest index 
(%) 

45,000 4823 c 13243 c 36.8 c 
60,000 6422 b 15212 b 42.9 b 
75,000 8097 a 18303 a 44.4 b 
90,000 8490 a 18408 a 46.6 a 
LSD 689.9 1171 1.871 
Nitrogen levels (N)    
80 kg ha-1 6715 a 15203 b 43.7 
120 kg ha-1 6943 ab 16530 a 42.3 
160 kg ha-1 7216 a 17142 a 42.4 
LSD 466.2 1352 NS 
Methods (M)    
Sole 6728 16047 b 42.3 
Two splits 6615 15865 b 42.8 
Three splits 6989 16961 a 42.9 
LSD NS 1352 NS 
Year 1 6930  16552  41.9  
Year 2 6986 16031 43.5 
Significance level NS * NS 
Interactions Significance   
PP x N NS NS NS 
PP x M NS NS NS 
N x M NS NS NS 
PP x N x M NS NS NS 
* = Significant at 5% level of probability; NS = Non-significant  

Means of the same category followed by different letters are not significantly different at 5% 

level of probability.  
 
Biological yield: Biological yield varied significantly with year, PP, N and M. However, 
none of the interactions was significant. Higher biological yield was recorded during first 
year than second year of the experiments. Biological yield increased with increase in PP 
from 4.5 to 7.5 plants m-2 but further increase in PP did not significantly enhance 
biological yield of maize. Higher biological yield (18408 kg ha-1) was recorded at PP of 9 
plants m-2 followed by biological yield (18303 kg ha-1) obtained at PP of 7.5 plants m-2 

which were statistically at same level with each other. Likewise, increase in N level from 
80 to 160 kg ha-1 improved biological yield but the N levels of 120 and 160 kg ha-1 
produced statistically similar biological yield. Maximum biological yield (17142 kg ha-1) 
was obtained at the highest N level of 160 kg ha-1 followed by N level of 120 kg ha-1 
where grain yield of 16530 kg ha-1 was recorded.  N application in three splits performed 
better than sole or two splits in terms of biological yield production in maize.  Our results 
agree with Gul et al., (2009) who reported that biological yield increased with increase in 
plant density. Our results are also in line with Alam et al., (2003) and Sikandar et al., 
(2007) who obtained higher biological yield at 80,000 and 95,000 plants ha-1, 
respectively. The results regarding N levels are also in line with Shapiro and Wortmann 
(2006) who reported that corn biomass increased with applied N. Similarly, Ogunlela et 
al., (1988) reported that growth and yield components in field grown maize were 
enhanced by nitrogen fertilization ranging from 50 to 200 kg N ha-1.  
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Table 3.  Ear characteristics of maize as affected by plant population and nitrogen 

levels and its methods of application. 

Plant population (plant ha-1) 
Grains rows 

ear-1 

Grains 

row-1 

Grains 

ear-1 

100-grain 

weight (g) 

45,000 13.5 30.4 409 32.2 ab 

60,000 13.0 31.2 406 31.8 ab 

75,000 13.4 31.1 415 33.2 a 

90,000 13.2 29.5 390 30.4 b 

LSD NS NS NS 2.456 

Nitrogen levels (N)     

80 kg ha-1 13.3 29.4 b 392 b 315 

120 kg ha-1 13.1 31.0 a 407 ab 322 

160 kg ha-1 13.4 31.1 a 416 a 320 

LSD NS 1.691 15.75 NS 

Methods (M)     

Sole 13.1 29.3 c 400 318 

Two splits 13.4 30.1 b 405 312 

Three splits 13.3 31.9 a 411 326 

LSD NS 1.691 NS NS 

Year 1 13.1  31.8 416  32  

Year 2 13.5 29.3 394 32 

Significance level NS NS NS NS 

Interactions     

PP x N NS NS NS NS 

PP x M NS NS NS NS 

N x M NS NS NS NS 

PP x N x M NS NS NS NS 
* = Significant at 5% level of probability; NS = Non-significant 

Means of the same category followed by different letters are not significantly different at 5% 

level of probability.  

 
Harvest index: Year as a source of variation significantly affected harvest index (HI) of 
maize. Similarly, HI also varied significantly with PP. The effects of N levels and 
methods were not significant. All the interactions were also not significant. HI was higher 
during second year of the experiments. Likewise, HI consistently increased with increase 
in PP from 4.5 to 9 plants m-2. Higher HI was recorded at PP of 9 plants m-2 followed by 
7.5 and 6 plants m-2 which were statistically at par with each other. Lower HI was 
recorded at the lowest PP of 4.5 plants m-2.   

Our results do not agree with Shapiro & Wortmann (2006) who found that HI 
decreased with increase in PP or HI was similar at all populations. Likewise, Workayehu 
(2000) reported that increasing PP from 25000 to 75000 plants ha-1 did not affect grain 
stover ration. Our results regarding N levels, however agree with Shapiro & Wortmann 
(2006) and Workayehu (2000) who observed that nitrogen rate did not affect HI but do 
not agree with Ogunlela et al., (1988) who reported that grain stover ratio increased as N 
fertilization rate was increased up to 100 or 150 kg ha-1.  

 

Ear characters: Year as a source of variation did not significantly affect any of the ear 

traits. PP also did not significantly affect grain row ear-1, grains row-1, grain ear-1 but 

significantly affected hundred grain weight of the maize crop. Grain weight was higher at 
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PP of 7.5 plants m-2 followed by PP of 4.5 and 6 plants m-2 and were all statistically at same 

level. Higher grain weight of 33.2 g was recorded for PP of 7.5 plants m-2 while minimum 

grain weight of 30.4 g was recorded for the highest PP of 9 plants m-2. In similar fashion, N 

level did not significantly affect any of the ear traits except grains row-1 and grain ear-1. 

Both grains row-1 and grain ear-1 increased with increase in N level from 80 to 160 kg ha-1 

but the N level of 120 and 160 kg ha-1 were statistically at par with each other. Higher 

number of grains row-1 (31.1) and grain ear-1 (416) were produced by N level of 160 kg ha-1 

followed by N level of 120 kg ha-1. Minimum number of grains row-1 (29.4) and grain ear-1 

(392) were produced by the lowest N level of 80 kg ha-1.  

The competition between maize plants for light, soil fertility and other environmental 

factors usually increase with increase in PP (Ali et al., 1994). Likewise, Bavec & Bavec, 

(2002) reported that number of grain rows and number of rows ear-1 significantly 

changed due to increase in PP. In similar fashion, many researchers observed that grains 

per ear usually decrease with increase in PP. For instance, Remission & Lucas, (1982) 

and Bavec and Bavec, (2002) noted that increase in PP decreased number of grains ear-1. 

On the other hand, lower than optimum PP delay canopy closure with reduced 

interception of seasonal incident solar radiation (Westgate et al., 1997), leading to greater 

number of grains per plant and therefore Remision & Lucas, (1982) reported that increase 

in PP did not affect number of grains row-1. Similarly, grain weight may not be (Tethio-

kagho & Gardner, 1988) or may (Hashemi-Dezfouli & Herbert 1992) be affected by PP. 

The results regarding N levels agree with Samira et al., (1998) who found that yield 

and yield components of maize were increased by increasing the rate of applied nitrogen. 

El-Sheikh (1998) reported that applying 160 kg N Fed-1 while Zeidan & Amany (2006) 

reported that soil amended with 140 kg N acre-1 significantly increased ear characters and 

grain yield of maize. Increased grain yield and yield components due to application of high 

N were also reported by El-Sheikh (1998); Griesh & Yakout, (2001); Samira et al., (1998). 

Maqsood et al., (2001) reported that nitrogenous fertilizer improves number of grain ear-1. 

Likewise, Maqsood et al., (2001) reported that N level of 120 kg ha-1 produced significantly 

higher thousand grain weight and Khan et al., (2005) recorded significantly higher cobs 

plant-1, 1000 grain weight, number of grains cob-1 and grain yield with 120 kg N ha-1.  

 

Conclusion 

 

Higher grain and biological yields and grain weight were obtained at PP of 7.5 plants 

m-2. Likewise, grain and biological yields, grains row-1 and grain ear-1 increased up to 120 

kg N ha-1. Nitrogen application method did not have any noteworthy effect. Therefore it 

can be inferred form the results that higher yield and ear characters were obtained at PP 

of 7.5 plants m-2 with N application of 120 kg ha-1.  
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