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ABSTRACT: The object of present study was to evaluate the effect of plant population and nitrogen rate 
on yield and nitrogen efficiency indexes of maize (Zea mays L, hybrid 704) in Mamasani region, Fars 
Province at 2008. The experiment was conducted as factorial based on completely randomized block 
design with three replications, with four plant population (75000, 90000,105000, and 130000 plant ha

-1
) 

and three nitrogen rates (200, 300 and 400 kg ha
-1

). Results indicated that Grain yield was significantly 
increased from 12910 to 16890 kg ha-1 by increasing plant population from 75000 to 130000 plant ha-1. 
Nitrogen rates and its interaction with plant population had no significant effect on grain yield. By 
increasing plant population from 75000 to 130000 plant ha

-1
 physiological efficiency increased from 31.5 

to 45.5, and with increasing nitrogen rate from 200 to 400 kg ha
-1

 decreased from 43.1 to 32.7. With 
increasing plant population from 75000 to 130000 plant ha

-1
 agronomic efficiency increased from 11.3 to 

22.5, and with increasing nitrogen rate from 200 to 400 kg ha
-1

 decreased from 22.1 to 10.8. With 
increasing plant population from 75000 to 130000 plant ha

-1
 Apparent Efficiency increased from 25.3 to 

48.6, and with increasing nitrogen rate from 200 to 400 kg ha
-1

 decreased from 50.8 to 32.6. According 
to the results of the present study, population of 130000 plant ha

-1
 and 200 kg nitrogen ha

-1
 is 

recommended for maximum yield in the region. 
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INTRODUCTION 

 
 Increase crop yields along with environmental protection and human health and prevent of water pollution due 
to the correct use of nitrogen fertilizers. Nitrogen fertilizers are often mobile in the soil, which many undesirable 
effects, such as contamination of groundwater and soil are seeking (Di Pascal et al 2006). In Iran, for several 
reasons, including lack of familiarity with the meaning of plant nutrition, nitrogen use efficiency is very low 
(Farahmand et al, 2006). Thus, large amounts of nitrogen fertilizers such as urea, nitrate pollution are a threat to 
human health caused by surface water is drinkable (Townsend et al 2003). 
 Physiological and agronomic performance of high-yielding varieties, crop rotation, proper management of 
nitrogen fertilizer is a way to increase the efficiency of nitrogen fertilizers. Through the efficient use of nitrogen 
fertilizer plants, fertilizers has dramatically reduced the environmental hazards (Sepehr et al 2008). 
 Nitrogen efficiency is formed from nitrogen uptake efficiency (recovery), use efficiency (physiological) and the 
efficiency of utilizing (agronomy). Agronomic efficiency is the product of the absorption efficiency of nitrogen and 
use efficiency. Nitrogen uptake efficiency, the proportion of nitrogen in the biomass to the nitrogen in the soil, and 
that the total nitrogen applied, how it is accumulated in biomass production. Nitrogen use efficiency, economic 
output per unit of body nitrogen in biomass is recycled. Finally, nitrogen use efficiency is the amount of nitrogen in 
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the soil for economic organs. Use efficiency is positively correlated with Efficiency of nitrogen uptake and utilization 
efficiency, but the efficiency of absorption and utilization, together with a weak negative correlation (Xie et al 2006). 
Reducing fertilizer use, lower manufacturing costs and environmental pollution followed, but the performance will 
decrease (Kasmn et al, 2003).  
 Nitrogen rate and narrow rows increased total dry matter (DM), grain yield, and N accumulation. Relative 
responses to narrow rows decreased as nitrogen availability increased. The nitrogen use efficiency (NUE) 
decreased with nitrogen rate and increased with narrow row spacing. Narrow rows increased NUE by 12 and 15% 
expressed as DM or grain yield per unit of available nitrogen, respectively. Physiological efficiency decreased with 
N rate and was not affected by row spacing. Recovery efficiency (RE) decreased with increasing nitrogen rate, and 
increased for the narrow row spacing. The effect of narrow rows on RE decreased as nitrogen availability 
increased. Narrow rows increased NUE largely as a result of increased RE. These increments in RE could 
contribute to increase the profitability of maize production and to diminish the risk of environmental pollution. 
(Barbieri et al, 2006). In general, plant nitrogen uptake response to nitrogen rate, and plant population at various 
growth stages seemed to be more related to an increased dry matter production than to an increase in nitrogen 
concentrations in plants (Al-Kaisi and Xinhua, 2003). Halvarson et al (2005), Pikul et al (2005), O

,
 Neill et al (2004) 

showed that NUE decreased with applied nitrogen. Paolo and rinaldi (2008) reported that the overall NUE mean 
value of 26 of grain yield per g of available N found in his study.  
 Plant density is another important factor in crop yield and nitrogen efficiency in a region. In this regard, the use 
of proper planting density of maize plants play an important role in the efficient use of inputs is used. By choosing 
the optimum plant density can reach optimal performance. Charls and charls (2006) reported that reducing row 
spacing from 76 to 56 cm ¬ m planting corn rose 4 percent. The ways to increase LAI are through increased 
planting density and adequate N supply. The Plant density affects the post-flowering source/sink ratio through its 
effects on plant leaf area, the amount of light intercepted per plant and kernel number per plant (Borrás et al, 
2003). Recent research reports a steady increase in corn grain yields

 
in the Midsouth USA with increases in plant 

populations up to
 
76500 plants ha

–1
 using a 102-cm row width (Bruns and Abbas, 2003). Farnham (2001) reported 

plant population of 90000 plants per hectare is optimum density of corn. Charls and charls  (2006) showed a 4% 
increase in yield for corn grown in 76-cm row spacing compared with 56-cm row spacing. Excessive plant 
populations induce moisture and nutrient stress on individual corn plants,

 
which increases their susceptibility to 

mycotoxin producing
 
fungi (Bruns, 2003). When row width was narrowed from 76 to 56 cm, the percentage of stalk 

lodging increased slightly (widdicomb and thelen, 2002). Grain yields did not increase as plant densities
 
increased 

above 71760 plants ha
–1

 (Bruns and Abbas, 2005). Optimum plant densities for wide (76 cm) and narrow (38 cm) 
row spacing are similar. There does not seem to be any advantage to adjusting plant density either higher or lower 
as the distance between rows narrows from 76 to 38 cm (dale, 2001). At supra-optimal Plant population, the 
number of kernels per ear, mean kernel weight, and cob length were reduced (Bavec and Bavec, 2002).  
There is not accurate information of the appropriate amount of nitrogen and plant density among farmers in 
Mamasani city of Fars province. The amount of nitrogen was high.  
 Now, the question is that whether we can increase the plant population in the conditions of high nitrogen 
consuming? Whether the other limiting factors would not affect the performance? So, meanwhile this research 
answering to the required level of nitrogen and determine the appropriate plant population of planting corn, it 
studying relationship between plant population and nitrogen rate on corn yield and nitrogen efficiency. 
 

MATERIALS AND METHODS 
 

 The experiments performed 2008 at Mamasani, Fars Province, Iran. The experimental design was a 
randomized complete block replicated three times with the treatments arranged in a 3 x 4 factorial. Individual plots 
consisted of six rows 6 m long and a combination of one N fertility treatment (200, 300 or 400 kg N ha–1) and one 
plant population (75000, 90000, 105000 or 130000 plants ha–1). The Soil was calcareous and has a PH = 7.66 of 
saturated paste, EC= 2.44, Total N=0.12%, olsen-p= 20.6 mg kg-1, ammonium acetate extractable 450 mg kg-1, 
organic C 1.17%, Calcium carbonate equivalent (CCE), 49%; clay, 44.8%; Silt, 45.6%, and sand 9.6%. 
P and K fertilizer were applied preplanting based on soil tests and yield goals of 12.5 Mg ha–1 of grain. The 
sources of N fertilizer were urea.  
 Planting occurred 15 jun. The hybrid seed used of the experiment was 704, which was one of the more popular 
hybrids grown in the region. Weed control was achieved by a pre-emergence application of Bicep1 (Monsanto Co., 
St. Louis, MO) {atrazine [2-chloro-4-(ethyl amino)-6-(isopropylamino)-s-triazine] + metolachlor [2-chloro-N-(2-
methoxy-1-methylethyl)acetamide] at 2.24 and 1.68 kg a.i. ha–1, respectively}. The irrigation was performed 
according to the needs of plant. Approximately 25 mm ha–1 of water was applied with each irrigation.  

http://crop.scijournals.org/cgi/content/full/cropsci;46/5/1860?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&title=response+of+a+leafy+and+non-leafy+maize+hybrid+to+population+densities+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#BIB7
http://crop.scijournals.org/cgi/content/full/cropsci;46/5/1860?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&title=response+of+a+leafy+and+non-leafy+maize+hybrid+to+population+densities+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#BIB7
http://agron.scijournals.org/cgi/content/full/97/4/1136?maxtoshow=&HITS=150&hits=150&RESULTFORMAT=&title=Ultra-high+plant+population+and+nitrogen+fertility+effects+on+corn+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&fdate=1/1/2000&resourcetype=HWCIT#BIB7
http://agron.scijournals.org/cgi/content/full/93/5/1049?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=Row+spacing%2C+plant+density.+Hybrid+on+corn&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#BIB3
http://agron.scijournals.org/cgi/content/full/97/4/1136?maxtoshow=&HITS=150&hits=150&RESULTFORMAT=&title=Ultra-high+plant+population+and+nitrogen+fertility+effects+on+corn+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&fdate=1/1/2000&resourcetype=HWCIT#BIB6
http://agron.scijournals.org/cgi/content/full/97/4/1136?maxtoshow=&HITS=150&hits=150&RESULTFORMAT=&title=Ultra-high+plant+population+and+nitrogen+fertility+effects+on+corn+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&fdate=1/1/2000&resourcetype=HWCIT#BIB7
http://crop.scijournals.org/cgi/content/full/cropsci;46/5/1860?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&title=response+of+a+leafy+and+non-leafy+maize+hybrid+to+population+densities+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#BIB4
http://agron.scijournals.org/cgi/content/full/97/4/1136?maxtoshow=&HITS=150&hits=150&RESULTFORMAT=&title=Ultra-high+plant+population+and+nitrogen+fertility+effects+on+corn+&andorexacttitle=and&andorexacttitleabs=and&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&fdate=1/1/2000&resourcetype=HWCIT#FN1
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Final plant populations were determined by counting the plants contained in the two middle rows of each plot at 
growth stage R6 (physiological maturity). The grain samples were then dried at 30°C for 18 h and used to 
determine kernel weights. Kernel weights were determined for each plot by hand counting and weighing 100 sound 
kernels. Leaf area was measured from five plants of the seventh row at 6 stages using a Leaf Area Meter. After leaf 
area measurement, all leaves, stalks, ear and the tassel were dried at 70°C for 72 h and dry weights were 
determined. 
 In order to calculating different indexes of nitrogen efficiency such as nitrogen physiological efficiency (NPE), 
nitrogen agronomic efficiency (NAE), nitrogen apparent efficiency (NRF), nitrogen harvest index (NHI) and nitrogen 
utilization efficiency (NUtE), in a big plot at each replication,4 plant population with nitrogen level of 0,  were 
exerted. The aforesaid efficiency based on the proposed relationships by Lopes-Bellido and Lopes-Bellido (2001) 
was performed as follows. 
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 The data were analyzed by analyses of variance using PROC GLM, standard errors of the mean using PROC 
MEANS, simple linear regression using PROC REG (SAS version 9.1, Cary, NC). All treatment means were 
compared using the Duncan Multiple Range Test at the 0.05 probability level. 
 

RESULTS AND DISCUSSION 
 

Grain yield and component yield 
 The effects of plant population, nitrogen application and their interaction on 1000 kernel weight become 
significant (table 1). With increasing plant population from 75000 to 130000 plant ha-1, kernel weight significantly 
decreased from 290.8 to 269.0, and with increasing nitrogen rate from 200 to 400 kg ha-1, 1000 kernel weight 
significantly increased from 269 to 287 gr. Density of 75000 plant ha-1 and application of 400 kg ha-1 has 
maximum 1000 kernel weight about 301.7, and the density of 105000 and application of 300 kg N ha-1 about 263.4 
gr has minimum 1000 kernel weight. That similar to finding Widdicom and Thelen (2002).  
With increasing nitrogen rate from 200 to 400 kg ha-1, 1000 kernel weight significantly increased from 269 to 287 
gr (table 2). There are different reports about positive effect of nitrogen on grain weight and grain yield of corn 
(Osborn, 2002). 
 With increasing plant population from 75000 to 130000 plant ha-1, number of seeds per ear significantly 
decreased from 491 to 358. Nitrogen levels as well as its interaction with plant population had no significant effect 
on the number of seeds per ear. 
With increasing plant population from 75000 to 130000 plant ha-1, number of ear per m2 significantly increased 
from 7.4 to 12.9.  
 Nitrogen levels as well as its interaction with plant population had no significant effect on the number of seeds 
per ear. 
 The effect of plant population on grain yield was significant (table 1). With increasing plant population from 
75000 to 130000 plant ha-1, grain yield significantly increased from 12915 to 16893 kg ha-1. It was showed that 
with increasing plant population from 75000 to 130000 plant ha-1, 1000 kernel weight and grain per ear 
significantly increased, but increased number of grain increased grain yield.   
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Table1.Analysis of variance for 1000 kw, Grain per ear, Ear per m
2
, Grain yield (GY), NPE, NAE, NRF, NHI 

S.O.V df 1000 kw Grain per ear Ear per m
2 

GY NPE NAE NRF NHI 

Replication 2 11.6
ns

 288.6
 ns

 0.1
 ns

 53032.9
 ns

 24.6
ns 

2.1
ns 

26.6
ns 

10.0
 ns

 

Density (D) 3 822.4
** 

13967.0 49.5 27049274.4
* 

414.8
* 

235.8
* 

338.7
* 

9.4
 ns

 

Nitrogen (N) 2 964.7
** 

1328.1
 ns

 0.1 700108.2
 ns

 332.9
* 

423.0
* 

1105.5* 2.6
 ns

 

D * N 6 161.0
* 

1043.3
 ns

 0.1 863227.1
 ns

 19.3
 ns

 13.0
ns 

23.5
 ns

 14.4
* 

Error 22 29.7
ns 

680.8
 ns

 0.1 407002.6
 ns

 36.7
 ns

 8.1
 ns

 44.5
 ns

 3.4
 ns

 

cv  2 4.7 3.0 4.3 16.3 18.5 16.7 2.7 
ns,

 
*
 and 

**
: non-significant, significant at 0.05 and 0.01 probability levels, respectively 

 

Table2. Mean comparison for 1000 kw, Grain per ear, ear per m
2
, Grain yield (GY), NPE, NAE, NRF, NHI 

Treatment 1000 kw Grain per ear ear per m
2
 Grain yield NPE (NAE) NRF NHI 

density         

75000 290.8a 584.3a 7.4d 12910d 31.5b 11.3c 35.3b 66.9a 

90000 281.0ab 560.1b 8.9c 13800c 31.8b 12.0c 36.0b 68.1a 

105000 273.3b 545.9bc 10.3b 15150a 40.1a 15.9b 40.1b 67.2a 

130000 269.0ab 491.3c 12.9a 16890a 45.5 22.5a 48.6a 68.2a 

 
nitrogen 

        

200 269.3a 537.4b 9.8a 14630a 43.1a 22.1a 50.8a 68.1a 

300 278.3a 541.5b 9.9a 14480a 36.0b 13.4b 36.6b 67.2a 

400 287.3a 557.3a 10.0a 14950a 32.7b 10.8c 32.6b 67.5a 

Mean followed by similar letters are not significantly different (p<0.05) - Using Duncan Multiple Range Test (DMRT) 

 
 Widdicomb and Thelon (2002) reported Row width was inversely correlated with grain yield.  
Nitrogen rates and its interaction with plant population had no significant effect on grain yield. Al-kaisi and Xinhua 
(2003), Cox, and Cherney (2001), Blumenthal et al (2003), Bruns and Abbas (2005) and Subedi et al (2006) also 
reported similar results. 
 
Nitrogen efficiency indexes 
 With increasing plant population from 75000 to 130000 plant ha

-1
 physiological efficiency increased from 31.5 

to 45.5, and with increasing nitrogen rate from 200 to 400 kg ha
-1

 decreased from 43.1 to 32.7. With increasing 
plant population from 75000 to 130000 plant ha

-1
 nitrogen agronomic efficiency increased from 11.3 to 25.5 It was 

showed that with increasing plant population from 75000 to 130000 plant ha
-1

, grain yield significantly increased. 
Because of the direct relationship between grain yield and nitrogen agronomic efficiency, with increasing of plant 
population, nitrogen agronomic efficiency is also increased.With increasing nitrogen rate from 200 to 400 kg ha

-1
 

nitrogen agronomic efficiency decreased from 22.1 to 10.8. As it was showed Nitrogen rates had no significant 
effect on grain yield, so with increasing nitrogen rate from 200 to 400 kg ha

-1
 nitrogen, agronomic efficiency 

decreased. Halverson et al (2005), Pikul et al (2005) and O
,
Neill et al (2004) showed that nitrogen use efficiency 

decreased with applied nitrogen. By increasing plant population from 75000 to 130000 plant ha
-1

 nitrogen Apparent 
Efficiency increased from 25.3 to 48.6 and with increasing nitrogen rate from 200 to 400 kg ha

-1
 decreased from 

50.8 to 32.6. With attention to the indirect relationship of nitrogen Apparent Efficiency and nitrogen consumption, 
high nitrogen consumption of nitrogen Apparent Efficiency decreased. 
Nitrogen rates and plant population had no significant effect on N Harvest Index (NHI). The density of 75000 and 
application of 200 has maximum N Harvest Index about 70.7 kg kg

-1
, density of 75000 and application of 400 has 

minimum N Harvest Index about 65.0 kg kg
-1

. 
Fred et al (2009) reported that increased fertilizer nitrogen generally decreased NUE, N uptake efficiency, N 
utilization efficiency. 
  

CONCLUSION 
 

 The results obtained from this research showed that the level of desirable plant population for achieving 
maximum yield and yield components in Mamasani region is 130000 plant ha

-1
, that this is more than average 

amount of planted by most farmers of region. Also, the most desirable level of nitrogen in experiment was 50 
percent less than the amount of consumed nitrogen by farmers of region. It is recommended decreasing of nitrogen 
consumption, the plant population increases at region. For more assurance of experiment result, repetition of it with 
less levels of nitrogen and high levels of plant population is proposed.  
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