
 

 

 

  International Journal of Farming and Allied Sciences 
Available online at www.ijfas.com 

©2014 IJFAS Journal-2014-3-2/129-132/ 28 February, 2014 

ISSN 2322-4134 ©2014 IJFAS 

 

Response of straw and grain protein and nitrogen 
use efficiency in different plant densities and 

different nitrogen levels in maize (Zea Mays L.) 
hybrid 704 

 
N. Niknam1*, H. Farajee2, Hamideh Pourbehi3, Mehdi ZareKhormizi3, Amir Biranvand3 

 
1.   Former Msc. Student, Department of Agronomy, Faculty of Agriculture, Yasouj University, Iran 
2.   Assistant professor, Department of Agronomy, Faculty of Agriculture, Yasouj University, Iran 

3 .  Department of Entomology, Fars Science and Research Branch, Islamic Azad University, Fars Province, 
Marvdasht, Iran 

 
           Corresponding author: N. Niknam 

 
ABSTRACT: The objective of this study was to evaluate the effect of plant population and nitrogen rate 
on yield and straw and grain protein and nitrogen use efficiency of corn (Zea Mays L, hybrid 704) in 2008 
at Mamasani region, Fars Province. The experiment was conducted as a factorial based on randomized 
complete block design with three replications. In this study four plant population (75000, 90000,105000, 
and 130000 plant ha-1) and three nitrogen levels (200, 300 and 400 kg ha-1) were investigated. Grain 
yield was significantly increased from 12910 to 16890 kg ha-1 by increasing plant population from 75000 
to 130000 plant ha-1. Maximum protein grain (6.9 g kg-1) was obtained from application of 400 kg N ha-
1. Straw protein was significantly increased from 6.428 to 6.965 g kg-1 by increasing nitrogen application 
from 200 to 400 kg ha-1. Maximum N Utilization Efficiency (NUtE) (32.32 kg/kg) were obtained from 
density of 130000 plant ha-1 and Minimum N Utilization Efficiency (NUtE) (30.11 kg/kg) were obtained 
from density of 75000 plant ha-1  Maximum  N Utilization Efficiency (NUtE) (32.65 kg/kg) were obtained 
from application of 200 kg N ha-1 and Minimum N Utilization Efficiency (NUtE) (30.07 kg/kg) were 
obtained from application of 400 kg N ha-1. In summary, density of 130000 plants per hectare with 
consumption of 200 kg nitrogen per hectare will be introduced as the most appropriate treatment. 
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INTRODUCTION 
 

 Many factors affect crop yield in a region .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, and proper management of 
nitrogen fertilizer is a way to increase the efficiency of nitrogen fertilizers. Through the efficient use of nitrogen 
fertilizer plants, fertilizers have dramatically reduced the environmental hazards (Sepehr et al., 2008). 
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 Nitrogen is one of the important factors to achieve maximum yield of corn in each region. It is reported that 
corn can absorb 300-350 kg N ha of soil (Villar-Mir, 2002). In another study have been reported using 0f 185 kg per 
hectare for the highest yield (Gehl, 2005). 
 Reducing fertilizer use, reducing production costs and environmental pollution has caused, but can cause yield 
losses of (cassman, 2003). Nitrogen fertilizers in Western Europe since 1978 has not changed significantly, but 
increased grain nitrogen use efficiency (Hatfield, 2004). The highest nitrogen use efficiency belonged to the highest 
density. Which indicates good potential for 704 hybrid production under favorable nitrogen and plant density is 
higher (Lack, 200). 
 Applying the proper planting density of maize plants play an important role in the efficient use of inputs is used. 
Grain yield was significantly increased from 2427 to 2925 kg ha

-1   
by increasing plant population from 40000 to 

80000 plant ha
-1

 (Arif et al., 2010). 
 There is not accurate information of the appropriate amount of nitrogen and plant density among farmers in 
Mamasani city of Fars province. The present study aimed to investigate the effect of plant density and nitrogen rate 
on yield, grain protein and straw yield and nitrogen use 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.  
 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.Kldal device was used to measure protein (Emami, 1996). 
 In order to calculating nitrogen utilization efficiency (NUtE), at each replication, 4 plant populations 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. 

plantofuptakenitrogenTotal

yieldgrain
kgkgNUtE  )( 1

 
 

RESULTS AND DISCUSSION 
 

 Grain yield was significantly increased from 12910 to 16890 kg ha
-1   

by increasing plant population from 75000 
to 130000 plant ha-1. Density increased by reducing the spacing between rows, resulting in better use of light by 
plants during the growing season, respectively. Cox and Cherny, 2001 reported that grain yield increased with 
decreasing row spacing, that the results were consistent with this research. 
 Maximum protein grain (6.9 g kg-1) was obtained from application of 400 kg N ha

-1
. Since the amount of 

nitrogen required for maximum yield was 200 kg N ha, the higher nitrogen content, protein content was increased. 
Increases from zero to 120 kg N ha increased grain protein (Oike et al, 1998), that consistent with result of this 
research. 
 Straw protein was significantly increased from 6.428 to 6.965 g kg-1 by increasing nitrogen application from 
200 to 400 kg ha

-1 
. Maximum N Utilization Efficiency (NUtE) (32.32 kg/kg) were obtained from density of 130000 

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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plant ha
-1 

and Minimum N Utilization Efficiency (NUtE) (30.11 kg/kg) were obtained from density of 75000 plant ha
-1  

Maximum  N Utilization Efficiency (NUtE) (32.65 kg/kg) were obtained from application of 200 kg N ha
-1 

and 
Minimum N Utilization Efficiency (NUtE) (30.07 kg/kg) were obtained from application of 400 kg N ha

-1  
. (Lak and 

colleagues,2006) reported that nitrogen use efficiency, decreased with increasing fertilizer. Usually the highest 
performance with the first absorption of nutrients (fertilizer) unit is obtained. (Mol et al., 1982) stated that the 
following law of Descending efficiency with increasing fertilizer consumption reduces the efficiency of fertilizer use. 
 

Table1. Analysis of variance for ,Grain yield, Grain protein, Straw protein, Nitrogen use efficiency 

Nitrogen use efficiency 
 

Straw 
protein 
 

Grain protein 
 

Grain yield 
df 
 
 

S.O.V 

2.9
ns 

0.2 
ns 

0.2
 ns

 53032.9
 ns

 2 Replication 

7.9* 0.3
 ns 

0.9
ns

 27049274.4
* 

3 Density 

20.1* 0.9
 
* 0.8*

 
700108.2

 ns
 2 Nitrogen 

7.9*
 

0.8*
 

0.4
 ns

 863227.1
 ns

 6 Nitrogen*Density 

2.5
ns

 0.2
 ns

 0.4
 ns

 407002.6
 ns

 22 Error 

5.1 6.2 5.2 4.3  Cv 
ns,

 
*
 and 

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

 
Table2.  Mean comparison plant density and nitrogen rate for Grain yield (GY), Grain protein, straw 

protein, NUtE 
NUtE(kg/kg) straw protein(gr/kg) protein(gr/kg) Grain yield(kg/ha) Treatment 

    Density 

30.1b 7a 12.8a 12910d 75000 

31.1ab 6.7ab 12.6a 13800c 90000 

31.7ab 6.6ab 12.2a 15150a 105000 

32.3a 6.5b 12.7a 16890a 130000 

    Nitrogen 

32.7a 6.4b 12b 14630a 200 

31.2b 6.7ab 12.4b 14480a 300 

30.1b 7a 13a 14950a 400 

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

 
Table 3. Mean comparison interaction of plant density and nitrogen rate on 
Grain protein, straw protein, NUtE 

Straw 
protein(gr/kg) 

Grain 
protein(gr/kg) 

Nitrgen(kg) Density(kg/ha) 

5.9d 12.2bc 200  

7.2ab 12.7abc 300 75000 

7.8a 13.7a 
400 
 

 

6.8bc 12.6abc 200  

6.7bcd 12.8abc 300 90000 

6.5bcd 12.5abc 
400 
 

 

6.6bcd 11.8bc 200  

6.7bcd 12.1bc 300 105000 

6.6bcd 12.8abc 
400 
 

 

6.4cd 11.5c 200  

6.2cd 12.1bc 300 130000 

7bc 12.9ab 
400 
 

 

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