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ABSTRACT 
 

In order to evaluate the effects of different nitrogen levels and plant densities on grain and oil yields of 
Canola cv. Hayola 401, a field experiment was conducted in 2008 cropping season in Khouzestan province, 
south west of Iran. The experiment was designed as a split-plot using Randomized Complete Block Design 
(RCBD) with four replications. The nitrogen application rates (80, 96 and 115 kgNha-1) were assigned in the 
main plots and the sub-plots consisted of three plant densities (50, 70, and 90 plant m-2). Results showed that the 
increase in nitrogen consumption from 80 to 115 kgha-1 leads to an increase in grain yield, oil percentage and oil 
yield, harvest index, biological yield, the number of pod per area unit and the 1000-grain weight, but grain per 
pod declined. The highest grain and oil yields were seen in the treatment including 115 kgNha-1 which 
respectively yield an average 414 and 179.8 gm-2. The different densities had a significant effect on grain and oil 
yields, oil percentage, pod per area unit and also the biological yield; whereas, the grain per pod and harvest 
index were not affected by the plant density treatment. The highest grain and oil yields belonged to 90 plant 
density per m-2 (an average was respectively 443 and 177.6 gm-2). The interaction effects of nitrogen and plant 
density were significant on oil percentage and the 1000-grain weight; on other hand, the interaction effects of 
these treatments were not significant on other yield components. The highest oil percentage and 1000-grain 
weight belonged to the treatment of 115 kgNha-1 and 90 plant m-2. Results maintained that in Khouzestan 
province climate conditions, through increasing nitrogen and plant density, there is an opportunity to improve 
the grain and oil yields of Canola. 
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Introduction 
 

Oil seeds are the second main food resource in 
the world after cereals. They contain a rich repertoire 
of fat acids and protein. Canola is one of the most 
important oil plants which contains more than 40 
percent of nourishing oil, and has a noticeable value. 
Nitrogen is the most important nutrient for the plants 
and its lack is influences all of the farms, unless it is 
provided through fertilizers [1,19,20,21,22,23]. 

Nourmohammadi et al., [2] claimed that an 
optimized nitrogen consumption entails more 
productions. When it is consumed sufficiently, it 
would boost both the quality and the quantity of the 
crops [2]. In favorable conditions, a higher 
consumption of nitrogen is needed and in 
unfavorable conditions that canola yield potential is 
low, would entail a less amount of fertilizer[3]. 

Taylor et al., [4] expressed that the grain yield 
increase was caused by the increasing amount of 
nitrogen; however a significant decline in oil 
percentage was seen[4].  

Patel et al., [5] said that a significant increase in 
nitrogen would boost the grain yield [5]. Gill and 
Narang [6] believed that an increased amount of 
nitrogen would increase yield and yield components. 
The highest  oil yield per area unit is due to an 
increase in nitrogen consumption[6]. Cheema et al., 
[7] claimed that by increasing nitrogen consumption, 
the leaf area index and total dry matter increased 
significantly compared to the control treatment. Also, 
grain and oil yields increased significantly by 
increasing the number of pods per plant and grains 
per pod [7]. Nitrogen fertilizer is the most important 
factor in both growth and crop quality. It intensifies 
the metabolically processes, activation of meristems, 
and the remobilization of assimilates to the grain [8].   
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 Morrison et al., [9] reported the effect of 
density on oil amount to be in significant[9]. 

Shariati and Kouchaki [10] reported that at high 
densities, with the increase in grain yield, oil yield 
rises because oil yield is the function of grain yield 
and oil percentage[10]. Cheema et al., [7] studied the 
effect of row distance and nitrogen on the agronomic 
traits and oil grain quality of canola and reported that 
as nitrogen and density increase, number of grains 
per area unit and grain  and oil yields increased too, 
but the 1000-grain weight and the number of grains 
per pod were not affected, as nitrogen increased, the 
oil percentage declined[11]. Results from Sharief and 
Keshta [12] showed that the increase in density 
following the intense competition between the plants 
for light absorbtion, water and nutrients would 
reduce the number of pods and also the grain yield in 
a plant;  however as the number of plants increased, 
grain, oil, and biological yields intensified[12]. 
Karam Zadeh et al., [13] announced that as the 
density intensifies, oil and grain yield decreased[13]. 
Cheema et al., [7] reported the highest grain yield 
obtained from maximum plant density and nitrogen 
consumption[7]. Ghadicolaei et al., [14] studied the 
effect of plant density and nitrogen on Canola and 
claimed that as the density was increased from 65 to 
95, the plant growth period climbed as well. The 
interaction between nitrogen and plant density would 
increase the grain and oil yields too[14]. 

The objective of this study was to determine the 
effects of nitrogen and plant density on grain and oil 
yields of canola cv. Hayola 401 in Khouzestan (south 
west of Iran) climate conditions. 

 
Materials and Methods 

 
The effects of different levels of nitrogen and 

plant density on grain yield, yield components and 
other features of canola were assessed in 2008 
cropping season in the experimental field of Science 
and Research Branch, Islamic Azad University, south 
west of Iran (32°20' N, 40°20' E and altitude 22.5m) 
with moderate winters and hot summers. The soil 

texture was silty clay loam. The organic matter was 
less than 1% (0.94%). The soil pH was 7.22 and soil 
electrical conductivity (Ec) 2.7 dsm-1.  

The study was a split-plot experiment, using 
Randomized Complete Block Design (RCBD) with 
four replications. Three nitrogen levels consisting of 
80(N1), 96(N2) and 115(N3) kgNha-1 were 
considered as the main plots and the subplots 
included of three plant densities, 50 (D1), 70 (D2), 
90 (D3) plants m-2. 

Nitrogen fertilizer was applied as urea (46%N). 
Prior to planting, 60 kg of P2O5 and 60 kg of  K2SO4 
per hectare were added. 9 lines in each part were 
planted and the distance was 35 cm. Total dry matter, 
grain yield and the yield components and grain oil 
were measured after physiological maturity by 
harvesting the interior rows (the outer rows 
excluding at least 0.5 m from either end of the rows). 
Harvest index(%) = [Grain yield(g m-2)/Biological 
yield(g m-2)]  × 100 
Oil yield= Grain oil (%) × grain yield (gm-2) 

Statistical analysis was conducted using the 
MSTATC and Minitab statistical softwares. 
Differences between means were assessed using the 
Duncan's Multiple Range Test. Pearson correlation 
analysis was also conducted among different 
variables. 

 
Results and Discussion 
 

During the growth season, the leaf area index 
did not grow much as a consequence of high nitrogen 
amounts than with low amounts; this difference 
became noticeable after 55 days following its 
planting(figure 1). This ascending pattern continued 
after 95 days. An increase in nitrogen consumption 
led to an increase in the number, the size, and the age 
of leaves. After this stage, a descending pattern 
showed up in all the treatments but this decline was 
more obvious in the lower amounts of nitrogen. As 
the density increased, the leaf area index increased as 
well; the highest leaf area index was related to 90 
plant m-2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Effect of different levels of nitrogen on leaf area index. 
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Fig. 2: Effect of different plant density on leaf area index. 
 
Yield Components: 
 

The effects of different nitrogen levels and plant 
density were significant on the number of pods per 
area unit (Table 1). As nitrogen was used up more, 
the number of pods per plant increased too, treatment 
including 115 kgNha-1 with the average of 109 pods 
had the maximum pods per plant (Table 2). There 
was a positive correlation between the number of 
pods per plant and the 1000-grain weight. There was 
also a negative and insignificant correlation between 
the number of grains per pod and the number of pods 
per plant (Table 4). As the nitrogen consumption 
increased, the flowers fertility rose too. Moreover, 
due to the increase in leaf area index and 
photosynthetic material, a decline in the abortion of 
flowers and young pods was seen. The results of 
Ghanbari Malidarreh [15] are in line with these 
findings [15]. As the density increased, the number 
of pods fell (Table 2). Following the increased 
density, the space vital for the plants growth and also 
the amount of radiation as well as nutrients, the 
produced reproductive branches and vegetative 
growth decreased and the development of leaf area 
increased. Consequently, the plants produced fewer 
flowers, and since the number of flowers has a direct 
impact on the number of pods, eventually the number 
of pods per plant fell (Table 2). Karamzadeh, et al., 
[13] and Majnoun Hosseini, et al., [16]  findings are 
in accordance with these results [13,16]. The 
interaction effects of nitrogen and plant density were 
not significant on pods per plant (Table 1). As more 
nitrogen was consumed, the 1000-grain weight 
increased (Table 2). The highest 1000-grain weight 
was by the treatment including 115 kgNha-1 (Table 
2). with the increase in nitrogen consumption, due to 
arise in needed nutrients and leaf area expansion, the 
capability to do photosynthesis and the storage of 
photosynthesized matter increased and were 
produced the heaviest grain. The results of Karam 
Zadeh et al., [13] and Saleem et al., [17] were 
conform with results of this study [13,17]. The 

effects of different nitrogen levels, density, and their 
interaction effects were not significant regarding the 
number of seeds per pod (Table 1). 
 
Biological Yield: 
 

In contrast to the interaction effect between 
nitrogen and plant density, the effect of nitrogen and 
the plant density on the biological yield was 
significant (Table 1). As the nitrogen consumption 
increased, the biological yield rose too. The highest 
biological yield was seen with an average of 1155 
gm-2 by applying 115 kgNha-1 (Table 2). A rise in 
nitrogen would have an effect on the height and 
growth and can also increase the reproductive 
branches which in turn would lead to the production 
of dry matter in the plant. The findings of Patel et al., 
[5] are in accordance with these results [5]. As the 
density increases, the biological yield climbs as well. 
The highest  biological yield was seen in the 90-plant 
density per m-2 with an average of 1283 gm-2 (Table 
2). As the number of plants per area nunit went up, 
shadowing increased and the competition between 
the plants led to a decline in the leaf area size along 
with the absorbed radiation by each plant. It also 
triggered a competition for nutrients, water, CO2, and 
the sun light, which in turn the reproductive 
development in the plants and slimmer branches 
were produced compared to lower densities. 
Eventually, the weight of each plant decreased, but 
this decline was compensated when the number of 
plants increased and the total dry matter rose too. 
 
Grain yield: 
 

Results showed that the effect of nitrogen was 
significant concerning the grain yield. Using 115 
kgNha-1 with an average yield 414 gm-2 resulted in 
the maximum yield (Tables 1,2). The most noticeable 
effect of applying nitrogen was through increasing 
the number of pods per plant and the increase in the 
1000-grain weight. Results revealed that the 



3113 
Adv. Environ. Biol., 5(10): 3110-3116, 2011 

 

 

correlation between the grain yield and the number 
of pods per plant and also the 1000-grain weight was 
significant (Table 4). The increase in nitrogen 
consumption through preventing the abortion of 
flowers and young pods and also an increase in the 
leaf area index gave rise to an increase in assimilates 
production and distributed them among the sinks, 
Consequently, more pods, and heavier grains were 
produced and the grain yield improved. Shariatia and 
Kouchaki [10] and Karam Zadeh et al., [13] reported 
that nitrogen consumption had positive effect on 
grain yield and yield components [10,13]. The effects 
of applying different levels of nitrogen were 
significant. The maximum grain yield was obtained 
by the  90-plant density per m-2 with an average of 
433 gm-2 (Tables 1 and 2). Although at lower 
densities, the number of grains per pod and the 1000-
grain weight were higher, an increase in number of 
pods per area unit (in 90 plant density) caused an 
increase in grain yield. At higher densities, the 
number of lateral branches and pods per area unit 
increased which in turn compensated for the 
insufficiency in the grain yield of each individual 
plant. The results of  Sharief and Keshta [12] were 

compatible with these findings [12]. The interaction 
effect of nitrogen and plant density on the grain yield 
was not significant(Table 1). 
 
Harvest Index: 
 

Varying nitrogen levels had a significant effect 
on the harvest index (Table 1). As the amount of 
nitrogen increased, the harvest index increased too. 
The maximum increase in the harvest index was seen 
by applying 115 kgNha-1 with an average of %35.8 
(Table 2). By increasing nitrogen consumption, due 
to the rise in leaf area index, production and transfer 
of assimilates made by plants to grains increased and 
the harvest index improved  too. The effect of plant 
density on harvest index was not significant 
(Table1). Although grain yield improved by an 
increase in density, biological yield increased 
similarly, no significant change was seen regarding 
the harvest index. Results illustrated that the 
difference between the interaction effects of nitrogen 
levels and plant densities were not significant 
regarding harvest index (Table 3). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Correlation between nitrogen manure, grain yield, biological yield, and oil yield. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Correlation between plant density, grain yield, biological yield, and oil yield. 
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Oil Percentage: 
 

The effects of different levels of nitrogen and 
plant density and also the interaction effect between 
nitrogen and plant density were significant on the 
grain oil percentage (Table 1). An increase in 
nitrogen consumption entailed a rise in oil percentage 
in grains in a way that the maximum oil percentage 
was due to applying 115 kgNha-1 with an average of 
43.6% (Table 2). Nitrogen was influential in 
increasing the canola oil. Increasing nitrogen to a 
specific point will increase the grain oil percentage. 
When it exceeds a certain level, the grain oil 
percentage may begin to decrease. This is because of 
the fact that there is a direct relation between 
nitrogen and the production of grain protein. When 
nitrogen level exceeds the normal point, protein 
would increase which would in turn reduce the oil 
level. The findings of Karamzadeh et al., [13] and 
Saleem et al., [17] were compatible with these 
findings [13,17]. Comparing the interaction effect 
between nitrogen levels and plant densities showed 
that the maximum oil percentage belonged to 
applying 115 kgNha-1 and 50-plant density with an 
average of %44.7 (Table 3). 
 
Oil yield: 
 

The effects of different levels of nitrogen and 
density on oil yield were significant, but the 
interaction effects of these treatment on the oil yield 
were not significant (Table 1). As the nitrogen 
consumption increased, the oil yield went up too, the 
treatment including 115kgNha-1 with an average of 
179.8 gm-2, had the maximum oil yield (Table 2). 

The Ahmadi [18] results were similar to these 
findings [18]. 

Since there is a direct correspondence between 
the oil and grain yields, the oil yield can increase 
because the grain yield has an ascending pace in area 
unit. Results demonstrated that the correlation 
between the grain and the oil yields was significant 
(Table 4). Following an increase in plant density, the 
oil yield rose too. The maximum oil yield was seen 
in the 90-plant density with an average of 177.6 gm-2 
(Table 2). The highest oil yield belonged to applying 
115 kgNha-1  and 90 plants per m-2 with an average of 
199.4 gm-2(Table 3). Based on the fact that nitrogen 
and plant density were both regarded as contributory 
factors in increasing the grain yield, so their 
interactions would lead to an oil yield increase. The 
findings of Karamzadeh et al., [13] and Saleem et al., 
[17] were similar to these findings [13,17]. 
 
Conclusion: 
 

The results revealed that optimized consumption 
of nitrogen has a significant effect on the biological 
yield, oil and grain yields, yield components (except 
for the number of grains per pod) and resulted in 
their improvement. The plant density also had a 
significant effect on grain and oil yields which is 
indicative of canola flexibility regarding a specific 
level of density. Therefore, if the farming 
management recommendations especially nitrogen 
consumption and favorable density are observed, 
canola has a great potential to produce grain in 
Khuzestan province (south west of iran) climate 
conditions.

 
 
Table 1: Summary of analysis of variance for yield components, grain, oil and biological yields.  

Mean Square

df 
Contributing 

Factors Oil yield Oil Percent 
Harvest 
Index 

Grain yield 
Biological 

yield 

1000 
grain 

Weight 

grain per 
Pod 

Pods per 
m-2 

Pod per 
Plant 

6386.28* 4.94* 23.79ns 31188.26* *155022.61 *0.343 *39.54 432677.14ns 123.93ns 3 replication 
6406.99* 21.39** 33.39* 23228.19* *83865.35 *0.421 37.48ns *5851357 *1262.01 3 Nitrogen(N) 
695.4481.02 3.68 3602.222917.70.0930.171010414.3 251.2 6 Error (a) 

4565.61** 15.85** 2.06ns 38790.25** **389235.92 *0.091 0.72ns **21817172.58 **1635.38 2 Density(D) 
49.53ns 0.94* 1.47ns 363.957ns 8507.92 ns 0.16 * 7.84ns ns 298767.83 40.04ns 4 N*D 
617.10.392 7.13 3470.0111557.20.0325.01481937.27 105.58 18 )b( Error 
15.8 10.1 7.85 15.82 9.9 6.51 7.9 10.12 10.29  ( % ) C.V 

  ns, * and **: Non Significant, significant at the 0.05 and 0.01 probability level, respectively 

 
Table 2: Mean comparison for grain  yield,  yield components, biological yield, harvest index, oil content and oil yield. 

Oil Yield 
(g.m-2) 

Oil 
( %) 

Harvest   
Index(%) 

grain Yield 
(g.m-2) 

biological 
yield(g.m-2) 

1000 grain 
Weight 

Grain  per 
pod 

Pod per 
m-2 

Pod per 
plant 

Treatment 

         
Nitrogen 
Kg h-1)( 

133.6b 40.9c 32.5b 326b 994b 2.6b 20.4a 6087b 89 b 80 
158a 41.97b 33.8b 377ab 1115ab 2.7ab 19.77a 7035ab 102 ab 96 
179.8a 43.6a 35.8a 414a 1155a 2.97a 18.91a 7449a 109 a 115 

         
Plant Density 
(Plant m-2) 

138.7b 43.1a 34.2a 320b 928c 2.85a 19.84a 5680c 113 a 50 
155.1b 42.4b 34.2a 364b 1054b 2.76ab 19.85a 6564b 94b 70 
177.6a 40.9c 33.5a 433a 1283a 2.67b 19.42a 8328a 93b 90 

 * Means followed by similar letters have not significantly different (p<o.o5) – Using Duncan Test.  
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Table 3: Mean comparison of interaction effects of nitrogen manure and plant density on morph - physiological features of Canola Hayola 
401.  

Oil Yield 
(g.m-2) 

Oil 
( %) 

Harvest 
Index(%) 

Seed Yield 
(g.m-2) 

biological 
yield(g.m-2) 

1000 grain 
Weight 

Grain 
per pod 

Pod per 
m-2 

Pod per 
plant 

Treatment 

122.9d 41.7de 32.2a 270d 833.7d 2.52b 21.4a 5009e 99c N1D1 
134.2cd 40.9ef 32.6a 327cd 990bcd 2.69b 19.8ab 6034cde 86cd N1D2 
153.6bc 40.1f 32.6a 381abc 1159b 2.59b 20.3ab 7218b 80d N1D3 
137.7cd 42.9bc 34.5a 320cd 917cd 2.72b 19.9ab 5835de 117ab N2D1 
156.8bc 42.8bc 34.2a 366bc 1063bc 2.8b 19.7ab 6535bcd 93cd N2D2 
179.8ab 40.2f 32.6a 445ab 1363a 2.62b 19.5ab 8737a 97c N2D3 
165.6abc 44.7a 35.96a 371bc 1032bc 3.31a 18.2b 6195bcd 124a N3D1 
174.3abc 43.7b 35.97a 399abc 1107b 2.79b 20.1ab 7123bc 102bc N3D2 
199.4a 42.3cd 35.4a 472a 1326a 2.81b 18.5b 9029a 100c N3D3 

 N
1
, N

2
 and N3 are 80, 96 and 115 kgNha-1 

 D
1
 , D

2
 , and D

3   
are 50, 70, and 90  plants m-2 

 * Means followed by similar letters have not significantly different (p<o.o5) – Using   Duncan Test.  
 
Table 4: Simple coefficient correlation between Traits. 

 
Oil 
Percentage 

Harvest 
Index 

grain 
Yield 

biological 
yield 

1000 grain 
Weight 

Grains per 
pod 

Number of 
pods 

Variables 

       0.184 ns Grains per pod 
      0.22 ns *0.335 1000 grain Weight 
     *0.7 0.377 ns **0.731 biological yield 
    **0.956 **0.773 0.378 ns **0.723 grain Yield 
   **0.766 *0.553 *0.677 0.313 ns 0.483 ns Harvest Index 
  0.486 ns *0.681 *0.677 *0.608 0.007 ns *0.617 Oil Percentage 
 0.304ns **0.719 *0.584 **0.954 *0.607 0.338 ns **0.739 Oil Yield 

  ns , * and ** : Non Significant, significant at the 0.05 and 0.01 probability level, respectively. 
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