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ABSTRACT  
 

In this experiment, Five N efficiency parameters, seed yield and seed oil content was investigated under 
different fertilizer management in field-grown canola plants. Treatments include four levels of nitrogen (zero, 
50, 100 and 150 kg ha–1) as main factor and two levels of zinc sulfate (zero and 50 kg ha–1) and two levels of 
biological fertilizer (with and without) as sub-factor were arranged in a factorial design. The results showed that 
different treatments had significant effects on all the N efficiency parameters, seed yield and seed oil content. 
Highest value for N use efficiency, N agronomic efficiency and N recovery fraction were observed in the plants 
treated with combination of 50 kg ha–1 N and Zinc sulphtae. But the highest value for N physiological efficiency 
and seed oil content were observed in plants treated with combination of 50 kg ha–1 N and Zinc sulphtae and 
biofertilizer. Moreover, plants treated with 150 kg ha–1 N and Zinc sulphtae and biofertilizer had the highest 
seed yield and the lowest seed oil content. This study revealed that using integrated fertilizer management a 
considerable reduction in fertilizer N-demand is possible leading to lower N-balance surpluses in canola 
production, thus minimizing environmental risk. 
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Introduction 

 
Canola (Brassica napus L.) is one of the 

important oilseed crops that generally grown for 
production of edible oil, animal feeding and 
alternative fuel. Canola can be used as a catch crop to 
reduce N leaching during the autumn–winter period 
because of its high capacity to take up nitrate from 
the soil [7,22]. Evaluation of nitrogen use efficiency 
(NUE) is one of the current methods for measuring 
the N efficiency. Nitrogen use efficiency has been 
defined N recovered in yield as a proportion of N 
applied, allowing for initial soil N conditions [32]. In 
this relation, optimal nutrition has a special 
importance. Fertilizer N-use efficiency in crop 
production is generally low [27,31]. This might cause 
severe yield limitations where there is a lack of N 
supply. Moreover, this might increase environmental 
pollution where high N fertilizer doses are applied to 
attain maximum yields [11,13]. In order to improve 
the use of N fertilizer and to reduce the 
environmental pollution in canola production, a 
number of integrated fertilizer management strategies 
have been developed [40]. These take into 
consideration improved N-supply due to varied crop 
rotations, cultivation of N-efficient cultivars and 

optimized crop management practices to improve N 
efficiency of canola plants [29].  

On the other hand, Zn deficiency is an important 
constraint to crop production in Mediterranean-type 
soils as in Iran (Rashid and Ryan, 2004). Grewal et 
al. [10] found that application of 3.5 kg Zn ha–1 
increased seed yield of a Zn-inefficient oilseed rape 
plants by 65%. Grewal and Graham [9] reported that 
canola plants grown from the high Zn seed had better 
seedling vigour, increased root and shoot growth, 
greater leaf area, more chlorophyll concentration, 
and higher Zn uptake in shoot compared with those 
grown from the low Zn seed in Zn deficient soils.  

Biofertilizers are products containing living cells 
of different microorganisms, which stimulate plant 
growth [39]. This beneficial effect has been 
attributed to different mechanisms such as 
production of phytohormones, organic acid and 
siderophores [37], and dissolving poorly soluble 
nutrients by improving their availability to the plants. 
Because of the high N requirement of oilseed rape, 
application of nonsymbiotic soil microorganisms can 
decrease groundwater pollution, facilitating the 
adoption of sustainable agronomic methods.  

A number of studies have been reported positive 
interactions between free-living, nitrogen-fixing 
rhizosphere bacteria belonging to the genera 
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Azotobacter and Azospirillum and different plant 
species [5,8,26]. The beneficial effects of 
Azospirillum on plants are enhanced when 
coinoculated with other microorganisms. Generally, 
coinoculation allows plants to obtain a more 
balanced nutritional status. Furthermore, the 
absorption of nitrogen, phosphorous and other 
mineral nutrients is improved [2]. It has also been 
reported that wheat yield increased up to 30% with 
Azotobacter inoculation [16].  

The effect of biofertilizers on several crops has 
already been described [42] but little work has been 
carried out to elucidate the effect of biofertilizer on 
oilseed rape. Due to the global economic importance 
of the oilseed rape and the limited knowledge 
available regarding the effects of mixed effects of 
biofertilizer and different levels of N and zinc 
sulphate on fertilizer yield and nitrogen use efficincy, 
this research was performed to find out the optimal 
combination of nitrogen rate, biofertilizer and zinc 
sulphate fertilizer in a field study. 
 
Materials and Methods 

 
A field experiment was conducted at the 

research farm of Islamic Azad University, Takestan 
Branch, Takestan, Iran, during the 2010–2011 
growing season (October to May). One week before 
sowing, soil samples were taken to determine soil 
characteristics. Physiochemical soil characteristics 
are presented in Table 1.  

The experimental design was a randomized 
complete block design with a split-factorial 
arrangement in three replicates. The treatments were 
four levels of N (0, 50, 100 and 150 kg ha–1) in the 
main plot, two levels of zinc sulphate (ZnSO4·H2O) 
(0 and 50 kg ha–1) and two levels of biofertilizer 
(with and without Nitroxin biofertilizer) in subplots. 
Inoculated and non-inoculated seeds of canola 
(Brassica napus L., cv. Hayola 308) were hand-sown 
at 3 cm depth in the middle of rows, with 30 cm 
between rows and 4 cm between seed groups. The 
area of each plot was 10.5 m2. Before planting, the 
soil surface of the cultivated area was thoroughly 
irrigated using a solid-set movable sprinkler system. 
At the 3-4 leaf stage, plants were selected for 
uniformity and thinned out to the recommended plant 
density. Weed control was performed manually 
without any herbicide application.  

Nitroxin biofertilizer were used in this study for 
seed inoculation of canola seeds that consists of the 
most effective species of nitrogen stabilizing bacteria 
including the genus Azotobacter, Azospirillum. This 
biofertilizer was supplied by Mehr Asia Technology 
Company (MABCO), Tehran, Iran. Seed inoculation 
involved placement of the seeds in the biofertilizer 
suspensions at 108 CFU ML-1 for 1 h before planting. 
Nitrogen as urea and zinc as zinc sulphate (ZnSO4) 
were applied in three splits. The first dose of N and 
Zn was given at the time of sowing (basal), the 

second at 35 days after sowing (before flowering) 
and the third at 55 days after sowing (after 
flowering).  

Weather conditions during the growing season 
were monitored with meteorological stations located 
less than 500 m away from the research plot. 
Monthly precipitation, mean air temperature and 
relative humidity during the growing period are in 
Table 2. 

At 190 days after sowing two square meter 
samples of canola plants were randomly harvested 
from each plot, divided in straw and grain, weighed, 
and dried for 48 h at 70◦C to determine the dry 
weight. To measure biomass and calculate total N, 
fallen leaves were collected. The concentration of N 
in the plant was measured using the Kjeldahl method 
[15]. 
 
N efficiency parameters: 

 
Five N efficiency parameters developed for 

mineral N fertilizers [6,29] were selected and 
modified for evaluating N efficiency of fertilizer 
treatments: 

1. N utilization efficiency (NUE: kg grain (kg N 
uptake)–1):  

Grain yield
NUE

Crop N uptake
  

Crop N uptake was the sum of N contained in 
straw and grain. Each was calculated using the N 
concentration in grain and straw and their dry matter 
yields. 

2. N physiological efficiency (NPE: kg grain (kg 
N uptake)–1): 

X 0

X 0

Yield at F Yield at F
NPE

Crop N uptake at F Crop N uptake at F





 

FX and F0 refer to the amounts of each fertilizer 
treatment and the control, respectively. 

3. N agronomic efficiency (NAE: kg grain (kg 
fertilizer treatment)–1): 

X 0

X

Yield at F Yield at F
NAE

N applied at F


  

4. N recovery rate (NRR: %): 

X 0

X

Crop N uptake at F Crop N uptake at F
NRR

N applied at F


  

5. N harvest index (NHI: %): 

X 0

X 0

N in grain at F N in grain at F
NHI

Crop N uptake at F Crop N uptake at F





 

 
Statistical analysis:  

 
The data were subjected to a two-way analysis 

of variance (ANOVA), using the GLM procedure in 
SAS (SAS release 9.1.2, 2004). The assumptions of 
variance analysis were tested by insuring that the 
residuals were random, homogenous, with a normal 
distribution about a mean of zero. The significance of 
differences among treatment means were compared 
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by Fisher’s least-significant difference test (LSD) at 
P < 0.05. 
 
Results and Discussion 

 
The main effects of all experimental factors, 

two-way and three-way interactions between them 
were significant for all N efficiency parameters, 
except for two way interaction of N × Zn on nitrogen 
Physiological efficiency, and two way interaction of 
Zn × BF on nitrogen Utilization Efficiency, nitrogen 
Physiological efficiency and nitrogen recovery rate 
(Table 3).  
 
N efficiency parameters: 
 
Nitrogen Utilization Efficiency (NUE): 

 
The comparison of means showed significant 

difference among different treatments (Table 5). The 
highest value of NUE was obtained in N1 × BF2 × 
Zn2 treatment that was caused by N fertilizer. The 
N1BFZn caused higher degree of increase in NUE 
than the N2BFZn and N3BFZn treatments. On 
average the canola plants grown with 50 kg hec–1 N 
had a NUE of 36.8 kg DM/kg N compared with 31 
and 28.7 kg DM/kg N for 100 and 150 kg hec–1 N 
treatments. This finding is consistent with other 
studies which have shown that NUE correlates more 
strongly with N uptake in low N environments 
[13,24]. These results may indicate that at low N 
supplies canola is efficient at using the N taken up to 
produce seed yield and there is limited scope for 
higher NUE values, however this may not be true at 
greater N supplies typically used by commercial 
growers where luxury N uptake may be greater 
[38,41]. The use of BF and Zn in the treatments led 
to decrease in NUE value. It was reported that these 
PGPRs can alter the availability of nutrients that was 
probably due to a direct dilution of element 
concentrations with plant that give rise to increase or 
decrease in efficiency of different elements [5,21]. 
Also, it has been reported that zinc application in 
canola plants caused a decrease in shoot dry weight 
that may be a reason for reducing in crop N uptake, 
due to decrease in dry matter production [10]. 
 
Nitrogen harvest index: 

 
Normally, the NHI represents the efficiency of 

absorbed N being transferred from harvested parts of 
a crop to seeds. In this study, the highest and the 
lowest NHI were found in N1BF1Zn1 and 
N3BF0Zn1, respectively (Table 5). It has been 
reported that under low N conditions, an increase in 
N allocation to pods and a decrease in N loss led to 
increase in NHI in canola seeds [34]. Asghar et al. 
[1] reported that combined treatment of N and Zn in 
comparison to N treatment alone, led to increase in 
seed N content and NHI that might be due to 

absorbed N to the seeds. Our results showed that the 
application of BF have a positive effect on increase 
in NHI. De Freitas [5] observed that these BFs 
increased N content in wheat seeds, because they 
enhance absorb elements by plant.  
 
Nitrogen agronomic efficiency: 

 
NAE was affected by different fertilization 

treatments (Table 5), and the highest value obtained 
from N1BF1Zn1 treatment. The increase of N rate 
decreased NAE values. Application of BF and Zn 
also had a positive effect on increase in NAE values, 
but the role of Zn was more evident. It was also 
found that the application of BFs was more effective 
at low N rates. NAE is used to describe the 
utilization of N application in relation to the level of 
N applied. Because the increased yield was lower 
than the increased N rate, the NAE was reduced at 
higher N rates. De Freitas [5] reported that NAE was 
affected by the N application, and it was higher at 
high N levels. The increase of N loss by 
volatilization, leaching, and denitrification, as well as 
saturated absorption mechanisms might have been 
reduced in NAE under higher N applied [11,13].  
 
Nitrogen recovery rate: 

Application of 50 kg of nitrogen fertilizer and 
fertilizer zinc sulfate and BFs, with an average of 
52/25 %, and the application of 150 kg of nitrogen 
and biofertilizer without zinc sulfate with an average 
of 32/16 % have the highest and lowest nitrogen 
recovery rate, respectively. As N immobilization 
may have occurred in the application of 150 kg of N, 
mineralization of N is likely the dominant contributor 
to available N supply from the application of 50 kg 
of N and Zn and biofertilizer. Thus, trough slow 
mineralization of N in the mixed treatments may 
have provided an extended supply of available N to 
the canola plants in the late growth stages [18,19]. 
 
Nitrogen Physiological efficiency: 

 
Physiological efficiency of N which in present 

work is defined as the ratio of grain yield to the 
amount of absorbed N in the above ground dry 
matter production at maturity, varied significantly 
among different fertilizer treatments (Table 5). 
Treatment with 50 kg of nitrogen fertilizer and 
fertilizer zinc sulfate and biofertilizer with an 
average of 34/83 kg ha–1, and treatment with 100 kg 
of N without zinc sulfate fertilizers and biofertilizer 
with an average of kg 22/54 kg/he kg ha–1 have the 
highest and lowest nitrogen physiological efficiency, 
respectively. This is presumably due to a greater 
ability for uptake and translocation of N under low N 
application and the positive role of Zn and 
biofertilizer. As recently reviewed by Rathke et al. 
[30], it is clear that to improve seed yield, oil content, 
and N physiological efficiency in oilseed rape the use 
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of N-efficient management strategies is required, 
including the choice of variety and the form and 
timing of N fertilization adapted to the site of 
application.  
 
Seed yield and seed oil content: 
 
Seed yield: 

 
All the main factors and interactions of them had 

significantly effects on oil content of seeds, except 
for interaction of Z×BF (Table 4). Canola yield was 
significantly increased with the increased rate of N 
application (Table 6). The significant increase in 
canola yield in the combination of N, BF and Zn was 
apparent in all N levels, as the application of BF and 
Zn significantly increased seed yield (Table 6). 
Between the BF and Zn, the role of Zn was more 
apparent for increase in seed yield. The positive yield 
response of canola to higher N rates is a common 
response. It has been shown that spring rapeseed has 
a high N requirement and that it has the capacity to 
respond to applied N above 150 kg ha–1 [12]. 
Similarly, Ibrahim et al. [14] and Ozr [25] concluded 
that in spring rape yield increased with rates of N up 
to 213 kg ha–1. On the other hand, low available N 
levels of soil may have contributed to improved seed 
yield response at higher N rates. Sabahi et al. [33] 
reported that that an increase in Zn uptake in a Zn-
deficient soil increased the N content in the shoots of 
canola plants. Grewal et al. [10] found that 
application of 3.5 kg Zn ha–1 increased seed yield of 
a Zn-inefficient genotype of canola by 65%. Grewal 
and Graham [9] reported that oilseed rape plants 
grown from the high-Zn seed had better seedling 
vigour, increased root and shoot growth, greater leaf 
area, more chlorophyll concentration, and higher Zn 
uptake in shoot compared with those grown from the 
low-Zn seed in Zn-deficient soils. The increase in 
seeds yield due to inoculation with BF could be 
attributed to the expected increase in the available 
amounts of nitrogen and phosphorous, which were 
continuously available to the canola plants during 
their growth season. Similar results were obtained by 
singh and Bhargava [35] for canola plants. 
Kovalskaya et al. [17] reported that combined 
application of Azotobacter and N led to a 40% 
increase in the crop yield of rape plants and increased 
total nitrogen of canola plants. Their results might be 
caused by growth-promoting effects of Azotobacter 
that depend on the nutrient status of the plant.  

Seed oil content: 
 
All the main factors and interactions of them had 

significantly effects on oil content of seeds, except 
for main effect of BF (Table 4). Oil content of seeds 
is the most important to illustrate the quality of 
canola plants. The effects of different treatments on 
seed oil are illustrated in Table 5. As expected, the 
highest oil content and the lowest seed yield 
observed in treatments without N application. The 
positive effect of N application on seed yield and the 
negative correlation between oil content and seed 
yield are well established [4,36]. In the integrated 
treatments (F100M50, F50M100, and M150), 
increasing N rate had a negative impact on seed oil 
content. Mason and Brennan [23] and Cheema et al. 
[4] found a negative influence of N fertilization on 
the oil content of the seed. This could be attributed in 
part to competition for carbon skeleton during 
carbohydrate metabolism [3]. The synthesis of both 
fatty acids and amino acids requires carbon 
compounds from the decomposition of 
carbohydrates. Since the carbohydrate content of 
protein is lower than that of oil [20], increased N 
supply intensifies the synthesis of protein at the 
expense of fatty acid synthesis and thus reduces the 
oil content of the seed. On the other hand, application 
of BF increased oil content of canola seeds. Asghar 
et al. [1] found that different strains of plant-growth-
promoting rhizobacteria increased the oil content of 
canola seeds up to 5.6% above the uninoculated 
control. It was hypothesized that these PGPR may 
influence the growth and yield of inoculated plants 
by production of auxins in the rhizosphere of 
inoculated plants in the root exudates, and induces 
many physiological changes in plants [30]. Zn also 
significantly increased effect on oil content. 
Increased oil content of canola seeds in different 
treatments might have been due to higher due to 
higher assimilate supply in this condition [33]. 

Information on the effects of mixed treatments 
of nitrogen, zinc sulphate and biofrtilizers on N 
efficiency parameters, yield and seed oil content of 
winter oilseed rape is sparse. In the present study, it 
suggests that lower uptake of N in the integrated 
treatment compared with the chemical treatment 
caused a higher availability of carbohydrates for oil 
biosynthesis. This result is also supported by the 
results of Rathke et al. [30]. 

 
Table 1: Relevant soil properties at the experimental field. 

sand 
(%) 

clay 
(%) 

loam 
(%) 

OC 
(%) 

N 
(%) 

available K 
 )mg kg-1( 

available P 
 )mg kg-1( 

Available S      )
mg kg-1( 

Available Zn  
 )mg kg-1( 

PH 

13.12 30.72 56.16 1.94 0.183 228 24.6 0.53 0.74 7.1 
 

Table 2: Relevant meteorological data during growing period. 
 
Months            

Temprature (°C) Relative Humidity (%) Total 
Rainfall 

(mm) 

Total 
sunshine (h) Min Max Min Max 
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Oct–Nov 9.861 20.13 66.85 98.53 50.8 100 
Nov–Dec 4.093 13.88 65.97 98.67 239.2 112.6 
Dec–Jan –2.28 5.38 77.93 96.93 153.8 83.4 
Jan–Feb –0.03 8.17 66.27 97.65 40.4 104.4 
Feb–Mar 4.17 18.48 44.96 94.93 19.1 175.7 
Mar–Apr 10.1 22.45 49.39 96.43 7.6 134.9 
Apr–May 11.31 25.89 47.85 95.72 8.4 62.4 
Tot 37.41 114.37   510.9 773.4 
Average 5.34 16.33 59.88 96.23 72.98  

 
Table 3. The main squares of ANOVA for five N efficiency parameters. 

S.O.V df NUE NAE NPE NRR NHI 
Replication 2 2.47 15.83 5.12 222.18 65.62 
N 2 205.58** 5.97** 67.90** 147.60* 49.30** 
Main error 4 21.66 3.67 10.13 173.61 28.82 
Z 1 19.47* 66.30** 25.21* 1087.09** 27.13* 
BF 1 59.14* 40.02** 59.26** 450.69** 35.29* 
N×Z 2 33.45** 29.47** 2.53n.s 680.12** 65.43** 
N×BF 2 24.07** 23.17** 95.06** 617.56** 51.62** 
Z×BF 1 13.39n.s 19.23* 5.42n.s 52.05n.s 45.50* 
N×Z×BF 2 20.31* 15.09* 10.35* 411.49* 32.69* 
Sub error 18 6.56 1.09 8.74 43.59 6.26 
C.V  7.95 9.3 10.90 16.26 4.60 

N–nitrogen effect; Z–zinc sulphate effect; BF–biofertilizer effect; N×Z, N×BF, Z×BF and N×Z×BF represent interaction terms between the 
treatment factors. 

 
Table 4: The main squares of ANOVA for seed yield and seed oil content 

S.O.V df Seed yield Oil content 
Replication 2 88345.75 2.062 
N 3 6169265.3** 129.25** 
Main error 6 8903.11 0.15 
Z 1 655902.52** 12.23** 
BF 1 320056.69** 1.76n.s 
N×Z 3 210542.52** 6.38** 
N×BF 3 51350.58* 2.082* 
Z×BF 1 4621.69n.s 6.11** 
N×Z×BF 3 69639.19* 4.27** 
Sub error 24 88661.01 1.71 
C.V  19.1 3.2 

N–nitrogen effect; Z–zinc sulphate effect; BF–biofertilizer effect; N×Z, N×BF, Z×BF and N×Z×BF represent interaction terms between the 
treatment factors. 

 
Table 5. Means for five N efficiency parameters of canola plants at different fertilizer treatments at harvesting time. 

Nitrogen Nitroxin 
Zinc 
sulphate 

NUE 
(kg kg-1) 

NAE 
(kg kg-1) 

NPE 
(kg kg-1) 

NAR 
(kg kg-1) 

NHI     
 (kg kg-1) 

 N1 
BF1 

Z1 33.62 bc 13.02 b 34.83 a 43.89 abcd 50.49 d 
Z2 36.45 ab 12.12 bc 29 bc 42.48 bcd 58.15 ab 

BF2 
Z1 38.36 a 14.89 a 25.5 cde 52.25 cde 57.69 ab 
Z2 38.67 a 7.09 g 29.77 b 42.15 bcd 58.21 ab 

N2 
BF1 

Z1 27.59 f 11.06 cd 28.86 bc 48.1 ab 59.43 a 
Z2 31.42 cde 9.69 ef 26.4 bcde 47.3 abc 51.01 d 

BF2 
Z1 32.64 cd 12.17 bc 22.54 e 49.61 ab 55.01 bc 
Z2 32.31 cd 8.59 f 27 bcd 44.57 abcd 51.92 cd 

N3 
BF1 

Z1 27.66 f 11.56 c 26.12 bcde 43.08 bcd 55.01 bc 
Z2 28.59 ef 11.11 cd 25.1 cde 32.16 e 55.12 bc 

BF2 
Z1 29.24 def 12.23 bc 24.21 de 37.06 de 50.37 d 
Z2 29.52 def 10.04 de 39.04 cde 39.04 cde 53.6 cd 

LSD (5%)   3.40 1.38 3.92 8.77 3.32 
N1, N2 and N3 are 50, 100 and 150 kg of N per hectare. BF1 and BF2 are with and without biofertilizer application treatments. Z1 and Z2 
are with and without zinc sulphate application treatments. Means data within each column followed by the same letter are not significantly 
different at the 0.05 probability level according to the LSD test. 

 
Table 6. Means for seed yield and seed oil content of canola plants at different fertilizer treatments at harvesting time. 

Nitrogen Nitroxin Zinc sulphate 
Seed yield 
(kg hec-1) 

Oil content 
(%) 

N0 
BF1 

Z1 931.66 i 42.76 a 
Z2 628.3 i 42.46 a 

BF2 
Z1 785 k 42.63 a 
Z2 543 m 41.82 a 
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 N1 
BF1 

Z1 1478.33 f 41.62 ab 
Z2 1340 h 41.05 b 

BF2 
Z1 1385 g 42.62 a 
Z2 1088 j 39.08 c 

N2 
BF1 

Z1 2451.66 ab 39.16 c 
Z2 1900.33 i 38.32 cde 

BF2 
Z1 2100 c 38.79 cd 
Z2 1793.33 e 37.63 de 

N3 
BF1 

Z1 2568.33 a 38.08 cde 
Z2 2468.66 a 37.92 cde 

BF2 
Z1 2490.66 ab 38.02 cde 
Z2 2240 b 37.34 e 

LSD (5%)   99.05 1.296 
N0, N1, N2 and N3 are 50, 100 and 150 kg of N per hectare. BF1 and BF2 are with and without biofertilizer application treatments. Z1 and 
Z2 are with and without zinc sulphate application treatments. Means data within each column followed by the same letter are not 
significantly different at the 0.05 probability level according to the LSD test. 
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