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Demographic Parameters of Lipaphis erysimi on Canola 

Cultivars under Different Nitrogen Fertilization Regimes  

F. Fallahpour1, R. Ghorbani1∗, M. Nassiri Mahallati1, and M. Hosseini2 

ABSTRACT 

Increased nitrogen applications to crops influence plant-herbivore interactions and 

potentially increase herbivore population growth. In this research, the impact of nitrogen 

fertilizations on nutritional quality of three canola (Brassica napus L.) cultivars (Zarfam, 

Okapi and Modena), and, consequently, the performance of mustard aphids, Lipaphis 

erysimi Kalt., on them were investigated under green house conditions. Nitrogen 

fertilization treatments were 0, 75, 150, and 225 kg N. ha-1. The results showed that 

increased nitrogen fertilization resulted in enhancing plant nitrogen content and 

decreasing of C/N ratio of leaves. Based on N-content and C/N ratio, Zarfam had the 

highest nutritional quality for herbivore among the tested canola cultivars. Fertilization 

generally increased the susceptibility of plants to mustard aphid. Therefore, aphids 

feeding on plants receiving higher nitrogen levels had shorter nymphal developmental 

time, longer adult longevity as well as greater fecundity. The highest and the lowest values 

of aphids’ intrinsic rate of increase (rm) were calculated on Zarfam and Modena cultivars, 

respectively. Moreover, nitrogen fertilization positively affected rm of aphids on all canola 

cultivars. According to our results, management of nitrogen fertilization and cultivation 

of resistant cultivar could be suitable eco-friendly strategies to manage mustard aphid 

population. 
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INTRODUCTION 

Canola (Brassica napus L.) is one of the 
most important sources of edible oils in the 
world with about 62 million tons production 
in 2011 (FAO, 2013). New canola cultivars 
contain less than 2% erucic acid in the oil 
and are recognized as high quality and 
healthy edible oil (Gunasekera et al., 2006). 
Canola is grown on a wide range of soil 
types. Consequently, growers have 
experienced a variety of nutritional problems 
with the crop (Öztürk, 2010). Compared to 
most other industrial crops, canola has a 
high demand for nutrient inputs, specially 
nitrogen (Barłog and Grzebisz, 2004). Many 

studies have shown that both growth and 
yield of canola are significantly enhanced by 
high rates of applied nitrogen (Kumar et al., 
2001; Majnoun Hosseini et al., 2009). 
However, some other researches indicated 
that the content of oil per unit seed weight 
decreased at high levels of N application 
(Barłog and Grzebisz, 2004). Accordingly, 
canola with high N was more sensitive to 
herbivore insects’ infestation through 
increasing their overall population growth 
(Sarfraz et al., 2009). For instance, the 
positive effect of nitrogen fertilization of 
canola (cv. RGS003) on the performance of 
Brevicoryne brassicae L. was documented 
by Zarghami et al. (2010). 
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Different canola cultivars which have the 
same nutrient requirements are planted in 
Iran (Mostafavi Rad et al., 2011), but they 
have different susceptibility to pests (Fathi 
et al., 2010; Fathi et al., 2011a, b). Host 
plant resistance is an effective strategy of 
integrated pest management programs in 
Brassica species production that can reduce 
initial infestations of pests and, therefore, 
minimize the usage of insecticides (Trdan et 

al., 2005; Žnidarčič et al., 2008; Ahuja et 

al., 2010).  
One of the important pests of canola is 

mustard aphid, Lipaphis erysimi (Hem., 
Aphididae) which has a worldwide 
distribution (Blackman and Eastop, 1984). 
This aphid causes damage to canola plants at 
vegetative, flowering, and pod formation 
stages (Goggin, 2007). In addition, the 
mustard aphid is a vector of about 10 plant 
viruses that cause greater yield losses 
(Blackman and Eastop, 1984).  

Performance of mustard aphid on some 
Iranian canola cultivars have been evaluated 
in previous studies (Roudposhti et al., 2012; 
Khajezade et al., 2010). Nevertheless, the 
impacts of varying nitrogen nutrition of 
canola cultivars on the performance of this 
aphid have not been studied well. Thus, this 
research aimed to assess the effects of the 
selected Iranian canola cultivars under 
different nitrogen fertilization regimes on 
the life table parameters of mustard aphid. 

MATERIALS AND METHODS 

Plant, Fertilizer, and Insect  

The seeds of three most-planted winter 
cultivars of canola in Iran, namely, 
‘Zarfam’, ‘Okapi’ and ‘Modena’ were 
obtained from Agricultural and Natural 
Resources Research Center of Khorasan 
Razavi province, Iran. The seeds were 
planted in 4 liters capacity pots (20 cm 
diameter and 20 cm height), containing 4 kg 
soil, leaf compost, and sand (1:1:1), on April 
20th, 2012. The cultivated pots were 
maintained in the greenhouse at 25±4°C, 

70±10% RH, and a photoperiod of 16:8 (L: 
D) h. Two seedlings (5 cm in height) were 
kept in each pot after thinning and watered 
when needed. The first application of 
fertilizer was at four-leaf seedling stage, and 
the second fertilization was carried out 10 
days later. Based on nitrogen fertilizer 
(ammonium nitrate as source of nitrogen), 
four different fertilization treatment 
including 0 (0), 75 (0.055), 150 (0.11), and 
225 (0.165) kg N. ha-1 (g N kg-1 soil), 
respectively, equal to 0, 50, 100, and 150% 
of recommended nitrogen doses were 
applied (Kamkar et al., 2011). 

Aphids used in the experiment were 
collected from a Lipaphis erysimi colony 
established on Brassica oleracea L. plants in 
the research greenhouse of the College of 
Agriculture, Ferdowsi University of 
Mashhad, Iran. 

 Effect of Nitrogen Levels on Plant 

Nutritional Quality  

When plants attained the eight- to ten-leaf 
stage (approximately 4 weeks old), the effect 
of different levels of N fertilization on leaf 
quality of canola cultivars were determined 
by measuring N and C content (% dry mass), 
and C/N ratio of 30 fully expanded 
uppermost leaves, chosen randomly from 10 
plants within each treatment combination. 
Fresh leaves were subsequently washed in 
tap water, rinsed three times in deionized 
water, and oven-dried for 48 h at 60°C. 
Then, dried leaves were mechanically 
ground into powder and packed inside paper 
packs (each sample contained 1–3 mg dry 
matter). The samples were analyzed for total 
N and C using Kjeldahl digestion method 
(Rund, 1984) and simple acidimetric 
titration (Richards, 1954), respectively. The 
total amount of C and N and their ratio 
(C/N) were subjected to two-way ANOVA 
to evaluate the interaction effect of N levels 
by canola cultivars. Means were separated 
by least significant difference (LSD) test 
when a significant F-value was obtained. 
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Prior to ANOVA, data were assessed for 
normality and homogeneity of variance. 

Effects of N Levels and Canola 

Cultivars on L. erysimi  

To determine the performance of L. 

erysimi on various canola cultivars fertilized 
with different N-levels, life table parameters 
of aphids were assessed. Forty pots were 
assigned to each canola cultivar with 
different N fertilization levels (ten pots per 
N level). In each treatment, at least 35 same-
age alate aphids were placed individually on 
the surface of fully expanded uppermost 
canola leaves (approximately 4 weeks old). 
A ventilated clip cage held in position by an 
aluminum hair clip encaged each individual 
aphid. After 24 hours, adults and all young, 
except one first instar nymph, were 
removed. The remaining nymph was 
allowed to develop to adulthood. All aphids 
were examined daily for the onset of 
reproduction. The newborn nymphs 
produced by each aphid (age-specific 
fecundity) were recorded for the remainder 
of its life and then removed from the leaf to 
prevent intra-specific interactions. Counting 
and observation were continued until the 
death of all aphids.  

The performance of the aphids was 
assessed by measuring nymphal 
developmental period (the number of days 
between birth and adult emergence), adult 
longevity (from adult emergence to death), 
fecundity (number of offspring per aphid), 
and estimating the intrinsic rate of natural 
increase (rm). The intrinsic rate of natural 
increase (rm) was calculated by iteratively 
solving the following equation (Birch, 
1948): 

 
Where, rm is the per capita instantaneous 

rate of population growth (number per day), 

, and 

, lx is the 

probability of surviving to age x, and mx the 
mean fecundity at age x.  

Other parameters of fertility life table 
including net reproduction rate 
( ), generation time 

( ), population doubling time 

( ) as well as finite rate of increase 

( ) were likewise computed.  

Jackknife method was used for producing 
pseudo values (Meyer et al., 1986; Maia et 

al., 2000) to find differences in R0, T, DT, λ, 
and rm values. To assess N fertilization and 
cultivar effects, aphid performance 
parameter values, except aphid nymphal 
survivorship that was analyzed with non-
parametric Kruskal–Wallis test, were 
subjected to one-way ANOVA (SAS, 2004) 
for each treatment. If significant differences 
were detected, LSD test was used. Linear 
regression was also applied to determine the 
relationship between N-fertility levels and 
performance parameter values. Correlations 
between variables were examined using 
Pearson correlation coefficients. 

RESULTS 

Effects of N-levels on Nutritional 

Quality of Canola Cultivars 

Air-dried soil samples were analyzed for 
physical and chemical properties. Some 
characteristics of the experimental soil are 
presented in Table 1. 

The difference among total percentage of 
leaf carbon content was significant in both 
groups of treatments (cultivar treatment: F2, 

48= 41.6, P< 0.01; N-fertilization levels: F3, 

48= 21.5, P< 0.01) but interactive effect of 
treatments was not significant (F6, 48= 1.72, 
P= 0.138). Leaf-C content had a decreasing 
trend with increasing N level and the lowest 
C-leaf rate was measured at the maximum 
N-fertilization treatments in Zarfam cultivar 
(Table 2). Total leaf nitrogen content was 
significantly affected by N fertilization 
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Table 1. Physical and chemical properties of experimental soil. 

Particle size 
distribution (%) Texture 

grade 
OC a 
(%) 

pH EC b  %SPc %TNV d %N 
P  

(mg kg-1) 
K  

(mg kg-1) 
%S 

Sand Silt Clay 

65.5 28.5 6 
Sandy 
loam 

0.56 7.34 0.63 25.72 11.34 0.04 36.9 367.5 0.08 

a Organic Carbon; b Soil Electrical Conductivity (dS m-1); c Saturation Percentage, d
 Total Neutralizing 

Value. 
 

Table 2. Total nitrogen and carbon contents, and carbon/nitrogen (C/N) ratio of sampled canola leaves 
(Mean±SEM) in response to different nitrogen fertilization levels (kg ha-1) (n= 15). 

Cultivar 
Nitrogen 

treatment a 
C-content (%) N-content (%) C/N ratio 

Modena 

0 52.19± 0.80 a* 1.52± 0.12 de 34.63± 2.61 a 
75 51.39± 0.62 a 1.61± 0.04 d 32.18± 1.05 ab 

150 49.61± 0.79 b 1.83± 0.07 c 28.04± 0.95 bc 
225 48.77± 1.32 bc 1.99± 0.05 bc 24.70± 0.95 c 

Zrafam 

0 48.44± 0.29 bc 1.65± 0.07 d 30.15± 1.8 b 
75 46.88± 0.30 c 1.73± 0.07 cd 27.13± 1.65 bc 

150 46.69± 0.45 c 2.35± 0.13 a 19.99± 2.74 d 
225 41.51± 0.49 d 2.36± 0.07 a 17.69± 1.18 de 

Okapi 

0 51.35± 1.11 a 1.72± 0.07 cd 30.11± 1.82 b 
75 51.04± 0.96 a 2.15± 0.05 b 23.87± 0.94 c 

150 49.24± 0.91 b 2.29± 0.07 a 21.67± 1.04 cd 
225 47.49± 0.29 bc 2.34± 0.04 a 20.30± 0.51 d 

a kg N ha-1; * Means within a column followed by different letters indicate that they were significantly 
different (factorial ANOVA followed by  fisher exact LSD test,  P< 0.05) 

 

levels (F3, 48= 35.72, P< 0.01). The 
maximum amounts of N-leaf were detected 
in plants fertilized with 225 kg N ha-1. The 
effect of canola cultivars on N-leaf content 
(F2, 48= 24.37, P< 0.01) and the interaction 
effect were significant (F6, 48= 2.64, P< 
0.05). Zarfam and Okapi cultivars fertilized 
with either 150 or 225 kg N ha-1 had the 
highest N-leaf content in comparison with 
the other fertilized plants (Table 2).  

Regression analysis demonstrated a 
significant positive relationship (P< 0.01) 
between N-leaf content and N-fertilization 
levels (g N kg-1 soil) and a significant 
negative relationship (P< 0.01) between leaf 
C content and N-fertilization levels. Three 
different lines were fitted for Modena (Y= 
1.49+2.94X, R2adj= 0.67, P< 0.01), Okapi 
(Y= 1.82+3.65X, R2adj= 0.66, P< 0.01) and 
Zarfam (Y= 1.61+4.99X, R2adj= 0.67, P< 

0.01) for N-leaf content. Leaf N content 
showed 30.92, 43.03 and 36.05% increase in 
Modena, Okapi and Zarfam, respectively 
(Figure 1-A). 

The regression lines for leaf C content 
were also fitted for Modena (Y= 52.30-
21.88X, R2adj= 0.71, P< 0.01), Okapi (Y= 
51.89-24.33X, R2adj= 0.38, P< 0.01) and 
Zarfam (Y= 49.03-38.14X, R2adj= 0.51, P< 
0.01) (Figure 1-B).  

The differences of C/N ratio among 
cultivars (F2, 48= 19.14, P< 0.01) and for N-
treatment (F3, 48= 27.02, P< 0.01) were 
statistically significant. However, their 
interaction (F6, 48 = 0.85, P = 0.54) was not 
significant. The lowest C/N ratio was 
observed in Zarfam fertilized with the 
highest nitrogen level (Table 2). 

Regression analysis revealed a significant 
negative relationship (P< 0.01) between C/N 
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Figure 1. Relationship between leaf N content 
(A), leaf C content (B) and C/N ratio (C) of 
canola cultivars (—: Okapi; — –: Zarfam, – – –: 
Modena) and nitrogen fertilization levels. N 
treatments were 0 (0), 0.055 (75), 0.11 (150) and 
0.165 (225) g N kg-1 soil (kg N ha-1). Each point 
represents one replicate. All fitted lines were 
significant (P< 0.01). 

ratio of leaf and N levels (g N kg-1 soil) and 
different lines were fitted for Modena (Y= 
34.98-61.7X, R2adj= 0.46, P< 0.01), Okapi 
(Y= 28.73-57.51X, R2adj= 0.61, P< 0.01) 

and Zarfam (Y= 30.42-80.98X, R2adj= 0.68, 
P< 0.01) (Figure 1-C).  

Effects of N Levels and Canola 

Cultivars on Aphid Performance 

Developmental Time and Survivorship 

Juvenile developmental time of L. erysimi 
was significantly affected by the level of 
nitrogen (F3, 289= 5.17, P< 0.01) and cultivar 
(F2, 289= 12.84, P< 0.01). The interaction 
between N-level and cultivar also had 
significant effect on developmental time (F6, 

289 = 2.08, P = 0.05). Aphids fed on plants 
fertilized with 150 and 225 kg N ha-1 in 
Zarfam had the shortest nymphal period 
(Table 3). The effect of treatments on 
nymph survivorship (lx) was significant 
(Friedman ANOVA, χ2= 19.69, P= 0.04) 
(Hosseini et al., 2010) and the highest 
nymph survivorship was obtained on Zarfam 
fertilized with 150 and 225 kg N ha-1 (100 
and 96%, respectively), whereas it was the 
lowest on non-fertilized plants (69, 74, and 
76%, respectively, for Modena, Zarfam, and 
Okapi) [Figure 2, (A, B and C)]. 

Adult Longevity and Reproduction 

In adult longevity, not only the main effect 
of treatments (F2, 285= 14.57, P< 0.01 and F3, 

285= 3.98, P< 0.01 for cultivar and N-
treatment, respectively) but also the 
interaction effect was significant (F6, 285= 
4.30, P< 0.01). The longest adult longevity 
was observed in aphids reared on Zarfam 
fertilized with the highest nitrogen 
fertilization (225 kg N ha-1). Nevertheless, 
adult longevity of aphids grown on Modena 
fertilized with 0, 75, and 150 kg N ha-1 was 
significantly shorter than the other treatment 
combinations (Table 3).  

Effect of either nitrogen fertilization or 
canola cultivars was significant in mustard 
aphid fecundity. The maximum number of  
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Table 3. Biological parameters of Lipaphis erysimi on three studied cultivars at different 
nitrogen fertilization levels. 

Cultivar 
Nitrogen 

treatmenta 

Biological parameter 
Nymphal 

developmental time 
(d) 

Adult longevity (d) Fecundity  

Modena 

0 8.68±0.28 a* 9.36± 1.79 d 6.10±1.99 d 
75 8.40±0.30 ab 10.14± 2.00 d 8.45 ±2.28 d 

150 7.98±0.34 bc 8.38± 1.62 d 9.05±2.16 d 
225 7.97±0.21 bc 19.91± 1.15 b 16.56±2.63 c 

Zrafam 

0 7.44±0.28 bc 15.20± 2.22 c 23.16±4.14 b 
75 7.00±0.21 c 17.44±1.51b 27.33±3.05 b 

150 6.96±0.20 cd 19.73± 2.26 b 33.35±4.17 ab 
225 6.82±0.26 d 23.22± 2.07 a 37.15±3.95 a 

Okapi 

0 8.64±0.34 a 15.45± 2.95 c 21.20±4.91bc 
75 7.93±0.32 bc 15.19± 2.34 c 19.52±4.02 bc 

150 7.62±0.20 bc 21.59± 2.20 ab 21.59±3.30 bc 
225 7.25±0.31 cd 17.15± 2.34 bc 30.23±4.38 ab 

a kg N ha-1; * Means within a column followed by different letters indicate that they 
were significantly different (factorial ANOVA followed by fisher exact LSD test, P< 
0.05). 

1 

 
Figure 2. Survival curves for Lipaphis erysimi reared on the tested canola cultivars, fertilized with 
different nitrogen levels. [—●, N0: 0 kg N ha-1; —○, N1: 75 kg N ha-1; —▲, N2: 150 kg N ha-1; —
∆, N3: 225 kg N ha-1; (A) Modena; (B) Okapi, and (C) Zarfam]. 
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Figure 3. Age-specific net fecundity rates of 
Lipaphis erysimi reared on tested canola 
cultivars, fertilized with different nitrogen 
levels. [—●, N0: 0 kg N ha-1; —○, N1: 75 kg N 
ha-1; —▲, N2: 150 kg N ha-1; —∆, N3: 225 kg 
N ha-1; (A) Modena; (B) Okapi, and (C) 
Zarfam]. 

 

nymphs per adult was recorded in Zarfam 
cultivar (F2, 285= 30.49, P< 0.01, Table 3) and 
in plants treated with the highest amount of 
nitrogen fertilization (225 kg N ha-1) (F3, 285= 
5.00, P< 0.01, Table 3). However, the 
interaction between N-treatment and canola 
cultivars was not significant on fecundity 
(F6, 285= 0.57, P= 0.75) (Table 3). Increasing 
N application enhanced the production of 
nymphs per aphid on the tested canola 
cultivars. In addition, when aphids were 
reared on Modena (Figure 3-A), mx was 
lower than that of aphids grown on Okapi 
(Figure 3-B) or Zarfam (Figure 3-C) in the 
same N treatments. 

Life Table Parameters 

Age specific life table parameters of 
mustard aphid on the tested canola cultivars 
in different N-treatments are presented in 
Table 4. The interaction effect of nitrogen 
fertilization and canola cultivars on R0, T, λ, 
DT were not significant (R0: F6, 285= 0.42, P= 
0.88; T: F6, 285= 1.51, P= 0.17; λ: F6, 285= 
0.21, P= 0.97; dt: F6, 285= 0.52, P= 0.79). 
However, the mentioned parameters were 
significantly influenced by different amount 
of N fertilization (R0: F3, 285= 5.58, P< 0.01; 
λ: F3, 285= 9.36, P< 0.01; DT: F3, 285= 5.00, P< 
0.01) except aphids’ mean generation time 
(F3, 285= 1.46, P= 0.23). Moreover, life table 
parameters of L. erysimi were significantly 
affected by canola cultivars (R0: F2, 285= 
29.39, P< 0.01; T: F2, 285= 5.44, P< 0.01; λ: 
F2, 285= 56.37, P< 0.01; DT: F2, 285= 33.46, 
P< 0.01). 

Cultivar and N-level interaction was not 
significant for aphids’ rm (F6, 285= 0.23, P= 
0.96). Nevertheless, there was a significant 
effect of cultivars (F2, 285= 57.9, P< 0.01) and 
nitrogen levels (F3, 285= 9.49, P< 0.01) on 
aphids’ rm. The highest and the lowest rm 
(0.250 and 0.120 day-1) were achieved for 
aphids reared on Zarfam and Modena, 
respectively. In addition, a significant 
positive relationship (P< 0.01) between rm 
and N-fertilization levels (g N kg soil-1) was 
found. Three different linear regression lines 

were fitted for Modena (Y= 0.123+0.291X, 
R2adj= 0.32, P< 0.01), Okapi (Y= 
0.177+0.308X, R2adj= 0.27, P< 0.01), and 
Zarfam (Y= 0.211+0.231X, R2adj = 0.25, P<  
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Figure 4. Relationship between the intrinsic rate of increase (rm) of Lipaphis erysimi and nitrogen 

fertilization levels in different canola cultivars (—: Okapi; — –: Zarfam, – – –: Modena). N levels are 0 (0), 
0.055 (75), 0.11 (150) and 0.165 (225) g N kg-1 soil (kg N ha-1).  

0.01), as presented in Figure 4. 
A significant positive correlation was 

detected between aphids’ rm and the leaf 
nitrogen content of canola cultivars 
(Modena: r= 0.32, P< 0.01; Zarfam: r= 0.23, 
P= 0.01; and Okapi: r= 0.26, P< 0.01). 
However, the correlation between rm of L. 

erysimi and the C/N ratio of plants were 
negative and Pearson correlation coefficients 
in Modena (r= -0.32, P< 0.01), Zarfam (r= -
0.24, P= 0.01) and Okapi (r= -0.25, P= 0.01) 
were significant.  

DISCUSSION 

Application of high levels of nitrogen 
clearly increased the N content of the leaf 
tissue in all canola cultivars. The results also 
showed that higher N fertilization levels 
decreased both the leaf carbon content and 
C/N of canola plants. Similarly, 
enhancement of plant nitrogen content and 
decreasing C/N following N fertilization 
have been reported in many other plant 
species (Davies and He, 2004; Svečnjak and 
Rengel, 2006; Hosseini et al., 2010; Žanić et 

al., 2013).  
In the present study, canola cultivars had 

different responses to nitrogen application. 

The possible reason for this finding could be 
due to difference of various cultivars in 
nutrient efficiency, which is an inherited 
characteristic (Svečnjak and Rengel, 2006; 
Zhang et al., 2012).  

Resource quality including nutritional 
value (e.g. nitrogen content), secondary 
metabolite compounds (Chen et al., 2010) 
and genetic differences of host plants 
(Soufbaf et al., 2012) can influence many 
aspects of behavior and physiology of plant 
herbivore insects (Žnidarčič et al., 2011). 
These effects can, in turn, impact consumer 
survival, development rates, or fecundity 
(Golizadeh et al., 2009; Daugherty, 2011). 
In the current research, life-history 
parameters of L. erysimi on tested canola 
cultivars were positively influenced by 
nitrogen fertilization rates. Utilization of 
nitrogen increased the susceptibility of 
canola cultivars to L. erysimi. 

Developmental time of aphids showed a 
decreasing trend with rising nitrogen levels 
and had a significant negative correlation 
with N-content of the host plants. Similar 
results have been reported by other 
researchers. For instance, Zarghami et al. 
(2010) demonstrated a reduction of pre-
reproduction period of Brevicoryne 

brassicae L. with increasing nitrogen 
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application. According to the developmental 
time and fecundity, cv Zarfam was a more 
suitable host for L. erysimi which is in 
agreement with the results of M. persicae on 
cv Zarfam in comparison to five other 
cultivars (Fathi et al., 2010). The results also 
showed a rising trend of fecundity with 
increasing nitrogen levels in all cultivars. 
Similarly, increasing the fecundity of Aphis 

gossypii Glover on cucumber (Hosseini et 

al., 2010) and cotton (Nevo and Coll, 2001), 
as well as for B. brassicae on canola 
(Zarghami et al., 2010) in response to 
nitrogen application were reported by the 
other researchers.  

Our finding indicated that the aphids 
achieved the highest rm on cv Zarfam. 
Previous studies also reported that the rm of 
other pests such as M. persicae (Fathi et al., 
2010), Plutella xylostella L. (Fathi et al., 
2011a) and Thrips tabaci Lind. (Fathi et al., 
2011b) was the highest on this cultivar 
compared to other cultivars. In our study, a 
significant positive effect of nitrogen 
fertilization on the rm of aphids was 
observed, which is in accordance with the 
findings of other researchers (Nevo and 
Coll, 2001; Aqueel and Leather, 2011). 
Effects of various conditions including 
temperature (Godoy and Cividanes, 2002), 
phonological stages of host plant (Agarwala 
and Datta, 1999) and genetic variation of 
canola cultivars (Kumar et al., 2011) on the 
rm of L. erysimi have been reported in 
previous studies. However, to our 
knowledge, this is the first assessment of 
nitrogen fertilization effect on rm of mustard 
aphid. 

In this research, experimental conditions 
were the same for all treatments. Therefore, 
a possible mechanism that contributed to 
variation of L. erysimi performance is the 
inherited differences of cultivars in nitrogen 
efficiency, which made various qualities in 
cultivars (e.g. leaf N content and C/N). It is 
known that higher nitrogen fertilization 
contributes to an increase in the total amino 
acid concentration in plants (Aqueel and 
Leather, 2011) and decrease in carbon-based 
defensive chemicals (Muzika and Pregitzer, 

1992), consequently, enhancing aphid 
performance (Bethke et al., 1998). Another 
possible reason for the variation in mustard 
aphids’ rm could be attributed to the 
concentration of secondary metabolites, 
glucosinolates (GS), in different canola 
cultivars (Embaby et al., 2010). In this 
regard, results of Cole (1997) showed a 
negative correlation between aphids’ rm (M. 

persicae and B. brassicae) and GS 
concentration in different Brassica species. 
GS concentration of the tested canola 
cultivars under different N regimes were not 
evaluated in the current study, thus, the 
possibility of this hypothesis needs more 
studies.  

In summary, results obtained in this study 
revealed the obvious influence of canola 
cultivars and nitrogen fertilization on life 
history parameters of L. erysimi. Based on 
our experimental results, cv Modena could 
be used as a part of an IPM strategy for 
population management of mustard aphid in 
the field conditions. In addition, 
optimization of nitrogen application with 
respect to canola yield and aphid population 
could be effective in attaining 
environmentally friendly agriculture and 
decreasing canola production costs.  

ACKNOWLEDGEMENTS 

The authors wish to acknowledge 
Ferdowsi University of Mashhad, Iran for 
financial support. 

REFERENCES 

1. Agarwala, B.K. and Datta, N. 1999. Life 
History Response of the Mustard Aphid 
Lipaphis erysimi to Phenological Changes in 
Its Host. J. Biosci., 24(2): 223-231. 

2. Ahuja, I.,  Rohloff, J. and Bones, A. M. 
2010. Defence Mechanisms of Brassicaceae: 
Implications for Plant-Insect Interactions 
and Potential for Integrated Pest 
Management. Agron. Sustain. Dev., 2: 311-
348. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

1.
5.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

22
 ]

 

                            10 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.1.5.6
https://jast.modares.ac.ir/article-23-1514-en.html


 Mustard Aphid Performance on Fertilized Canola ________________________________  

45 

3. Aqueel, M. A. and Leather, S. R. 2011. 
Effect of Nitrogen Fertilizer on the Growth 
and Survival of Rhopalosiphum padi (L.) 
and Sitobion avenae (F.) (Homoptera: 
Aphididae) on Different Wheat Cultivars. 
Crop Prot., 30: 216-221. 

4. Barłog, P. and Grzebisz, W. 2004. Effect of 
Timing and Nitrogen Fertilizer Application 
on Winter Oilseed Rape (Brassica napus 
L.). I. Growth Dynamics and Seed Yield. J. 

Agron. Crop Sci., 190: 305- 313. 
5. Bethke, J. A., Redak, R. A. and Schuch, U. 

K. 1998. Melon Aphid Performance on 
Chrysanthemum as Mediated by Cultivar, 
and Differential Levels of Fertilization and 
Irrigation. Entomol. Exp. Appl., 88: 41-47. 

6. Birch, L.C. 1948. The Intrinsic Rate of 
Natural Increase of an Insect Population. J. 

Anim. Ecol., 17: 15-26. 
7. Blackman R. L. and Eastop V. F. 1984. 

Aphids on the World's Crops: An 

Identification and Information Guide. John 
Wiley and Sons, New York, 466 PP. 

8. Chen, Y., Olson, D. M. and Ruberson, J. R. 
2010. Effects of Nitrogen Fertilization on 
Tritrophic Interactions. Arthropod-Plant 

Inte., 4: 81–94.  
9. Cole, R. A. 1997. The Relative Importance 

of Glucosinolates and Amino Acids to the 
Development of Two Aphid Pests 
Brevicoryne brassicae and Myzus persicae 

on Wild and Cultivated Brassica Species. 
Entomol. Exp. Appl., 85: 121–133. 

10. Davies, F. T. and He, C. 2004. Fertility 
Affects Susceptibility of Chrysanthemum to 
Cotton Aphids: Influence on Plant Growth, 
Photosynthesis, Ethylene Evolution, and 
Herbivore Abundance. J. Amer. Soc. Hort. 

Sci., 129(3): 344-353. 
11. Daugherty, M.P. 2011. Host Plant Quality, 

Spatial Heterogeneity, and the Stability of 
Mite Predator–prey Dynamics. Exp. Appl. 

Acarol., 53: 311–322. 
12. Embaby, H. E., Habiba, R. A., Shatta, A. A., 

Elhamamy, M. M., Morita, N. and Ibrahim, 
S. S. 2010. Glucosinolates and Other Anti-
nutritive Compounds in Canola Meals from 
Varieties Cultivated in Egypt and Japan. 
AJFAND, 10(8): 2967-2982.  

13. FAO (Food and Agriculture organizations of 
the United Nations). 2013. FAOSTAT, 

Agricultural Production. [WWW 
Document]. URL 
http://faostat3.fao.org/home/index.html. 

14. Fathi, S. A. A., Nouri-Ganbalani, G., and 
Sadagati, M. 2010. Resistance of Some 
Canola Cultivars to Myzus persicae 
(Hemiptera: Aphididae). Appl. Entomol. 

Zool., 45(4): 601–608.  
15. Fathi, S. A. A., Bozorg-Amirkalaee, M., and 

Muhammad Sarfaraz, R. 2011a. Preference 
and Performance of Plutella xylostella L. 
(Lepidoptera: Plutellidae) on Canola 
Cultivars. J. Pest Sci., 84: 41–47. 

16. Fathi, S. A. A., Gholami, F., Nouri-
Ganbalani, G. and Mohseni, A. 2011b. Life 
Hhistory Parameters of Thrips tabaci 
(Thysanoptera: Thripidae) on Six 
Commercial Cultivars of Canola. Appl. 

Entomol. Zool., 46: 505–510. 
17. Godoy, K. B. and Cividanes, F. J. 2002. 

Age-specific Life Tables of Lipaphis erysimi 
(Kalt.) under Laboratory and Field 
Conditions. Neotrop. Entomol., 31(1): 41-
48. 

18. Goggin, F. L. 2007. Plant-aphid Interactions: 
Molecular and Ecological Perspectives. 
Curr. Opin. Plant Biol., 10: 399–408. 

19. Golizadeh, A., Kamali, K., Fathipour, Y. 
and Abbasipour, H. 2009. Life Table of the 
Diamondback Moth, Plutella xylostella (L.) 
(Lepidoptera: Plutellidae) on Five Cultivated 
Brassicaceous Host Plants. J. Agric. Sci. 

Technol., 11: 115-124 
20. Gunasekera, C. P., Martin, L. D., Siddique, 

K. H. M. and Walton, G. H. 2006. Genotype 
by Environment Interactions of Indian 
Mustard (Brassica juncea L.) and Canola (B. 

napus L.) in Mediterranean-type 
Environments. 1. Crop Growth and Seed 
Yield. Europ. J. Agron., 25: 1–12. 

21. Hosseini, M., Ashouri, A., Enkegaard, A., 
Goldansaz, S. H., Nassiri Mahalati, M. and 
Hosseininaveh, V. 2010. Performance and 
Population Growth Rate of the Cotton Aphid 
and Associated Yield Losses in Cucumber, 
under Different Nitrogen Fertilization 
Regimes. Int. J. Pest Manage., 56(2): 127-
135. 

22. Kamkar, B., Daneshmand, A. R., 
Ghooshchi, F., Shiranirad, A. H. and 
Safahani Langeroudi, A. R. 2011. The 
Effects of Irrigation Regimes and Nitrogen 
Rates on Some Agronomic Traits of Canola 
under a Semiarid Environment. Agr. Water 

Manage., 98(6): 1005-1012. 
23. Khajezade, Y., Malkeshi, S. H. and 

Keyhaniyan, A. A. 2010. Canola Aphid 
Population Changes, Mustard Aphid Species 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

1.
5.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

22
 ]

 

                            11 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.1.5.6
https://jast.modares.ac.ir/article-23-1514-en.html


  ____________________________________________________________________ Fallahpour et al. 

46 

Biology and Its Natural Enemies Efficiency. 
IJPPS, 41(1): 165-178. (in Persian with 
English Summary) 

24. Kumar, A., Singh, D. P., Bikram, S. and 
Yashpal, Y. 2001. Effects of Nitrogen 
Application and Partitioning of Biomass, 
Seed Yield and Harvest Index in Contrasting 
Genotype of Oilseed Brassica. Ind. J. 

Agron., 46: 528-532. 
25. Kumar, S., Atri, C., Sangha, M. K. and 

Banga, S. S. 2011. Screening of Wild 
Crucifers for Resistance to Mustard Aphid, 
Lipaphis erysimi (Kaltenbach) and Attempt 
at Introgression of Resistance Gene(s) from 
Brassica fruticulosa to Brassica juncea. 
Euphytica, 179: 461–470. 

26. Maia, A. H. N., Luiz, A .J. B. and 
Campanhola, C. 2000. Statistical Inference 
on Associated Fertility Life Parameters 
Using Jackknife Technique: Computational 
Aspects. J. Econ. Entomol., 93: 511-518. 

27. Majnoun Hosseini, N., Alizadeh, H. M. and 
Malek Ahmadi, H. 2009. Effects of Plant 
Density and Nitrogen Rates on the 
Competitive Ability of Canola (Brassica 

napus L.) against Weeds. J. Agric. Sci. 

Technol., 8: 281-291. 
28. Meyer, J. S., Ingersoll, C. G., McDonald, L. 

L. and Boyce, M. S. 1986. Estimating 
Uncertainty in Population Growth 
Techniques. Ecol., 67: 1156-1166. 

29. Mostafavi Rad, M., Tahmasebi Sarvestani, 
Z., Moddares Sanavi, A. M. and Ghalavand, 
A. 2011. Effect of Nitrogen Sources on Seed 
Yield, Fatty Acids Composition and Micro 
Nutrients Content in High Yielding 
Rapeseed (Brassica napus L.) Varieties. 
SPPJ, 26(4): 387-401. 

30. Muzika, R. M. and Pregitzer, K. S. 1992. 
Effect of Nitrogen Fertilization on Leaf 
Phenolic Production of Grand Fir Seedlings. 
Trees, 6(4): 241–244. 

31. Nevo, E. and Coll, M. 2001. Effect of 
Nitrogen Fertilization on Aphis gossypii 
(Homoptera: Aphididae): Variation in Size, 
Color, and Reproduction. J. Econ. Entomol., 
94: 27–32. 

32. Öztürk, Ö. 2010. Effects of Source and Rate 
of Nitrogen Fertilizer on Yield, Yield 
Components and Quality of Winter 
Rapeseed (Brassica napus L.). Chil. J. Agr. 

Res., 70(1): 132-141. 
33. Richards, L. A. 1954. Diagnosis and 

Improvement of Saline and Alkali Soils. 
Handbook No. 60, USDA, PP. 159. 

34. Roudposhti, S., Moravej, G. and Hosseini, 
M. 2012. Evaluation the Resistance of 
Different Brssica Species to Lipaphis 

erysimi at Greenhouse Conditions. Plant 

Prot., 26(2): 224-230. (in Persian with 
English summary) 

35. Rund, R. C. 1984. Fertilizers. In: "Official 

Methods of Analysis of the Association of 

Official Analytic Chemists", (Ed.): Williams, 
S.. 14th Edition, AAOAC, Arlington, VA, 
PP. 8-37. 

36. Sarfraz, R. M., Dosdall, L. M. and Keddiel, 
A. B. 2009. Bottom-up Effects of Host Plant 
Nutritional Quality on Plutella xylostella 
(Lepidoptera: Plutellidae) and Top-down 
Effects of Herbivore Attack on Plant 
Compensatory Ability. Eur. J. Entomol., 
106: 583–594. 

37. SAS Institute. 2004. SAS⁄STAT 9.1, User’s 

Guide. SAS Institute Inc., Cary, NC, USA. 
38. Soufbaf, M., Fathipour, Y., Zalucki, M. P. 

and Hui, C. 2012. Importance of Primary 
Metabolites in Canola in Mediating 
Interactions between a Specialist Leaf-
feeding Insect and Its Specialist Solitary 
Endoparasitoid. Arthropod-Plant Inte., 6: 
241–250. 

39. Svečnjak, Z. and Rengel, Z. 2006. Canola 
Cultivars Differ in Nitrogen Utilization 
Efficiency at Vegetative Stage. Field Crops 

Res., 97: 221–226. 
40. Trdan, S., Milevoj, L., Žežline, I., Raspudič, 

E., Anđus, L., Vidrih, M., Bergant, K., 
Valič, N. and Žnidarčič, D. 2005. Feeding 
Damage by Onion Thrips, Thrips tabaci 
Lindeman (Thysanoptera, Thripidae), on 
Early White Cabbage Grown under 
Insecticide-free Conditions. Afr. Entomol., 
13(1): 85-95. 

41. Trdan, S., Žnidarčič, D., Kač, M. and 
Vidrih, M. 2008. Yield of Early White 
Cabbage Grown under Mulch and Non-
mulch Conditions with Low Populations of 
Onion Thrips (Thrips tabaci Lindeman). Int. 

J. Pest Manag., 54(4): 309-318. 
42. Žanić, K., Ban, D., Gotlin Čuljak, T., 

Goreta, Ban S., Dumičić, G., Haramija, J. 
and Žnidarčič, D. 2013. Aphid Populations 
(Hemiptera: Aphidoidea) Depend of 
Mulching in Watermelon Production in the 
Mediterranean Region of Croatia. Span. J. 

Agric. Res., 11(4): 1120-1128. 
43. Zarghami, S., Allahyari, H., Bagheri, M. R. 

and Saboori, A. 2010. Effect of Nitrogen 
Fertilization on Life Table Parameters and 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

1.
5.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

22
 ]

 

                            12 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.1.5.6
https://jast.modares.ac.ir/article-23-1514-en.html


 Mustard Aphid Performance on Fertilized Canola ________________________________  

47 

Population Growth of Brevicoryne 

brassicae. B Insectol., 63(1): 39-43. 
44. Zhang, Z., Song, H. and Guan, C. 2012. 

Nitrogen Efficiency in Oilseed Rape and Its 
Physiological Mechanism. In: "Oilseeds", 
(Ed.): Akpan, U. G.. In Tech Publisher, 
Nigeria, ISBN: 978-953-51-0665-4, PP.63-
80. 

45. Žnidarčič, D., Valič, N. and Trdan, S. 2008. 
Epicuticular Wax Content in the Leaves of 
Cabbage (Brassica oleracea L. var. 

capitata) as a Mechanical Barrier against 
Three Insect Pests. Acta Agric. Slov. 91(2), 
361-370. 

46. Žnidarčič, D., Marković, D., Vidrih, R., 
Bohinc, T. and Trdan, S. 2011. Which 
Biophysical and Biochemical Factors May 
Contribute to Higher Resistance of Cabbage 
(Brassica oleraceae L. var. capitata) to 
Attack of the Most Important Pests. Acta 

Agric. Slov., 97(2): 151-158. 

خردل در تغذيه از ارقام كلزا تحت تأثير سطوح مختلف  پارامترهاي زيستي شته

  كوددهي نيتروژن

 پور، ر. قرباني، م. نصيري محلاتي، م. حسينيف. فلاح

  چكيده

 را گياهخوار حشرات و گياه ميان متقابل اثرات زراعي، گياهان در نيتروژن كودهاي مصرف افزايش

 اثر تحقيق اين در. گردد گياهخوار آفات جمعيت رشد افزايش باعث تواندمي و دهدمي قرار تأثير تحت

 و اوكاپي زرفام، ارقام شامل) Brassica napus L( كلزا رقم سه غذايي كيفيت بر نيتروژن كوددهي

 ايگلخانه شرايط تحت) .Lipaphis erysimi Kalt( خردل شته زيستي توانايي بر آن اثر و مودنا

 هكتار در نيتروژن كيلوگرم 225 و 150 ،75 صفر، شامل ژننيترو تيمار سطوح. گرفت قرار بررسي مورد

 نسبت كاهش و گياه نيتروژن محتواي بهبود سبب نيتروژن كود كاربرد افزايش كه داد نشان نتايج. بود

 نسبت گياهخوار آفت براي را غذايي كيفيت بهترين زرفام، رقم اساس اين بر. شد برگ نيتروژن به كربن

 هايشته بنابراين. داد افزايش خردل شته به را گياهان حساسيت كوددهي طوركليهب. داشت ارقام ساير به

 رشدي دوره تر،كوتاه پورگي نمو دوره داراي كردند دريافت بيشتري نيتروژن كه گياهاني از شده تغذيه

 رقاما در ترتيب به) rm( شته رشد ذاتي نرخ بيشترين و كمترين. بودند بيشتر باروري و ترطولاني بالغ

 با. داشت رشد ذاتي نرخ بر مثبتي اثر ارقام تمام در نيتروژن كوددهي علاوه به. شد محاسبه زرفام و مودنا

 زيست هايروش توانندمي مقاوم ارقام كاشت و نيتروژن كوددهي مديريت تحقيق، اين نتايج به توجه

  .باشند خردل شته جمعيت مديريت جهت در مناسبي محور
 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
15

.1
7.

1.
5.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
5-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dorl.net/dor/20.1001.1.16807073.2015.17.1.5.6
https://jast.modares.ac.ir/article-23-1514-en.html
http://www.tcpdf.org

