[ Downloaded from jast.modares.ac.ir on 2025-08-16 ]

[ DOR: 20.1001.1.16807073.2015.17.6.17.8 ]

J. Agr. Sci. Tech. (2015) Vol. 17: 1517-1528

Effect of Nitrogen Fertilizer on Biological Parameters of the
Aphis craccivora (Hemiptera: Aphidiae) and Associated

Productivity Losses in Common Globe Amaranth

A. Hosseinil, M. Hosseini 1*, M. Goldaniz, J. Karimil, and H. Madadi’

ABSTRACT

Reducing nitrogen status of floriculture plants is an effective tactic in pest management
by decreasing host plant quality. Life table parameters and population growth rate of
Aphis craccivora (Hemiptera: Aphidiae), as well as cosmetic and qualitative parameters
losses associated with aphid infestation were evaluated in relation to N fertilization levels
on Gomphrena globosa, under greenhouse condition. Four N fertilization levels (0, 30, 60,
and 100% of recommended 2 kg m™) were used. The results indicated that aphid’s
intrinsic rate of natural increase on plants fertilized with 100% of the recommended N
level was the highest. Abundance and population growth rate of aphid also positively
correlated with N fertilization levels. The interactive effect of aphid population and N
fertility significantly affected growth parameters of the plants. In the absence of aphid,
plant yield improved linearly with increasing N levels. However, aphid population highly
decreased shoot to root ratio and the number of flowers in plants fertilized with 100% of
the recommended N level. According to our findings, fine-tuning fertility to reduce A.
craccivora population is a steadfast tactic to produce marketable globe amaranth
ornamental plant.

Keywords: Aphid performance, Aphis craccivora, Nitrogen fertilization, Plant yield,

Population growth.

INTRODUCTION

Gomphrena globosa L. (Amarantaceae),
the common globe amaranth, is a popular
ornamental plant grown as cut flower,
annual beds, border and potted flowering
plants in mild-climate regions (Dinda et al.,
2006). This ornamental plant has relatively
few pests (Bachman, 2011), among which
the cowpea aphid, Aphis craccivora Koch
(Hemiptera: Aphididae), is a serious one
(Lovisolo and Conti, 1966; Jones, 1967,
Tao, 1990). This aphid causes plant growth
stunting, deformed leaves, and delay in

initiation of flowering by feeding phloem
sap and transmission of viral diseases. Even
in heavy attack, it can cause plant death
(Obopile, 2006). In consequence, cosmetic
parameters of ornamental plants such as G.
globosa devalue and crop yield reduction
(Byrne et al., 1990; Alfonsina, 2008).
Nutritional quality of plant plays a
significant role in host plant-herbivore
interactions (Mattson, 1980; White, 1993;
Trdan et al., 2005; Tradan et al., 2008).
The most critical macronutrient, which
profoundly influences the growth and
fecundity of herbivorous insects, is nitrogen
(Mc Neill and Southwood, 1978; Douglas,
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2006). Probably, one important reason for
this phenomenon is the vast differences in
N compound concentration between
herbivorous insects (6-10%) and plant
tissues (1.5-3%) (Mattson, 1980; Elser et
al., 2000). Scarcity of N compounds is
especially true for phloem-feeding insects
(e.g. aphids) because of the low N content
of phloem (0.004-0.06%) compared to
other plant tissues (Minkenberg and
Fredrix, 1989; Ponder et al., 2000). One of
the cultural practices of ornamental plants
that is commonly applied to improve their
commercial and aesthetic aspects is N
fertilization (N) (Eliott et al,. 2004; Chau et
al., 2005). However, N fertility, with
increasing amino acid and nitrate level in
host plant (Mengel and Kirkby, 2001) can
enhance nutritional quality and
attractiveness of plants for herbivorous
insects; therefore, it improves performance
parameters of phloem feeders (Mattson,
1980; White, 1993; Douglas, 2006;
Fallahpour et al., 2015). For instance,
results of a study conducted by Aqueel and
Leather (2011) showed that 0.4 g plant”' N
fertilizer in the form of ammonium nitrate
significantly enhanced the fecundity and
longevity of Sitobion avenae (F.) and
Rhopalosiphum padi (L.) in comparison to
those by 0.1 g plant' N fertilizer level.
Zehnder and Hunter (2008) also found an
increase in per capita population growth of
Aphis nerii Boyer de Fonscolombe on
Asclepias tuberosa L., i.e. plants with
application of N fertilization in the form of
ammonium nitrate.

Thus, based on previous reports,
lowering N fertilization level, which may
reduce yield and quality of ornamental
plants a little, could be a useful
management tactic to decrease pest
population and control costs (Chau et al.,
2005; Chow et al., 2011). In the north and
northeast of Iran, G. globosa plants have
been produced as a popular floriculture
crop (Ghasemi and Kafi, 2007). The results
of earlier studies indicated that the nursery
of this plant needed a high N fertilization
regime due to its fast-growing and highly-
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demanding nutrition (Huang et al., 2002;
Benary, 2011) so as to increase their
susceptibility to damage caused by aphid
infestation. Thus, N fertilizer usage should
be optimized to a level that markedly
maintains physiological status of plant
optimum and aesthetic parameters whilst
minimizing the aphid population growth.

In this study, the specific objectives were
to: (1) Assess the effect of N fertilization
levels on life table parameters of the
cowpea aphid on G. globosa plants, (2)
Evaluate the effect of N fertilization on
aphid population growth rate and the
associated amaranth plants productivity
(e.g. number of flower buds) and quality
losses (e.g. nitrogen-compounds status of
leaf) under greenhouse conditions.

MATERIALS AND METHODS

Host Plant, Fertilization and Aphid
Population

Sixty four seedlings (7 cm in height) of
the common globe amaranth were
transplanted into separated plastic pots
(23x17 cm, heightxdiameter) on July 5"
2011. The pots were filled with 3 kg
substrate including perlite (Mehr Parsian
Exir Company, Iran), sphagnum peat moss
(Kuomari Coir Products, Singapore), and
sandy soil (ratio 1:1:1 v/v) as a growing
media (Huang et al., 2002). The seedlings
were irrigated two times daily for 4 weeks
with distilled water. One month after
transplanting, the seedlings (17 cm in
height) were subsequently assigned to
different N treatments until the end of
experiments. The recommended N level for
the periodic feeding (thrice weekly for two
months) of potted amaranth plants is
approximately 2 kg m~ (as slow release N
fertilizer) (Benary, 2011). The volume of
amaranth plant pot was 7.6x10” m’, so the
recommended level of N fertilization per pot
was calculated at 12 g. Based on N fertilizer
(Urea, CO (NH,) , as source of nitrogen),
four different N treatments including 0, 30,
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60, and 100% of the recommended N level
(12 g), were applied. The amounts of
phosphorous (P) (trisodium phosphate as
source of phosphorous) and potassium (K)
(potassium sulfate as source of potassium) in
all N fertilization treatments were equal to
10 g (52 g trisodium phosphate) and 20 g
(44 g potassium sulfate), respectively. These
amounts were separately given to the units
three times for two weeks, starting with N
application. The plants received
recommended nutrient (N, P, K) solution
(100 ml), and, in the intervals between
fertilizers applications, were tap watered. All
plants were kept at 26+1°C, 65+5% RH and
a light: dark regime of 16 L:8 D hour. The
study was terminated on October 30", 2011.

Aphids used in this study were procured
from an A. craccivora colony, originally
established with individuals collected from
bean, Phaseolus vulgaris L., grown in a
research greenhouse at the College of
Agriculture of Ferdowsi University of
Mashhad, Iran. The aphids were grown on
vegetative G. globosa plants within net-
covered cages (60x70 cm, heightxdiameter)
for 53 days. The cages were kept in a growth
chamber at 26+1°C, 65+5% RH and a light:
dark regime of 16 L:8 D hour.

Effects of N fertilization Levels on Life
Table Parameters of A. craccivora

To determine the performance of A.
craccivora on amaranth plants fertilized
with different N regimes, life table
parameters of aphid were considered as trial
1. Eight amaranth plants were assigned to
each of the four N fertilization treatments. In
each N fertilization treatment, 35 adult
aphids from the reared colony were placed
individually on the surface of young
expanded plant leaves (90 days old) using
camel’s hair brush. A ventilated clip cage
(1.5 cm® in diameter) encaged each
individual aphid. After 24 hours, adults and
all the youngs, except one first instar, were
removed. This single aphid was allowed to
develop to adulthood. All aphids were
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checked daily from the onset of reproduction
and every other day thereafter. The number
of young nymphs produced by each aphid
(age-specific fecundity) was also recorded
daily and then removed during the
remainder of its life. This trial was done in a
growth chamber at 26+1°C, 65+5% RH, and
16:8 hour (L: D) photoperiod. To construct
the age-specific fertility life table, age
specific survival rate (I,) and average aphids
progeny in x age class (my) were obtained.
Based on these data, the intrinsic rate of
natural increase (r,, female progeny per
female per day) was estimated using the
following equation (Birch, 1948):

ZLxmxefrmpivomlx =1 (1)

Where, L, and pivotal x are (I, + [,,;)/2 and
[x+(x+1)/2], respectively. Other

parameters of fertility life table including net
reproduction rate (Ry= Zl; my), Doubling
Time (DT= (In 2)/r,,), mean generation time
(T = (Ln Ry) /r,,) and finite rate of increase
(A4 = e ™) were likewise computed (Carey,
1993). To find the differences in Ry, T, DT, A
and r,, values, Jackknife method was applied
for producing pseudo-values (Meyer et al.,
1986; Maia et al., 2000).

To assess the impact of different N
fertilization levels on the aphid performance,
the life table parameters of A. craccivora,
except aphid nymphal survivorship which
was analyzed with non-parametric Kruskal-
Wallis test, were subjected to one-way
ANOVA (SAS Institute Inc. 2003).
Accordingly, if significant differences
between means were detected (P< 0.05),
Fisher’s Protected LSD test was used. Before
ANOVA, the normality of the data was
tested by Kolmogrov-Smirnov in Minitab
software (Minitab 16 statistical software).
Assumption of the homogeneity of data was
tested through Bartlett’s test in the same
software.

Effect of N Fertilization Levels on
Aphid Population Growth Rate
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This experiment was a completely
randomized design (4x2 full factorial) with
the four levels of fertilization (0, 30, 60, and
100% of the recommended N level) crossed
with two levels of aphid densities (12
individuals of A. craccivora or no aphids) as
trial 2. The experimental unit consisted of an
individual amaranth plant enclosed in a
70x30 cm (heightxdiameter), cylindrical-
shaped clear plastic container topped with an
organdy-mesh cover. Eight units were used
for each of the four N fertilization
treatments. Half of the units per treatment

were randomly selected and inoculated with
aphids when the plants were 13 weeks old
(60 days after the plants were assigned to the
treatments). To approach a stable age
distribution and allow the population to
grow exponentially from the start of the
experiment (Vehrs et al. 1992), variously-
aged aphids (four adults, 4 L 3-4, 4 L 1-2)
were transferred, using a camel’s hair brush.

to the apical region of the plant in each unit.
To assess the effect of aphid infestation on
yield losses and cosmetic parameters of
amaranth plants, the other 4 units were kept
free of aphids. Aphid infested (Al) and non-
infested (non-Al) plants were grown in two
growth chambers (26+2°C, 65+10% RH, 16
L: 8 D hour) to avoid aphid’s contamination.
Both growth chambers had the same
environmental conditions.

Fifteen days later, equivalent to
approximate 4x(multiplication) the doubling
time of A. craccivora, the total number of
aphids was counted visually in each unit of
N treatments and population growth rate (r)
of aphid was estimated using the following
formula (Hosseini et al., 2010a):

_In(v,, /N, o
t

Where, N, is the population size at time x,
N,,; the population size at time x+/ and ¢

the difference in days between time x+/ and

X.

One-way ANOVA was applied to analyze
the effect of fertilization levels on the
overall population growth rate of the aphid.
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Whenever a significant result for the
ANOVA was obtained (P< 0.05), Fisher’s
Protected LSD test was performed to
determine the significance of differences
between means.

Effect of N Fertilization Levels on G.
globosa Growth Parameters

At the termination of trial 2, net
photosynthesis, stomatal conductivity, leaf
chlorophyll content, leaf area, flower and
bud number, and plant height as well as dry
weight of shoot (total plant top), root, leaf
and central stem of amaranth plant were
measured to characterize yield of plant in A/
and non-Al units.

Net photosynthesis rate (P,) and stomatal
conductivity (g;) were taken between 8:00
and 9:00 a.m. in each fertilization treatment
using portable photosynthesis system (LI-
COR Inc., Lincoln, NE, USA) and leaf
porometer system (Sc-1), respectively. In
both measurements, three new expanded
leaves from each pot (either Al or non-Al
pot) were randomly selected. There were 6
replications per treatment combination (n=
6).

Leaf chlorophyll content was obtained
with a SPAD portable leaf chlorophyll meter
(SPAD-502, Minolta Camera, Co. Japan).
Each leaf was one replication, and there
were three replications per treatment
combination (n= 3). During the study, P,, g,
and leaf chlorophyll content were measured
once a week, but only the last data were
reported.

For measuring shoot dry matter (equal to
leaf and central stem DM) and root in each
pot, total top plant (whole aerial shoot of the
plant) and root were harvested and lightly
washed with deionized water. Then, the
leaves, central stem and root of harvested
plants were detached and separately oven-
dried for 48 hours at 70°C and weighed by a
digital balance (Sartorius GD503, Germany,
sensitivity 1mg) to obtain shoot dry matter.

The acquired data was analyzed using a
two-way factorial ANOVA to assess the


https://dorl.net/dor/20.1001.1.16807073.2015.17.6.17.8
https://jast.modares.ac.ir/article-23-7957-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-16 ]

[ DOR: 20.1001.1.16807073.2015.17.6.17.8 ]

Nitrogen Fertilizer Effect on Aphid Performance

effect of interaction between N fertilization
levels and aphid presence. Significant
differences were determined (P< 0.05) by
Fisher’s LSD test. To estimate the effect of
N fertilization level on population growth
rate of A. craccivora and the associated
losses of flower number and shoot to root
ratio in amaranth plant, the linear regression
model was used.

Effect of N Fertilization Levels on G.
globosa Nutrient Quality

At the termination of trial 2, to measure
values of leaves total N and carbon contents,
apical leaves (each leaf was a single
replication) were dried like previous
experiment and packed into tin capsules
(each sample containing 2-3 mg dry matter).
For each element (N and C), 6 replications
per treatment were used. The total N and C
contents were measured using the Kjeldahl

procedure  (Jones, 1984) and simple
acidimetric  titration (Richards, 1954),
respectively.

Nutritional variables were subjected to
two-way ANOVA to evaluate the interactive
effect of N fertilization levels and aphid
presence. The means were separated by the
Least Significant Difference (LSD) test
when a significant F-value (P< 0.05) was
obtained.
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RESULTS

Effects of N Fertilization Levels on Life
Table Parameters of A. craccivora

Aphid nymphal Developmental Time and
Survivorship

Nymphal developmental time of Aphis
craccivora was not influenced by N
fertilization levels (F; 7= 0.7, P> 0.05,
Table 1). Likewise, no significant N
treatment effect was observed for aphid
juvenile survivorship (H= 1.6, P> 0.05,
Table 1).

Aphid Adult Longevity and Reproduction

The applied N fertilization levels did not
have any significant effect on aphid adult
longevity (F;, 7= 1.08, P> 0.05, Table 1).
The highest number of offspring per adult
aphid (12.4+1.1) was acquired on the plants
fertilized with 100% recommended N level
and the lowest number (7.9+1.2) was
observed on the plants not fertilized (F;7¢=
2.68, P< 0.05, Table 1).

Age-Specific  Fertility Life  Table

Parameters

Aphids feeding on the plants that received
the greatest N level (12 g) had the highest 7,
and the lowest value was observed in aphid

Table 1. Life table parameters (mean+SE) of Aphis craccivora on Gomphrena globosa plants grown

under different N levels (n= 35).”

Nitrogen treatment (% of recommended N level) LSD

Parameters” 0 30 60 100

Juvenile survivorship 18 a 19a 24 a 25a B
Developmental time (Days) 94+0.11a 9.6+023a 9.5+0.13a 9.7+0.18 a 0.528
Adult longevity (Days) 93+1.75a 12+1.65a 11.2+1.58 a 134+1.11a 4.675
Total nymph per adult 79+12c 92+12b 9.6+09b 124+1.1a 3.303
R, (Female/Female/Generation) 4.9 £0.92 ¢ 7.4+£094Db 8.7+£0.89b 122+1.05a 2.856
1, (Female/Female/Day) 0.12+£0.007¢c  0.147+0.005b 0.16+0.006b 0.178 £0.006a 0.024
A (Female/Female/Day) 1.12+£0.01 ¢ 1.15+£0.01b 1.17+£0.007b 1.2+0.007 a 0.023
T.(Days) 13.62+027a 13.74+£029a 1346 +0.27a 14 £0.240a 0.811
D, (Days) 551+0.253a 4.65+0.15b 435+£0.162b 3.85+0.16¢ 0.554

¢ Within the same row, means followed by the same letters indicate that they were not significantly
different (P= 0.05, LSD after one-way ANOVA). b .. Intrinsic rate of increase; R,: Net reproductive
rate; /: Finite rate of increase; 7.: Mean generation time (days), and D,;: Doubling time (days).
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reared on non-N-fertilized plants (0) (F; 4=
2.48, P< 0.05, Table 1). Likewise, the net
reproductive rate (Ro) and finite rate of
increase (1) of A. craccivora positively grew
by increasing N fertilization levels (Ry: Fs
74= 9.31, P< 0.05; A F3, 4= 11.87, P< 0.05,
Table 1). Aphids reared on plants with 100%
recommended N level had the shortest
doubling time (Dr: Fs;74= 13.64, P< 0.05).
However, N fertilization levels did not have
any significant effect on aphid generation
time (T) (T: F574=0.72, P> 0.05, Table 1).

Effect of N Fertilization Levels on
Aphid Population and Quality Losses of
G. globosa Plants

Results of linear regression analysis
revealed that the growth population rate (r)
of A. craccivora grew along with increasing
N fertilization levels to reach a maximum
level (0.141+0.006) for aphids reared on
amaranth plants fertilized with 100%
recommended N level (F;, 1, = 6.05, P< 0.05,
Y=0.004 X+0.9, P< 0.05, R’= 0.58).

A. craccivora infestation significantly
reduced both vegetative and reproductive
growth parameters of Al plants. P, and g
were the highest in non-Al plants, fertilized
with 60% of the recommended N level,
while they were lowest in A/ plants fertilized
with 100% recommended N [P,: F; 4= 8.19,
P< 0.05, g F547=5.85, P< 0.05; Figure 1 (A
and B)].

There was a significant interactive effect
of N fertilization levels and aphid presence
on chlorophyll content of leaves (F; ;= 3.68,
P< 0.05). Chlorophyll content did not have a
significant difference among N fertilized
plants (Figure 1-C). However, in non-
fertilized treatment, there was a significant
fall in chlorophyll content of both Al and
non-Al plants.

In the 100% N recommended fertilized
non-Al plants, root Dry Matter (DM) was
markedly lower than that in other treatment
combinations (F; ;= 9.76, P< 0.01, Table 2).
In the highest N (100%) received non-Al
plants, central stem DM increased
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Figure 1. Effect of N fertilization levels and
aphid presence on: (A) Leaf chlorophyll
content [effect of N fertilization, aphid
presence and both of them on leaf chlorophyll
content were respectively, P< 0.05, no
significant and P< 0.05]; (B) leaf stomatal
conductivity (g,) [effect of N fertilization,
aphid presence and both of them on leaf g
were respectively, P< 0.05, P< 0.05 and P<
0.05]; and (C) Net photosynthesis rate (P,)
[effect of N fertilization, aphid presence and
both of them on P, were respectively, P< 0.05,
, P< 0.05 and P< 0.05]. n= 3 for leaf
chlorophyll; n= 6 for P, and g,; bars indicate
the standard error of mean, when absent it falls
under the symbol, and means with different
letters indicate significant differences among
treatment combinations (P< 0.05, LSD after
two-way factorial ANOVA).
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significantly (F; ,;= 5.03, P< 0.05, Table
2). Leaf DM in non-Al plants fed either with
60 or 100% N reached the highest level (F,
»=52.70, P< 0.01, Table 2). The number of
flowers and shoot to root ratio were
significantly  different in  treatment
combinations (Number of flower: F; =
16.06, P< 0.01; Shoot to root ratio: F; =
48.02, P< 0.01), and those were highest in
non-Al plants fertilized with 100% N
recommended level (Table 2).

The regression analyses confirmed a major
positive relationship between N fertilization
level and both the number of flowers and
shoot to root ratio in the absence of aphid
[Shoot to root ratio (A): Y= 0.11X+5.4, P<
0.01, R*= 0.75; Number of flowers (B): Y=
0.48X+479, P< 001, R*> = 0.77].
Nevertheless, in the presence of aphid, these
relationships were less strong than in the
absence of aphid, both regarding shoot to
root ratio (Y= 0.02X+6.4, P< 0.05, R’=
0.45) and the number of flowers (Y=
0.31X+44.9, P< 0.01, R>= 0.88).

Leaf-N content was at its peak in non-Al
plants fertilized with either 60% or 100% of
the recommended N level in comparison
with the other treatment combinations (N:
F1!35= 6.89, P< 0.05; C/N: F1!35= 11.76, P<
0.05, Table 2). In addition, in non-fertilized
plants, leaf-N content markedly decreased.
The highest C/N ratio was obtained in non-
Al plants with no fertility; whereas the
lowest C/N ratio was found in both non-Al
and AJ plants fertilized with either 60% or
100% of the recommended N level (Table
2).

DISCUSSION

Based on evidence in the literature, N
fertilization of ornamental plants generally
leads to increased growth rate and higher
potential fecundity of insect herbivores and,
ultimately, to increased population densities
(Bentz and Larew, 1992; Davies et al., 2004;
Hogendorp et al., 2006; Chow et al., 2011).
The results of the present study also confirmed
that some life table parameters, such as the
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intrinsic rate of increase (r,,) of A. craccivora
positively correlated with the application of N
fertilization in G. globosa plants. Nevertheless,
since there was not a significant difference of
developmental time of A. carccivora on
plants’ receiving various amounts of N
fertilization, aphids’ r, was only affected by
its fecundity rate. In other words, greater aphid
fecundity by increasing N application resulted
in higher r,, of aphids. Namely, according to
Jauset et al. (2000), lower egg mortality, larger
nymphs and females, and higher oviposition
frequencies of T. vaporariorum result from
over-fertilization of the host plant. The r,, of
the whiteflies that developed on tomato plants
fertilized with the highest nitrogen level was
about 14% higher (no significance was found)
than that of whiteflies that developed on plants
supplied with the lowest nitrogen level.
Besides, Khan and Port (2008) reported that
while higher N fertilization levels did not
significantly —affect maturation time of
Rhopalosiphum padi (L.) on Triticum aestivum
L., aphids’ r,, was increased in aphid fecundity
on plants receiving higher N fertilization
levels. Therefore, it seems that fecundity of
insect herbivore is the most important
determinant of population growth in the
context of fertilizer effects (Stafford er al.,
2012).

Population size of A. craccivora responded
well to N fertilization levels on amaranth
plants. Chow et al. (2009) similarly reported
that the density of Tetranychus urticae Koch
on the cut roses was affected by N fertilization
and enhanced with increasing N level (from 15
to 150 ppm). High population density of B.
tabaci adult and immature instars on tomato
were related to fertilization by 205 mg L' N
and 335 mg L™ (Zani¢ et al., 2011). Moreover,
the population growth of A. gossypii was at its
highest on cucumber at the greatest N level
(190 ppm) (Hosseini et al., 2010a).

In general, the better the growth rate is, the
higher the population density of A. craccivora
is correlated with the highest N content, in
plants fertilized with 100% of the
recommended N level. Dietary N, which is an
important factor in aphid development and
growth, fundamentally exists in the forms of
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amino acids in phloem (Douglas, 2006).
Therefore, increasing N in plant tissues with N
fertilization may enhance total amino acid
concentration in phloem, thus, aphids have a
greater supply of nutritional elements (White,
1993; Bentz et al., 1995). On the other hand,
increasing N fertilization decreased the C/N
ratio of amaranth plants phloem tissue, and
probably  their carbon-based secondary
compounds, including flavonoid (Ferreres et
al., 2011), saponin and coumarine (Rufino
Arcanjo et al, 2011), and sterol glucoside
compounds (Dinda et al., 2006). Therefore,
reduced levels of defensive metabolites of G.
globosa plants induced by higher N content
might have contributed to the better
performance and population increase of A.
craccivora. Yet, concentrations of carbon-
based secondary metabolites of amaranth
plants under different N regimes were not
evaluated in the current study. Therefore, the
possibility of this hypothesis would be
addressed in future research.

The plant phenotypic plasticity is the ability
of morphological modification in response to
the biotic and abiotic stimulants (Valladares et
al., 2007; Zani¢ et al., 2013). The biotic effect
of aphids infestation on host plant and the
abiotic response to high N fertilization led to
changes in growth parameters of plants
(Valladares et al., 2007). In this study,
vegetative (shoot to root ratio), and
reproductive (flower number) yield, as well as
physiological status of amaranth plants were
greatly affected by N fertilization levels and
aphid presence.

In the presence of aphid, the associated
productivity losses of G. globosa plants which
received the highest N fertilization was more
than those of plants which were fed with lower
N fertilization levels. For instance, the number
of flowers in the plants with 100% of the
recommended N fertilization showed greater
loss (c.a 22%) than that in the plants receiving
60% N (c.a 5%). In addition, the higher loss of
shoot to root ratio (c.a 59%) was acquired in
the plants grown on 100% N level than that in
plants grown with 60% N level (18%). The
highest productivity losses of infested plants
fertilized with 100 % N may be attributed to
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their lowest net photosynthesis rate (P,)
(Figure 1). Indeed, higher aphid population at
higher N fertilization level could decrease P,
by feeding on sap phloem N content in which
the lower amount of N element was allocated
to plants P, (Davies et al., 2004). Similar to
our result, Hosseini et al. (2010a) reported that
at the highest N fertilization level (190 ppm),
A. gossypii induced the greatest yield reduction
of cucumber plants, which is probably related
to a significant decrease in net photosynthesis
rate.

G. globosa is an ornamental plant used as a
bed in public locations or cut flower; therefore,
it is critical to be grown in a way that supports
lower risks of insecticide applications. In
floriculture crops, reduction of fertilization
could be considered as an effective tactic in
pest management, if altered fertilization
regimes can reduce pest populations with little
loss in crop yield (Chow et al., 2009; 2011).
Our results have demonstrated that lowering N
fertilization in amaranth plants with 60% of
recommended N significantly decreased A.
craccivora population without substantial loss
of flower yield and marketability. Then, a
proper application of N fertilization could be
used for reducing A. craccivora populations.
Consequently, growers would benefit from
application of less insecticides. Moreover,
reduction in the amount of N application has
additional advantages such as reducing
floriculture production costs and chemical run-
off. Finally, we suggest that future studies
should evaluate the effectiveness of reduction
in fertilization as a relatively simple and easily
implemented tactic with other IPM strategies,
including biological control (Hosseini et al.,
2010b), and cultural practices (Stavisky et al.,
2002) for A. craccivora management on
amaranth plants and other ornamental crops.
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