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Abstract: The Bird cherry-oat aphid, Rhopalosiphum padi (L.) is a serious
threat to several cereal crops. Host-plant resistance to this aphid could be
especially valuable in cereal crops pest management. Therefore, we evaluated
the development, survivorship, reproduction and population growth parameters
of R. padi as resistance indices among six wheat cultivars, including Gaskojen,
Tajan, Falat, Saysonz, Kras and Sardari at 25 °C under laboratory conditions.
The development time and fecundity of aphid differed significantly among the
tested wheat cultivars. The ry, values were highest for aphids reared on Sardari
and lowest on Gaskojen and intermediate on Tajan, Saysonz and Kras
cultivars. Aphid showed the longest development time and the lowest
fecundity, reflecting in the lowest r, value on Gaskojen cultivar.
Consequently, Gaskojen showed more positive characteristics and was
relatively not susceptible cultivar that could be considered for planning a
comprehensive IPM program of R. padi.
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Introduction

Wheat, Triticum aestivum L. (Poaceae), is the
most important cereal cultivated widely in Iran.
According to the Iranian Ministry of Jihad-e-
Agriculture’s reports, it is planted on more than
7,200,000 ha of land in this country. Cereal
aphids can cause serious problem in wheat
growing areas (Dixon 1987). Various aphids in
Iran, including The bird cherry-oat aphid,
Rhopalosiphum padi (Homoptera: Aphididae),
at high population levels can considerably
reduce the quantity and quality of cereal crops.
The bird cherry-oat aphid, R. padi is
usually part of a complex of cereal aphids that
infest small grains. It is recognized as a serious
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insect pest of cereals nearly worldwide and is
one of the main vectors of Barley yellow dwarf
virus (BYDV) which can cause disease and
further yield loss in small grains (McGrath and
Bale 1990; Bauske et al., 1997; Herbert et al.,
1999; Riedell et al, 1999; Blackman and
Eastop 2000; Chapin et al., 2001). R. padi has
become one of the most important pests of
cereals in  Europe including England,
Scandinavian countries and some areas of
Turkey (Leather et al., 1989; Blackman and
Eastop 2000; Legrand and Barbosa 2000). This
aphid causes severe damage in cereal-
producing countries (Papp and Mesterhazy
1993). In Iran, R. padi is one of the most
abundant and economically important aphids
on wheat (Taheri et al., 2010), damaging hosts
both by direct feeding (sucking the sap) and
depriving the nutrients of plant which causes
40-60 % vyield loss and by transmitting BYDV
which is able to cause a yield loss of up to
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85% (Papp and Mesterhazy 1993; Stern 1967).
Controlling the aphid populations can prevent
damage, reduce frequency of BYDV, and
sustain yield of small grains (Power and Gray
1995). Hence, strategies to manage R. padi
should be defined.

Various chemical, biological, and cultural
control strategies could be used for limitation
of cereal aphid infestations (Holtzer et al.,
1996; Brewer and Elliott 2004). As is known,
the application of chemical pesticides has
resulted in the subsequent harmful effects such
as development of resistance to chemical
insecticides, health hazards from residues and
in declining the natural enemies’ populations
(e. g., Llanderal-Cazares et al., 1996; Bielza
2008; Saleem et al, 2008). To reduce
pesticides, destructive effects, scientists are
endeavoring to find alternative safe procedures
for pest control in the field. Improving host
plant resistance is a desirable and suitable
approach for limiting aphid populations
because it is a cost-effective, safe and
environmentally sound strategy and decreases
dependence on chemical insecticides (Panda
and Khush 1995; Robinson et al, 1991;
Webster et al., 1991; Hesler et al 1999; Li et
al., 2004; Razmjou and Golizadeh 2010).
Plants vary in morphological characteristics,
nutritional values and secondary metabolites.
These traits can influence the survival,
development, and fecundity of aphids
(Weathershee and Hardee 1994; Cisneros and
Godfrey 2001; Tsai and Wang 2001). Poor
nutritional quality of a host plant can reduce
the fecundity and increase the immature
developmental time of a pest (Legrand and
Barbosa 2000).

Therefore, our objective in this study was to
determine the development, longevity and
reproductive potential of apterous viviparous
aphid in relation to wheat cultivars.

Materials and Methods
This study was conducted during 2009 in the

laboratory of plant protection department,
University of Mohaghegh Ardabili, Ardabil, Iran.
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Rearing of aphid colony

The original aphid colonies used in the
experiments were collected from wheat field in
the Research Station, Faculty of Agriculture
(Babelan Research Station), University of
Mohaghegh Ardabili, Ardabil in October 20009.
The colonies were established on wheat
seedlings cv Hirmand in wood-framed cages for
preventing from infestation by other insects in
the greenhouse.

Plant material and initial test

The seeds of wheat cultivars used in this study
were obtained from the Agriculture and Natural
Resources Research Institute of Moghan,
Ardabil province, Iran. The six T. aestivum
cultivars used in this study were selected on the
basis of a preliminary evaluation in another
experiment in the greenhouse. For this purpose,
about 23 common wheat cultivars were used in
preliminary experiment and all cultivars were
planted in 12-cm plastic pots in greenhouse.
About 10 potted plants of each cultivar were
used for experiment. Each potted plant was
confined inside a cylindrical transparent cage (10
cm diameter x 20 cm height) top of which were
covered with fine mesh cloth to prevent escape.
All plants were infested at two-leaf growth stage
with two adult aphids. After 24 hour, the adults
were removed and only three newly born
nymphs maintained on each potted plant. After
two weeks, all remaining nymph and adults on
potted plants were counted and based on aphid
density on each cultivar, three relatively resistant
cultivars (Gaskojen, Saysonz and Sardari) and
three relatively susceptible cultivars (Kras, Tajan
and Falat) were selected for the following main
experiments. Seeds of the six selected cultivars
were sown in 12-cm plastic pots filled with
proper field soil. The plant rearing was carried
out at 25 + 5 °C, 60 + 10% R. H. and a
photoperiod of (approximately) 10: 14 h (L: D)
with ambient light in a greenhouse. Overall, 120
potted plants were used in the experiment.

Development and mortality
All experiments were conducted in a growth
chamber under conditions of 25 + 1 °C, 60 +
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10 % R. H. and a photoperiod of 16: 8 h (L:
D). All aphids used in the experiments were
apterous viviparous adults of similar size. For
evaluation of developmental duration and
survivorship of immature stages, fecundity and
adult longevity, adult apterous aphids were
randomly selected from the rearing colonies
and placed on the potted plant using a fine-hair
brush. All plants were infested at two-leaf
growth stage. Each potted plant was confined
inside a cylindrical transparent cage (10 cm
diameter x 20 cm height) top of which was
covered with fine mesh cloth to prevent escape
and parasitism. Before using the plants in the
experiments, they were checked and cleaned
from aphids and other pests if required
(Razmjou et al, 2009). Aphids were then
permitted to produce nymphs for 24 hours.
After this time, the adults were removed and
only a cohort of three newly born nymphs
were maintained on each potted plant for
determining nymphal biological parameters
(Razmjou et al., 2006). Overall 20 potted
plants of each wheat cultivar were used for
experiments. Development and survival rate of
60 nymphs were assessed on each cultivar.

Reproduction and biological attributes

After maturity and at the beginning of
reproduction, only one newly emerged adult
aphid was selected and maintained on each
potted plant confined inside a cylindrical
transparent cage as mentioned above. Then,
mortality and fecundity of this apterous aphid
was recorded and offspring were removed from
each plant daily until the death of the adult aphid
for insuring an effective monitoring of the
aphid’s lifespan. In this way we evaluated the
fecundity of 18-20 adult aphids per each cultivar.
The reproductive period, post-reproductive
period, adult longevity and age-specific
fecundity were determined. The intrinsic rate of
increase (r,), mean generation time (7), finite
rate of increase (1), doubling time (D7) and net
reproduction rate (R;) were calculated using
Carey’s formulae (Carey 1993).
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Statistical analysis. Effect of wheat
cultivars on the developmental time,
reproduction period and adult longevity were
analyzed with one-way ANOVA. If
significant  differences were detected,
multiple comparisons were made using the
SNK procedure (P < 0.05). Statistical
analysis was performed using the SPSS v.
13.0 statistical program (SPSS, 2004).
Differences in Ry, T, 4, DT and r, values
were tested for significance by estimating
variances through the Jackknife procedure
(Meyer et al., 1986; Maia et al, 2000).
Algorithms for jackknife estimation of the
means and variances are described only for
rn. Similar procedures were used for the
other parameters (Ro, 7, A and DT). In the
first step, life table parameters were
estimated by Carey’s equations considering
the survival and reproduction data for all the
n females (7, (). Then this procedure was
repeated for » times, each time excluding a
different female (data of »n-1 females, 7, ().
The pseudo-values are calculated for each
parameter for n samples using the following
equation:

psv rm(j) =nx rm(al/) - (7’1 _]')>< rm(j)

After calculating the n pseudo-values for
rw, Jackknife estimate of the mean (v (mnean))
and standard error  (SEru(mean)) Were
calculated by equations in Maia et al,
(2000) using the SAS System ver. 8.2. (SAS
Institute, 1989). The mean values of (n-1)
jackknife pseudo-values for each cultivar
were subjected to analysis of variance using
the SPSS statistical programs.

Results

The results achieved in the experiments on
biological attributes including  nymphal
mortality, developmental time of immature
stages, adult longevity and fecundity as well as
life table parameters of R. padi are presented in
Tables 1 and 2, respectively.
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Table 1 Developmental time, reproductive period, mean number of nymphs per aphid per day, adult longevity
and mean nymphs per female of Rhopalosiphum padi reared on six wheat cultivars at 25 °C.

Parameters
Cultivars
Developmental Fecundit Reproductive Mean number of Adult

Time (d) y period (d) nymphs/aphid/d  Longevity (d)
Gaskojen  7.90 + 0.06a 22.95 + 2.56b 11.25+ 1.56b 2.35+0.19b 13.50 + 1.98a
Tajan 7.40 £ 0.08c 37.35+4.37a 14.30 £+ 1.80ab 2.79 £ 0.14ab 16.30 £ 2.05a
Falat 7.60 £ 0.09abc 36.55 * 3.38a 14.72 + 1.56ab 2.64 £ 0.15ab 16.89 + 1.96a
Saysonz ~ 7.55+0.11bc 39.95 +2.51a 18.00 £ 1.53a 2.39+£0.15b 19.95 + 1.76a
Kras 7.79+£0.11ab 36.25 * 3.85a 15.40 £ 1.81ab 2.51+0.14b 17.25+ 2.16a
Sardari 7.40 + 0.08c 36.50 + 3.63a 12.25 + 1.26ab 3.14 £0.20a 14.15 £ 1.60a

For each parameter, differences between wheat cultivars were determined by SNK tests. Within columns, means
followed by the same letter(s) are not significantly different (P > 0.05).

Table 2 Life table attributes of Rhopalosiphum padi reared on six wheat cultivars at 25 °C.

Parameters
Cultivars
Net . Intrinsic rate of Mgan . Doubling time Finite rate of
reproduction increase (r,,) generation time (DT) increase (4)
rate (Ro) " )

Gaskojen 18.68 £ 2.08b 0.253 £ 0.007c 11.57 £0.47a 2.73+£0.07a 1.288 £ 0.009c
Tajan 33.50 + 3.92a 0.281 £ 0.008b 12.50 £ 0.56a 2.46 £ 0.07b 1.325 £ 0.010b
Falat 32.50 + 3.00a 0.288 + 0.006ab 12.11 £ 0.37a 2.41+0.05bc  1.333 +£0.008ab
Saysonz 33.28 £ 2.15a 0.279 £ 0.004b 12.55+0.33a 2.48 £ 0.04b 1.322 £ 0.006b
Kras 32.55 + 3.46a 0.273 £ 0.006b 12.76 £ 0.48a 2.53+0.05b 1.314 £ 0.008b
Sardari 31.71 £ 3.16a 0.306 + 0.008a 11.31 £ 0.46a 2.26 £ 0.06¢ 1.358 £ 0.011a

For each parameter, differences between wheat cultivars were determined by SNK tests. Within columns, means
followed by the same letter(s) are not significantly different (P > 0.05).
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Development and mortality

There were significant differences among
developmental time of nymphs on wheat
cultivars tested, and three statistical groups
were observed for development time of bird
cherry-oat on six wheat cultivars (F = 5.01, df =
5, 284, P = 0.000). The shortest and longest
nymphal durations were observed on Tajan and
Sardari (7.4 days) and Gaskojen (7.9 days),
respectively (Table 1). The lowest survival rate

from first instar nymphal to adult emergence
was obtained on Gaskojen, and the lowest
survival rate was observed on Tajan and Kras
cultivars and the proportions of nymphal stages
surviving to adulthood ranged from 0.81 to 0.89
on Gaskojen and Tajan-Kras wheat cultivars,
respectively (Fig. 1). The age-specific survival
rate (/) of R. padi on six wheat cultivars is
shown in Fig. 1.
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Figure 1 Age-specific survival (/) (adult stage) and fecundity rate (m,) of Rhopalosiphum padi reared

on six wheat cultivars at 25 °C.
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Adult longevity and fecundity

There were no significant differences in adult
longevity of R. padi feeding on the wheat
cultivars examined in this study (F = 1.48, df =
5, 117, P = 0.203). The reproduction period of
the bird cherry-oat aphid significantly varied
among the wheat cultivars (F = 2.26, df = 5,
117, P = 0.048) (Table 1) and this period on
Saysonz cultivar was the longest. The total
fecundities of adult also differed significantly
among wheat cultivars tested (7 = 3.09, df =5,
117, P =0.012) and ranged from 22.95 to 39.95
offsprings on Gaskojen and Saysonz,
respectively. In addition, the mean number of
nymphs per female per day of R. padi was
significantly affected by wheat cultivars (F =
3.30, df =5, 117, P = 0.008). Aphids reared on
the Sardari cultivar produced the highest mean
number of nymphs per female per day, whereas
none of the other cultivars was significantly
different from each other in the number of
offspring per day (Table 1, Fig. 1). The age
specific fecundity rate (m,, female offspring per
female per day) of R. padi on six wheat
cultivars is shown in Fig. 1.

Life table parameters

Population growth parameters of viviparous
apterous R. padi were significantly affected by
wheat cultivars. The intrinsic rate of increase
(r..) value exhibited a significant difference on
wheat cultivars (F = 6.98, df = 5, 117, P =
0.000). The highest intrinsic rate of increase for
wheat cultivar occurred on Sardari, and it was
significantly higher than that of all other
cultivars. The r, values of aphids reared on
Gaskojen cultivar were the lowest, while aphids
reared on Tajan, Falat, Saysons and Kras
achieved intermediate values of », (Table 2). In
addition, significant variation in the net
reproductive rate (Ro) values of the aphid was
observed among wheat cultivars (F = 3.65, df =
5, 117, P = 0.004). The R, values ranged from
18.68 to 31.71 offsprings/aphid. The aphids
reared on Gaskojen showed the lowest Ry value
that was significantly different from that on the
other cultivars (Table 2). The shortest and
longest mean generation times (7) were found
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on Sardari and Kras, respectively, however,
there was no significant difference among T of
R. padi feeding on cultivars tested (F = 1.68, df
= b5, 117, P = 0.146). A dissimilar trend was
displayed for doubling time (D7) and its value
exhibited a significant difference on wheat
cultivars (F = 7.15, df =5, 117, P = 0.000). The
variations of the finite rate of increase (1) were
similar to intrinsic rate of increase and this
parameter was significantly influenced by
wheat cultivar (F = 6.93, df = 5, 117, P =
0.000) (Table 2).

Discussion

Understanding the life cycle traits of an insect
pest on host plants is essential to the
development of an effective integrated pest
management (IPM) strategy. Hence, the
knowledge of population growth parameters of
any pest could be useful in designing of a
comprehensive pest management program for
its host plant. Host plant quality, typically a
major determinant of pest performance,
influences the growth and fecundity of
herbivorous insects on both individual and
population scales (Awmack and Leather 2002).
The degree of resistance exhibited by a host
plant cultivar against a particular herbivore can
be measured by the wvariation in insect
performance on that host. The life table
parameters (especially intrinsic rate of increase)
can be wused commonly as measures of
performance to assess the level of plant
resistance to insect herbivores (Dixon 1987;
Castle and Berger 1993; Ruggle and Guitierrez
1995; Golizadeh and Razmjou 2010).

The present experiments demonstrated that
under the laboratory conditions used,
performance of the bird cherry-oat aphid on
different wheat cultivars was similar for some
traits such as adult longevity, but differed
significantly for others such as the nymphal
development and mean reproduction periods,
lifetime and daily fecundity among the six
wheat cultivars tested. R. padi showed the
shortest and longest development time on
Gaskojen and Sardari cultivars, respectivly.
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Another important biological parameter that
determines the success or failure of an insect
pest is fecundity. Both Shorter developmental
time and greater total reproduction of insects on
a host indicate greater suitability of a host plant
(van Lenteren and Noldus 1990; Golizadeh and
Razmjou 2010). The poor performance of
aphids on Tajan cultivar was a result of both
poor fecundities and longer developmental
times. The lower nymphal survival on Gaskojen
cultivar would also be a contributing factor.
These effects of host plants can play a role in
pest population dynamics by affecting
immature and adult performance (Morgan ef al.,
2001; Liu et al, 2004). In current study, the
total fecundity on Gaskojen cultivar was the
lowest. The significant difference in
developmental time on wheat cultivars in
current study can be related to nutritional and
defensive components or their interacting
effects. van Emden and Bashford (1969) stated
that wvariation in performance on different
cultivars could be due to differences in plant
quality, either reflected in differences in
nutrients required by aphids or differences in
the levels of secondary compounds.

The net reproductive rate is an important
indicator of population dynamics (Richard
1961; Varley and Gradwell 1970; Liu et al,
2004). The significant differences in R, values
between cultivars reflects the significant
difference in intrinsic rates of increase (r,)
among wheat cultivars. However, the mean
generation time (7) displayed non-significant
difference among cultivars examined. The
mean r,, of aphids on Sardari was the greatest
(0.306 offsprings/aphid/d), while that on
Gaskojen  was  the  poorest  (0.253
offsprings/aphid/d) and those on others were
intermediate. This parameter (r,) is a useful
tool to measure the influence of various
environmental conditions including host plants
on the development of an insect population
(Aldyhim and Khalil 1993).

van Lenteren and Noldus (1990) stated that
shorter developmental time and greater total
fecundity on a host might be a reflection of the
host plant suitability. Since intrinsic rate of
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increase (r,,) contributes to many factors (such
as fecundity, survival and generation time) and
adequately summarizes the physiological
qualities of an animal in relation to its capacity
to increase, it would be a most appropriate
index to evaluate performance of an insect on
different host plants and host resistance
(Southwood and Henderson 2000). The
developmental time, reproduction period,
fecundity, survival rate, and population growth
parameters especially intrinsic rate of increase
could be regarded as susceptibility indices on
host plants. Plants capable of antibiosis may
cause reduced survival rate, reduced adult
longevity, and fecundity, or they may cause
prolonged developmental time and have an
indirect effect by increasing the exposure of the
insect to its natural enemies (Dent 2000).

In conclusion, our data presented in this
work address new information on fecundity and
development rates as well as demographic
parameters of R. padi which obviously
document that various wheat cultivars
examined here differ considerably in terms of
their quality as hosts for the bird cherry-oat
aphid, an important pest of wheat. The
Gaskojen wheat cultivar showed more positive
characteristics compared with the other
cultivars used in this study and this cultivar had
the highest resistance against R. padi. It was the
least favorable of the hosts evaluated for bird
cherry-oat aphid as indicated by the long
developmental time, somewhat low survival
rate of immature stages and somewhat low
reproductive rate resulting in a lower value of
r» on Gaskojen. These characteristics could
cause reductions in fitness of bird cherry-oat
aphid. Gaskojen as a relatively insusceptible
host plant, therefore, can serve as an important
tool for R. padi management with reduced input
of insecticides.
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