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Abstract Biological control agents can be used as a com-
plementary control measure that can be combined with
resistant host plants to control pests. In this study, the effects
of different canola cultivars (Karaj-1, Karaj-2, Karaj-3,
Licord, Okapi, Opera, RGS,,y;, Sarigol, Talaye and Zarfam)
on the performance and life table parameters of the cabbage
aphid, Brevicoryne brassicae, and its parasitoid, Diaeretiella
rapae, were determined under laboratory conditions. Total
fecundity of the cabbage aphid differed with cultivar, with
the highest value (59.41 nymphs per female) of this param-
eter observed on Opera and the lowest (1.67) observed on
RGS 5. The highest and lowest intrinsic rates of increase (r)
of the cabbage aphid were observed on Opera (0.331 day™)
and RGS; (— 0.242 day™) cultivars, respectively, suggest-
ing these to be the most susceptible and most resistant cul-
tivars to this pest. However, because the aphid did not settle
and feed well on RGS;, it was not possible to determine
demographic parameters for its parasitoid. Consequently,
the Okapi cultivar, which was the most resistant cultivar to
the cabbage aphid after RGS,y);, was used in this study to
assess the parasitoid wasp. The parasitoid’s intrinsic rate of
increase (r) varied from 0.426 day~' on the susceptible cul-
tivar (Opera) to 0.341 day~' on the resistant canola cultivar
Okapi. Aphid performance decreased 93% on the resistant
canola cultivar, while parasitoid performance decreased only
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20% on the resistant cultivar compared to more susceptible
cultivar.
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Introduction

The cabbage aphid, Brevicoryne brassicae (Hemiptera:
Aphididae) is one of the most serious pests of cruciferous
plants such as canola, Brassica napus L., worldwide. This
pest causes both direct damage by sucking plant sap and
indirect damage by transmitting plant viruses (Blackman and
Eastop 2000; Schliephake et al. 2000). Aphid infestations
retard plant growth, resulting in canola grain yield losses of
9-77% (Butin and Raymer 1994; Ellis et al. 1996). Aphid
infestations can cause up to an 11% decline in the oil con-
tent of the oilseed plants that survive (Kelm and Gadomski
1995). Until recently, pesticide application has been the
primary method of controlling aphid populations, although
such widespread use has adverse effects on the environment
and nontarget organisms (Furk and Hines 1993; Saldo and
Szpyrka 2009). The development of insecticide resistance by
B. brassicae has been reported in Kenya (Oduor et al. 1997),
and adverse effects of such pesticides on natural enemies
highlights the need for less insecticide-dependent methods
of pest control (Verkerk et al. 1998). Canola integrated pest
management (IPM) programs sometimes make use of resist-
ant host plant varieties, combining them with biological con-
trol agents of different pests (Stern et al. 1959; Maxwell and
Jennings 1931; Soufbaf et al. 2012; Nikooei et al. 2015a, b,
2017; Fathipour and Mirhosseini 2017). However, basic
research exploring the complex interactions among plants,
herbivorous insects and their natural enemies are not always
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available (Sarfraz et al. 2008). One of the cabbage aphid’s
biological control agents is Diaeretiella rapae (Hymenop-
tera: Braconidae, Aphidiinae), which is perhaps the most
important agent for natural control of the cabbage aphid
(Elliot et al. 1994; Pike et al. 1999; Jankowska and Wiech
2003). This wasp is found in most regions of the world and is
the most common natural enemy of the cabbage aphid. Here,
we evaluated the influence of different canola cultivars on
biological parameters of the cabbage aphid under laboratory
conditions to determine the most resistant and susceptible
canola cultivars to this aphid. We also determined the impact
of the level of resistance of these cultivars on the perfor-
mance of D. rapae to assess the total impact of host plant
resistance on aphid population growth.

Materials and methods
Plant cultivation

Seeds of canola including two genotypes, Karaj-1 and
Karaj-2, and eight commercial cultivars extensively used
by Iranian canola growers, Karaj-3, Licord, Sarigol, Talay,
Zarfam, RGS; (a spring cultivar with an average seed yield
2000-2500 kg/ha that is cultivated in hot regions of Iran),
Okapi and Opera (winter cultivars with an average seed
yield 4000—4500 kg/ha that are cultivated in cold regions
of Iran), were obtained from the Seed and Plant Improve-
ment Research Institute in Karaj, Iran. They were planted
in 20-cm-diameter plastic pots filled with a mixture of field
soil and compost in a greenhouse located at the Faculty of
Agriculture, Tarbiat Modares University, Tehran. All culti-
vars were grown under greenhouse conditions at 25 + 5 °C,
60 + 10% RH and a 16:8-h L:D photoperiod without any fer-
tilizer or pesticides. Fully expanded young leaves of canola
cultivars were used for the experiments when plants were
5 weeks old and still did not have flowers.

Insect culture

The cabbage aphid and its parasitoid wasp D. rapae used
in the experiments were collected from a cabbage field on
the campus of the Faculty of Agriculture, Tarbiat Modares
University, Tehran. The initial colony of cabbage aphids
was reared on cabbage (Snow-March cultivar) under labo-
ratory conditions to keep aphids from adapting to canola.
All experiments and rearing of the aphid and parasitoid were
conducted in a growth chamber at 25 + 1 °C, 60 + 5% RH
and a 16:8-h L:D photoperiod. The aphid populations were
reared on the leaves of ten canola cultivars separately for
two generations to adapt to the new host plants before use
in the experiments. The laboratory colony of the parasitoid
was reared on cabbage aphid feeding on cabbage, and before
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the experiments, parasitoids were reared for one generation
on cabbage aphid fed on the respective canola cultivars for
their treatments.

Experimental design

Leaf discs (2.80 cm diameter) were taken from leaves of
each cultivar and placed upside down on water-soaked cot-
ton inside plastic petri dishes (6 cm diameter and 1.5 cm
height). To prevent the escape of aphids, the leaf margin
was surrounded by a Kleenex strip. A circular hole (2 cm
diameter) was cut in the lid of each petri dish and covered
with fine mesh gauze for ventilation. To obtain similarly
aged cabbage aphid nymphs, 50 adult aphids were trans-
ferred from the colony of each cultivar onto a leaf disc of the
same cultivar. After 24 h, each nymph laid by these adults
was transferred on one leaf disc in each petri dish and a total
of 70 nymphs were examined for each treatment. To keep the
leaves fresh and to maintain adequate saturation of the cot-
ton strips, water was added daily to each dish, and leaf discs
were also exchanged for new ones daily. The duration and
mortality of immature stages were observed and recorded
daily using a stereomicroscope. After adult emergence,
daily observations were made of aphid longevity, fecundity
and mortality until the death of the last individual in each
group. To determine the demographic parameters of D.
rapae, transparent plastic containers (5 X 12 X 14 cm) with
a hole (5 cm diameter) on their lids covered with fine mesh
gauze were used to hold complete leaves of a canola cultivar
infested with 100 2nd to 4th instar cabbage aphid nymphs.
A piece of water-soaked cotton was wrapped around the
petioles of detached leaves to prevent desiccation, and the
leaves were changed daily with new ones. To obtain adult
parasitoids to start the experiments, one mated female of
D. rapae was released separately into each container. After
24 h, female wasps were removed, and the exposed aphids
were transferred into a growth chamber until all parasitized
aphids mummified and became apparent; from these mum-
mies, 100 parasitized aphids were randomly selected as a
cohort for each canola cultivar. Mummified aphids were
checked daily until adult parasitoid emergence, after which
females were coupled with males obtained from the same
cultivars. The leaves of each canola cultivar infested with
100 individuals of the preferred instars (2nd to 4th instars)
of the cabbage aphid were exposed to each pair of D. rapae
for 24 h. It should be noted that although the main purpose
of the current study is to evaluate and compare the effect
of host quality on parasitoid performance, to minimize the
effect of host density on parasitoid performance, to some
extent controlling the number of leaves and consequently
aphid density was attempted. Parasitoids were transferred
into a new experimental unit each day until the death of
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all the female parasitoids, and exposed nymphs were main-
tained in the growth chamber. A paper strip coated with a
thin layer of honey was placed in each experimental unit as
food for the adult parasitoids. These experimental units were
checked daily using a stereomicroscope, and the time period
from oviposition to mummy formation and from mummy
formation to adult emergence was recorded, along with adult
mortality and the number of eggs deposited by females.

Data analysis

The life history data of all individuals were analyzed using
the age-stage, two-sex life table theory (Chi and Liu 1985;
Chi 1988). The age-stage specific survival rate (s,;) (Where
x = age in days and j = stage), age-stage specific fecundity
(fj), age-specific survival rate (/,), age-specific fecundity
(m,), intrinsic rate of increase (r), finite rate of increase
(4 = ¢"), gross reproductive rate (GRR), net reproductive
rate (R,) and mean generation time (7) were all calcu-
lated (Khanamani et al. 2013; Safuraie-Parizi et al. 2014,
Goodarzi et al. 2015). The equations of the two-sex life
table and the differences from the female-based life table are
found in Fathipour and Maleknia (2016).The standard errors
of the population parameters were estimated by a bootstrap
procedure (Efron and Tibshirani 1993; Huang and Chi 2013)
with 40,000 samples.

Population parameters were calculated using the TWO-
SEX-MSChart program (Chi 2015). Comparison of the
durations of different life stages of B. brassicae on the ten
canola cultivars and D. rapae on one susceptible and one
resistant canola cultivar was made using one-way ANOVA
and ¢ tests, respectively. Multiple comparisons among popu-
lation growth parameters of different treatments were carried

out using the paired bootstrap test (Maleknia et al. 2016;
Talaee et al. 2017).

To calculate the reduction percentages of the aphid and
parasitoid performance on the susceptible and resistant can-
ola cultivars, the intrinsic rate of increase (r) of the aphid
and parasitoid on these cultivars was used. Of course, since
the most resistant cultivar for the aphid (RGS,;) was not
used for assessment of the parasitoid performance, the sec-
ond most resistant cultivar was used to calculate both reduc-
tion percentages. Percentages were calculated as follows:

x 100 = X X,

T'tesistant susceptible

100 — x = percentage.

Results
Effect of canola cultivars on aphid life stage duration

The canola cultivar significantly influenced the duration of
different life stages of B. brassicae (Table 1). We found the
longest first and third nymphal instar periods to be on Sar-
igol and the shortest on Karaj-3 and Opera, respectively.
Nymphs reared on Karaj-3 and RGS,; had the longest
second nymphal instar period while those reared on Opera
had the shortest. The longest fourth nymphal instar period
was in aphids reared on RGSy); while the shortest was on
Opera. Developmental time of the whole immature stage was
also affected by different canola cultivars, with the longest
observed on RGSy); and the shortest on Opera.

Adult longevity and total aphid life span also differed
among cultivars, with those reared on Opera having the
longest adult and total life span, while those reared on

Table 1 Mean duration of different immature stages, adult longevity and total life span (+ SE) (in days) of Brevicoryne brassicae reared on ten
canola cultivars under laboratory conditions

Cultivar Nymph 1 Nymph 2 Nymph 3 Nymph 4 Development time Adult longevity Total life span
Karaj-1 173 £0.06®  1.95+0.08"% 177 £0.09®°  1.89 £0.09®  7.17 £0.16* 9.91 + 0.99% 17.09 + 1.03%*
Karaj-2 1.60 +0.12%°  2.23 +0.09%® 1.88+0.12°  2.05+0.14* 779 + 027 7.63 £ 0.67°¢ 15.42 + 0.71>¢
Karaj-3 1.34 +0.09° 242 +0.15* 2.11+0.18 1.80 £ 0.17%  7.47 +0.32%® 6.67 +1.14< 14.13 + 1.20™¢
Licord 1.84 +0.08" 1.74 +0.13% 1.65+0.17®  1.50 +0.14° 6.86 + 0.14" 12.21 £ 1.35% 19.07 + 1.34%
Okapi 1.88 +£0.10* 193 +0.13%  1.86+0.19® 194 +0.17°  6.94 +0.31% 4.38 +0.76 11.31 +0.83¢
Opera 1.61 +0.11®  1.42+0.12° 1.40 + 0.10° 1.48 +0.09° 5.90 +0.17° 16.17 + 1.00* 22.07 + 1.03*
RGS 3 1.98 £0.10° 239 +0.14% 227+028 233 +0.33 8.67 + 0.49" 3.33 +£0.42¢ 12.00 + 0.73
Sarigol 2.02 +0.10* 2.18 £ 0.10% 231 +0.14* 224 +0.10* 8.56 £ 0.31° 6.84 +0.94 < 15.40 + 1.06™¢
Talaye 1.59 £ 0.08%  2.04 +0.15% 222 +0.15* 200+0.11%  7.84 +0.22% 474 + 0.49¢ 12.58 +0.54 <
Zarfam 1.36 + 0.07° 2.21 £0.13% 190 +0.12®  2.06+0.13®  7.67+ 032" 6.67 +1.02< 1433 + 1.17¢
F 6.325 5.989 4.346 4367 10.776 15.454 9.732

df 9, 496 9,311 9,245 9, 186 9, 186 9, 186 9,186

P < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

The means followed by different letters in each column are significantly different (Tukey’s HSD test) (P < 0.05)
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RGS(y; and Okapi had the shortest adult and total life
spans, respectively. Both reproductive period and fecun-
dity of B. brassicae were significantly influenced by differ-
ent canola cultivars (Table 2). The longest adult pre-repro-
ductive period (APOP) (the duration from adult emergence
to first nymphal deposition of B. brassicae) was on RGS;
while the shortest was on Licord. Furthermore, the total
pre-reproductive period (TPOP) (the duration from first
instar nymphs to first nymphal deposition) was signifi-
cantly different among canola cultivars, with the longest
period found in aphids reared on RGS,y; and the shortest
found on Opera. The reproductive period of the cabbage
aphid was also significantly affected by canola cultivar,
with the longest and shortest periods observed on Opera
and RGSy); cultivars, respectively.

Aphid survival rate and fecundity

We found that the canola variety affected the ability of
B. brassicae to survive and reproduce under laboratory
conditions (Figs. 1, 2). Aphid reproduction of the first
female on Opera (a susceptible variety) occurred at 5 days,
while on the more resistant varieties on RGS,; and Talaye
reproduction did not begin before 8 days. Aphid reproduc-
tion was highest (7.0 nymphs per day) on the susceptible
variety Opera, while it was lowest (1.40) on the resist-
ant variety RGS,,);. Total fecundity of the cabbage aphid
also differed with cultivar, with the highest value (59.41
nymphs per female) of this parameter observed on Opera
and the lowest (1.67) observed on RGSy;.

Aphid population growth parameters

Population growth parameters of B. brassicae were signifi-
cantly affected by different canola cultivars under labora-
tory conditions (Table 3). The values of the intrinsic rate of
increase (7), the finite rate of increase (4), gross reproductive
rate (GRR) and net reproductive rate (R,) of B. brassicae
were highest on the cultivar Opera and lowest on RGS;.
The longest and shortest mean generation times (7) were
found on Sarigol and Okapi, respectively.

Overall, Opera and RGSy); were found to be the most sus-
ceptible and resistant cultivars to the cabbage aphid, respec-
tively. However, the low population of aphids that survived
on RGS,y; made determining the demographic parameters of
the aphid’s parasitoid on this cultivar impossible. Therefore,
the next most resistance cultivar, Okapi, was used to assess
in its place.

Duration of parasitoid life stages

The duration of different parasitoid life stages differed
among cultivars, except for the pupal period, total longevity
of adult females and total life span of both sexes, which did
not differ (Table 4). Duration of the egg-larval stage was
significantly longer on the aphid-resistant cultivar than on
the susceptible one. The shortest development time of the
immature stages of the parasitoid was also observed on the
susceptible cultivar. Cultivar also had a significant effect on
the longevity of adult male parasitoids, which was longest
on the susceptible cultivar.

Since female parasitoids laid their eggs on the first day of
after mating, the duration of the adult pre-oviposition period

Table 2 Mean duration

of different reproductive
period (days) and fecundity
(#offspring) (+ SE) of

Cultivar APOP

Brevicoryne br~assicae reared on Karaj-1 1.06 + 0.10%

ten canola cultivars Karaj-2 1.59 + 0.23%
Karaj-3 1.09 + 0.09%
Licord 0.86 + 0.10°
Okapi 1.30 + 0.15%®
Opera 1.07 + 0.08%
RGS 3 1.67 +0.88*
Sarigol 1.26 + 0.10%
Talaye 1.25 +0.14%
Zarfam 1.21 +0.19%
F 2.008
df 9,156
P 0.042

TPOP Reproductive period Total fecun-
dity (nymphs/
female)

8.24 + 0.18"¢ 7.37 £0.78% 27.43 + 3.15*

9.47 + 0.43%¢ 5.63+0.72 17.95 +2.89

8.45 +0.41°
771 +£0.13
8.50 + 0.54°d
6.97 +0.16°
10.33 + 1.45°
9.79 + 0.42%
9.25 + 0.25%¢
8.71 + 0.38%
9.434

9,156

< 0.0001

4.33 + 0.99%
10.29 + 0.88%
2.63 £ 0.61%
12.41 £ 0.71°
0.83 + 0.48°
4.64 + 091
3.26 + 0.51°%
4.61 + 0.84%%
16.942

9,186

< 0.0001

13.13 +3.34 <
44.00 + 3.30°
9.50 +2.51¢
59.41 + 3.54*
1.67 + 0.99¢
13.08 +2.84 <
9.84 + 1.98¢
16.33 +3.07
30.594

9,186

< 0.0001

Means followed by different letters in each column are significantly different (Tukey’s HSD test) (P < 0.05)

APOP adult pre-reproductive period (from adult emergence to first deposition of nymphs); TPOP total pre-
reproductive period (from first instar nymphs to first nymphal deposition)
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Fig. 1 Age-stage survival rate (s;) of Brevicoryne brassicae on ten canola cultivars
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Fig. 2 Age-specific survivorship (/,), age-stage-specific fecundity (f,;) and age-specific fecundity (m,) of Brevicoryne brassicae on ten canola

cultivars

(APOP) was considered zero on all cultivars. The total pre-
oviposition period (TPOP) was significantly influenced by
cultivar, however, and this period was significantly shorter
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on susceptible cultivar than on resistant one. A longer para-
sitoid oviposition period and higher total fecundity were also
observed on the susceptible cultivar.
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Table 3 Life table parameters (mean + SE) of Brevicoryne brassicae on ten canola cultivars

Cultivar GRR (offspring/indi- R, (offspring/individual) r (day’l) i (day") T (day)
vidual)

Karaj-1 42.62 + 3.319° (42.64) 5.813 + 1.096° (5.818)  0.140 + 0.016° (0.142)  1.151 + 0.018° (1.152)  12.421 + 0.324% (12.420)

Karaj-2 26.83 +2.613°(27.11) 4314 + 1.088¢(4.316)  0.113 +0.0224(0.115) 1.119 +0.025% (1.122)  12.721 + 0.391* (12.691)

Karaj-3 25.28 + 4.059 <4 (25.5) 3.068 + 1.030 ¢ (3.078) 0.088 + 0.032 °® (0.093) 1.092 + 0.034% (1.097) 12.135 + 0.754%<¢

(12.093)

Licord 53.58 +2.89° 18.644 + 4.013" (18.667) 0.247 +0.021° (0.249)  1.281 + 0.026" (1.283)  11.738 + 0.272°¢ (11.732)
(53.75)

Okapi  20.20 + 4.157¢ 1.373 + 0.4729 (1.369)  0.023 + 0.035°(0.028)  1.023 + 0.035°7(1.029) 11.111 = 0.664 *® (11.087)
(21.36)

Opera  66.17 + 3.264* 40.057 + 4.847* (40.070) 0.331 = 0.014* (0.331)  1.392 + 0.020% (1.393)  11.143 + 0.243% (11.131)
(66.22)

RGSyy;  2.17 £ 0.797° 0.072 + 0.040° (0.072)  0.242 + 0.056" (— 0.235) 0.774 + 0.094 2 (0.790)  11.217 + 1.4492>d
(2.40) (11.183)

Sarigol  31.48 + 4.88° 4.605 + 1.227° (4.606)  0.106 + 0.020 <4 (0.109)  1.112 + 0.022°% (1.115) 14.020 + 0.718" (14.051)
(32.63)

Talaye  18.16 + 1.884¢ 3.595 + 0.965° (3.596)  0.106 + 0.024 ¢4 (0.110) 1.113 + 0.0277(1.116)  11.661 + 0.266 ¢ (11.673)
(18.45)

Zarfam  35.14 + 4.629 < 2.947 + 0.835 °4 (2.940) 0.084 + 0.025% (0.087)  1.088 + 0.027 <4 (1.091) 12.359 + (.5992><d
(36.36) (12.365)

The first and second data of each parameter are related to the bootstrap mean and original values calculated by using the age-stage and two-sex
life table, respectively. The means followed by different letters in each column are significantly different (paired-bootstrap at 5% significance

level)

Table 4 Duration of

! ; Parameter Opera (susceptible) Okapi (resistant) t df P

different life stages (day)

and fecundity (offspring) Egg-larva 5.03 +0.03 6.10 £ 0.05° 16929 1,49 <0.0001

(& SE) of Diacretiella rapae Pupa 3.84 + 0.07° 3.90 + 0.06° 0700 1,59 0.487

on Brevicoryne brassicae ]

reared on susceptible (Opera) Total pre-adult 8.87 + 0.06° 10.00 £ 0.0° 18447 130  <0.0001

and resistant (Okapi) canola Female longevity 7.47 + 0.69* 5.87 +0.43% - 1.963 1,28 0.060

cultivars Male longevity 6.25 +0.28* 4.87 +0.51° —2.430 1,29 0.021
Total life span 15.71 = 0.37* 15.19 + 0.37* - 0.676 1,59 0.501
Oviposition period 6.53 +0.43% 5.40 +0.27° —2.208 1,28 0.036
Total fecundity 264.47 + 15.98* 146.73 +9.91° —6.261 1,28 < 0.0001
APOP 0 0 - - -
TPOP 8.93 + 0.07° 10.00 + 0.00* 16.00 1,14 < 0.0001

The means followed by different letters in each row are significantly different (Tukey’s HSD test)

(P < 0.05)

APOP Adult preoviposition period; TPOP total preoviposition period (from egg to first oviposition)

Parasitoid survival rate, age-specific
and age-stage-specific fecundity

Age-specific survivorship (/,) (the probability that a new-
born individual will survive to age x) at the time of adult
emergence of the parasitoid wasp was 1 on the susceptible
and 0.97 on the resistant cultivar (Figs. 3, 4). According
to the results of age-specific fecundity (m,), the peaks of
progeny production (highest daily fecundity) were 32.87 (at
the age of 9 days) and 19.2 (10 days) on B. brassicae reared
on the susceptible and resistant cultivars, respectively. The

age-stage-specific fecundity (f;) curve showed the start of
oviposition on susceptible and resistant canola cultivars
occurred at 8 and 10 days, respectively. Furthermore, the
highest daily fecundity of the parasitoid wasp on the above-
mentioned cultivars was 80 and 38.4 eggs, respectively,
which occurred at 8 and 10 days, respectively.

Parasitoid population growth parameters

All of the population growth parameters of the parasi-
toid wasp, except the gross reproductive rate (GRR), were
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Fig. 3 Age-stage survival rate
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significantly influenced by the canola cultivar (Table 5).
The intrinsic rate of increase (r), finite rate of increase (1)
and net reproductive rate (R;) of the parasitoid wasp were
significantly higher on the susceptible cultivar than on the
resistant one. The mean generation time (7) was also found
to be longer on the resistant than on the susceptible cultivar.

Discussion

We found significant differences among canola cultivars
in both cabbage aphid performance and, for two cultivars
(most susceptible and second-most resistance), the biologi-
cal parameters of its parasitoid D. rapae. The developmental
time of B. brassicae was longer on some cultivars, such as
RGS o3, than on others, with the effect that different life
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Age (day)

stages of the aphid, especially nymphal stages, have longer
exposure to parasitoids such as D. rapae. In this way, resist-
ant cultivars can enhance the effectiveness of parasitoids in
a pest management program. However, this scenario can also
be interpreted in other ways as the lower quality of resist-
ant cultivars may decrease the tendency of parasitoids to
visit the plants. The considerable variation among the culti-
vars we tested in their effect on the duration of different life
stages of the aphid might be due to differences in plant qual-
ity, in terms of either the nutrients required by B. brassicae
or the levels of secondary metabolites that impede aphid
growth (Jahan et al. 2014; Bashir et al. 2013; Mirmoham-
madi et al. 2009).

The intrinsic rate of increase (r) that can be estimated
using female-based or two-sex procedures (Fathipour and
Maleknia 2016) is the most important life table parameter
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Fig. 4 Age-specific survivor-
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Table 5 Life table parameters (mean + SE) of Diaeretiella rapae on Brevicoryne brassicae reared on susceptible (Opera) and resistant (Okapi)

canola cultivars

Cultivar GRR (offspring/individual) R, (offspring/indi- r (day™") A (day™") T (day)
vidual)

Okapi (resistant) 87.440 + 16.274* (87.610) 71.008 + 14.020° 0.341 + 0.017° (0.343)  1.407 + 0.023° (1.409)  12.439 + 0.085"
(71.00) (12.441)

Opera (susceptible)  140.030 + 26.599" (140.21) 128.088 + 24.936* 0.426 + 0.019* (0.428) 1.531 +£0.029% (1.534)  11.344 +0.122°
(127.968) (11.340)

The first and second data of each parameter are related to the mean and original values calculated by using the age-stage, two-sex life table,
respectively. The means followed by different letters in each column are significantly different (paired-bootstrap at 5% significance level)

for evaluating the resistance level of plants to herbivo-
rous arthropods (Safuraie-Parizi et al. 2014). The r value
is usually affected by several factors, including fecundity,
survival rate and development, and any changes in these
factors result in variation in the value of r as an index of
population growth (Khanamani et al. 2014). In the present

study, the highest and lowest value of r of the cabbage aphid
was obtained on Opera and RGSy;, respectively. The higher
reproductive potential of the aphid on Opera compared with
other cultivars tested showed it to be the most suitable cul-
tivar for B. brassicae. On the other hand, RGS,; showed
the highest antibiosis resistance against the cabbage aphid,
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and, due to the long development time, the low survival
rate of immature stages as well as the very low fecundity
of the aphid on this cultivar, it was recognized as the most
unsuitable cultivar for this pest in this study, making it the
recommended cultivar for any IPM strategy for controlling
cabbage aphid. Such considerable variation among different
canola cultivars has also been seen in the feeding response
of Plutella xylostella (Soufbaf et al. 2010a, b; Fathi et al.
2011; Nikooei et al. 2015b; Fathipour and Mirhosseini 2017,
Kianpour et al. unpublished data), Helicoverpa armigera
(Karimi et al. 2012) and Spodoptera exigua (Goodarzi et al.
2015). In agreement with our findings, Soufbaf et al. (2010a)
reported Opera as the most favorable and RGSy;; as the most
unfavorable host plant for P. xylostella. On the other hand,
Nikooei et al. (2015b) reported that these two cultivars, both
with high levels of glucosinolate, were more suitable hosts
for P. xylostella than other tested cultivars (mostly geneti-
cally manipulated). In another study, the RGSy; cultivar
was reported to be the most resistant canola cultivar to P.
xylostella (Kianpour et al. unpublished data). Finally, both
cultivars were reported to be susceptible to H. armigera
(Karimi et al. 2012) but unfavorable host plants for S. exigua
(Goodarzi et al. 2015).

Glucosinolates are the most important secondary metab-
olites of cruciferous plants and an indicator of a plant’s
chemical defense against higher trophic levels (Nikooei et al.
2015b). Various studies have found that different amounts
of these compounds have different effects on the population
growth, development time and survival rate of higher trophic
levels. Although Nikooei et al. (2015b) suggested a similar
level of glucosinolates in the most susceptible (Opera) and
most resistant (RGS;) canola cultivars of our current study,
the performance of the cabbage aphid on these two cultivars
was quite different. This suggests that in our current study,
the essential primary nutrients of plants were the important
factors affecting the performance of the herbivorous insect
and that glucosinolates, as one of secondary metabolites,
had no role in the creation of such differences. Soufbaf et al.
(2012) similarly found poor population growth and develop-
ment of P. xylostella on RGSy; as a result of lower nitro-
gen in the leaves of this cultivar. However, further study is
needed to examine the effects of each of these compounds
on the performance of B. brassicae.

However, our results showed that plant cultivars signifi-
cantly affected the performance of D. rapae. In agreement
with our findings, Kalule and Wright (2002) also reported
the plant cultivar is an important and influential factor affect-
ing the performance of Aphidius colemani Viereck. Desneux
and Ramirez-Romero (2009) also introduced D. rapae as
a successful biological control agent against Myzus persi-
cae (Sulzer) in winter canola fields because of the higher
attraction of parasitoids to host-plant complex-related odor
blends that in turn can depend on the plant variety (Kalule
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and Wright 2004). The R, value of the parasitoid in the cur-
rent study was different from the value reported by Tazer-
ouni et al. (2013) on Diuraphis noxia. This difference was
probably a result of different food sources taken up by the
parasitoid. The higher value of R, in the current study indi-
cated that B. brassicae is a more suitable host than D. noxia
for the parasitoid. This conclusion is supported by Kalule
and Wright (2002) who found that the performance of this
parasitoid differed with aphid host species and A. colemani
performed better on M. persicae than on B. brassicae. Our
results showed that adult females attack host nymphs dur-
ing almost the entire duration of their longevity, but their
fecundity declines with increasing age.

We found the performance of the parasitoid wasp D.
rapae and of its herbivorous host B. brassicae to be pro-
foundly affected by different canola cultivars. Cabbage aphid
performance decreased 93% on the resistant canola cultivar
compared with the susceptible one, while parasitoid per-
formance was only reduced by 20% on the resistant culti-
var compared with the susceptible one. This suggests that
combining resistant canola cultivars with biological control
from D. rapae would be a viable IPM strategy. A higher
influence of the host plant on the herbivore compared with
the parasitoid could be due to the herbivore being directly in
connection with substances existing in the plant, while the
parasitoid is indirectly affected by plant substances that pass
through the body of the herbivore.
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