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Abstract

The heritability of resistance is an important tool in the management of pest resistance; it is needed to
evaluate the continued use of a chemical on a particular pest population. The susceptibility of pests to
insecticides may change depending on the selection pressure of these compounds on populations. In
order to verify the extent of changes in susceptibility and its heritability in certain strains of Rhyzopertha
dominica originating in Brazil, experiments were carried out through nine generations of this species.
Strains of known susceptibility to deltamethrin, four from Brazil (BR4, BR2, BR6 and BR7) and one
from United Kingdom (UK1) were used. BR4 and UK1 were thought to be susceptible strains, BR2
had intermediate tolerance; BR6 and BR7 were resistant strains. The strains were selected in the
laboratory with deltamethrin impregnated ®lter papers at each generation, the survivors were cultured
and bioassayed at every third generation. The tolerance of the resistant strains reared with insecticide
pressure increased but to a smaller extent than in susceptible strains. The realized heritability was higher
in susceptible strains than in resistant ones and in both resistant and susceptible strains, higher values of
heritability occurred during the ®rst three generations selected than through subsequent
generations. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Resistance risk assessment has become an important topic for investigation because the
results can be used to avoid or at least postpone resistance problems. Although in the
laboratory insecticide selection is in¯uenced by fewer variables than in the ®eld, it expresses the
maximum potential of a pest to become resistant to the chosen compound. As the resistance
risk depends on genetic, biological and operational factors, these must be considered in the
assessment and because of the varying margin of error, results must be applied with care in the
®eld (Anonymous, 1986; Keiding, 1986).
The heritability parameters are important to estimating the resistance risk before predicting

the continued e�ective use of a chemical on a particular pest. The susceptibility of pests to
insecticides may change depending on the selection pressure of these compounds on
populations and the heritability of resistance can be measured through generations with
laboratory selection experiments.
Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae) is the most important pest of stored

wheat in Brazil and the protectant insecticide deltamethrin has proved ine�ective in several
parts of the country (Lorini, 1992) with some resistant strains con®rmed (Lorini and Galley,
1996) where deltamethrin had been used for many years to protect wheat grain from pests
(Lorini and Schneider, 1994).
In order to determine the heritability of resistance in certain strains of R. dominica,

experiments were carried out through nine generations of this species.

2. Material and methods

2.1. Strains

Five strains of R. dominica were used. Four strains, BR4, BR2, BR6 and BR7, originated in
Brazil and one strain, UK1, in the United Kingdom. Each strain had a di�erent history of
exposure to deltamethrin insecticide. The BR6 and BR7 sites had received repeated treatments
of the compound for at least eight years before collection. The BR4 strain was collected from a
storage site that had no recorded deltamethrin treatments and the UK1 strain had been in
culture in the insectary of Imperial College at Silwood Park for many years and had also not
been exposed to deltamethrin. The strain, BR2, came from a store where deltamethrin had
been applied occasionally as a grain protectant.
Because the strains were left for varying times in culture in the laboratory after collection

from the ®eld they were designated F 0
n + 1 generation at the ®rst assessment of this study. The

®rst generation after selection was designated Fd
1, followed by Fd

2, etc.

2.2. Selection

All strains were reared with deltamethrin pressure at each generation. Deltamethrin selection
was carried out by exposing the population to the appropriate LC50 on ®lter paper, the
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survivors were cultured and selected again at the next generation. Every three generations their
tolerance was assessed by bioassay and the heritability parameters calculated using the
formulae presented by Falconer (1989) and Tabashnik (1992).

2.3. Bioassay procedure

The bioassay procedures in general followed the recommended methods of FAO
(Anonymous, 1969, 1974). Each strain was bioassayed on ®lter paper using ®ve treatments of
deltamethrin, and a control. Deltamethrin 27 g a.i./l (K-otec 25 EC) was diluted with
petroleum ether solvent to the required concentrations and 1.0 ml run on to 9.0 cm diameter
®lter paper, replicated four times. The ®lter papers were left to dry before placing them in Petri
dishes. Ten adult insects, 1±10 days old, were released into each replicate. They were left in an
incubator with temperature and humidity controlled at 272 18C and 702 5% r.h., for 24 h
before assessment.

2.4. Mortality assessment and statistical analysis

The evaluation was made by counting as responding those insects which were unable to walk
during a 2-minute observation period. The proportions of responding insects were analyzed in
GLIM version 3.77 (Royal Statistical Society, see Crawley (1993)) to obtain the LC50s,
con®dence limits, intercepts and slopes. The heritability parameters were then calculated.

3. Results

The heritability of resistance (h 2) estimated over the ®rst three generations of deltamethrin
selection showed the highest value in the BR4 strain decreasing to the lowest value for the
most resistant strain, BR7, of R. dominica. The response to selection (R ) was also highest in
BR4 and lowest in BR7 while the selection di�erential (S ) was lower in BR4 than in the BR7
strain, but not quite so low as in the BR6 strain (Table 1).
Over the second period of selection, generations three to six, the heritability parameters

estimated were much lower than in the ®rst period. The values for h 2 declined with BR4
remaining higher than BR7 but not BR6. Also R was much higher in BR4 than BR7 but the
value of S was similar in the BR4, UK1 and BR2 strains and lower in BR6 and BR7 strains
(Table 2).
At the third period of selection, generations six to nine, h 2 continued to decline in BR4 and

BR6 strains. In UK1, BR2 and BR7 strains, however, h 2 increased above the lower values in
the previous selection period. The response to selection followed the same pattern as
heritability, but S was higher in the BR4 strain than in BR7, BR6, BR2 and the UK1 strains
which were all similar (Table 3).

4. Discussion

The realized heritability was higher in the initially susceptible BR4 strain than in the
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Table 1
Estimation of realized heritability (h 2) of resistance from laboratory-selection experiments of Rhyzopertha dominica

strains with deltamethrin insecticide. Generations F 0
n + 1 to Fd

3. LC50 values in log10(mg/cm
2) of deltamethrina

Estimate of mean response/generation Estimate of mean selection

di�erential/generation

Strains n Initial LC50

(95% conf. lim.)

Final LC50

(95% conf. lim.)

R p i Initial slope

(standard
errors)

Final slope

(standard
errors)

dp S h 2

BR4 3 ÿ1.599 0.166 0.588 79.0 0.365 0.837 1.140 1.012 0.369 1.59
(ÿ2.065±1.206) (ÿ0.151±0.545) (0.1347) (0.1669)

UK1 3 ÿ1.304 ÿ0.224 0.360 76.8 0.397 1.464 0.835 0.870 0.345 1.04
(ÿ1.585±1.036) (ÿ0.613±0.229) (0.1943) (0.1321)

BR2 3 0.186 0.907 0.240 72.1 0.466 1.090 1.219 0.866 0.404 0.59
(ÿ0.316±0.478) (0.650±1.188) (0.2385) (0.2302)

BR6 3 0.522 1.309 0.262 70.7 0.486 1.970 1.519 0.573 0.278 0.94

(0.330±0.694) (1.092±1.602) (0.2891) (0.2576)
BR7 3 1.343 1.931 0.196 70.3 0.492 0.687 0.991 1.192 0.586 0.33

(0.921±2.298) (1.524±2.884) (0.2103) (0.2441)

a n, number of generations selected; R, response to selection (R=(initial LC50ÿ®nal LC50)
ÿn); p, the mean percen-

tage surviving after 3 selections; i, intensity of selection (Falconer, 1989); dp, the phenotypic standard deviation

(dp=[1/2(initial slope+®nal slope)]ÿ1); S, selection di�erential (S=i.dp); h
2, realized heritability (h 2=R/S ).

Table 2
Estimation of realized heritability (h 2) of resistance from laboratory-selection experiments of Rhyzopertha dominica
strains with deltamethrin insecticide. Generations Fd

3 to Fd
6. LC50 values in log10(mg/cm

2) of deltamethrina

Estimate of mean response/generation Estimate of mean selection
di�erential/generation

Strains n Initial
LC50

Final LC50

(95% conf. lim.)
R p i Initial

slope
Final slope
(standard errors)

dp S h 2

BR4 3 0.166 0.602 0.145 51.0 0.782 1.140 1.014 0.928 0.726 0.20
(0.234±1.114) (0.1657)

UK1 3 ÿ0.224 ÿ0.048 0.058 56.6 0.695 0.835 1.054 1.059 0.736 0.08
(ÿ0.378±0.335) (0.1534)

BR2 3 0.907 1.069 0.054 44.3 0.891 1.219 1.314 0.789 0.703 0.08
(0.834±1.356) (0.2368)

BR6 3 1.309 1.829 0.173 57.6 0.680 1.519 1.368 0.693 0.471 0.37
(1.529±2.386) (0.2765)

BR7 3 1.931 2.077 0.048 49.0 0.814 0.991 1.561 0.784 0.638 0.07

(1.753±2.739) (0.3318)

a n, number of generations selected; R, response to selection (R=(initial LC50ÿ®nal LC50)
ÿn); p, the mean percen-

tage surviving after 3 selections; i, intensity of selection (Falconer, 1989); dp, the phenotypic standard deviation
(dp=[1/2(initial slope+®nal slope)]ÿ1); S, selection di�erential (S=i.dp); h

2, realized heritability (h 2=R/S ).
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resistant BR7 strain during the nine generations selected (Table 4). However the initial
generations selected showed higher heritability than the later ones, suggesting that by the ninth
generation the population had approximately stabilized. The results showed that under
insecticide selection pressure, the more susceptible strains increased their tolerance level to the
insecticide faster than the resistant strains, and therefore they may have included some
individuals carrying resistant genes at the outset. The strain initially showing an intermediate
level of resistance, BR2, gave a response intermediate between the more resistant and the more
susceptible strains.

Table 3
Estimation of realized heritability (h 2) of resistance from laboratory-selection experiments of Rhyzopertha dominica

strains with deltamethrin insecticide. Generations Fd
6 to Fd

9. LC50 values in log10(mg/cm
2) of deltamethrina

Estimate of mean response/generation Estimate of mean selection

di�erential/generation

Strains n Initial

LC50

Final LC50

(95% conf. lim.)

R p i Initial

slope

Final slope

(standard errors)

dp S h 2

BR4 3 0.602 0.663 0.020 50.3 0.793 1.014 1.635 0.755 0.599 0.03

(0.474±0.878) (0.3668)
UK1 3 ÿ0.048 0.721 0.256 63.6 0.590 1.054 1.817 0.696 0.411 0.62

(0.554±0.925) (0.3764)
BR2 3 1.069 1.912 0.281 55.6 0.710 1.314 1.652 0.674 0.478 0.59

(1.727±2.223) (0.3781)
BR6 3 1.829 2.082 0.084 55.3 0.715 1.368 1.489 0.700 0.500 0.17

(1.858±2.5805) (0.3821)

BR7 3 2.077 2.303 0.226 49.0 0.814 1.561 1.847 0.586 0.477 0.47
(2.067±2.855) (0.4468)

a n, number of generations selected; R, response to selection (R=(initial LC50ÿ®nal LC50)
ÿn); p, the mean percen-

tage surviving after 3 selections; i, intensity of selection (Falconer, 1989); dp, the phenotypic standard deviation
(dp=[1/2(initial slope+®nal slope)]ÿ1); S, selection di�erential (S=i.dp); h

2, realized heritability (h 2=R/S ).

Table 4
Realized heritability (h 2), response to selection (R ) and selection di�erential (S ) of Rhyzopertha dominica strains
with deltamethrin selection in the laboratory

R
generations

S
generations

h 2

generations

Strains 0±3 3±6 6±9 Mean 0±3 3±6 6±9 Mean 0±3 3±6 6±9

BR4 0.59 0.14 0.02 0.25 0.37 0.73 0.60 0.57 1.59 0.20 0.03

UK1 0.36 0.06 0.26 0.23 0.34 0.74 0.41 0.50 1.04 0.08 0.62
BR2 0.24 0.05 0.28 0.19 0.40 0.70 0.48 0.53 0.59 0.08 0.59
BR6 0.26 0.17 0.08 0.17 0.28 0.47 0.50 0.42 0.94 0.37 0.17
BR7 0.20 0.05 0.23 0.16 0.58 0.64 0.48 0.57 0.33 0.07 0.47
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The number of generations required for a 10-fold increase in LC50, (G ), is the reciprocal of
response to selection (R ) (Tabashnik, 1992). Thus for the BR4 strain a mean of 4.0 generations
was necessary for a 10-fold increase in LC50 while for the two resistant strains, BR6 and BR7,
about six generations were necessary to achieve the same 10-fold increase in LC50 (Table 4).
The rate at which a pest population may increase its tolerance to deltamethrin insecticide is

an important aspect to be considered when managing pesticide resistance in the ®eld. As
deltamethrin continues to be relied upon as a grain protectant in Brazil, careful management is
urgently required to avoid the spread of resistant strains and losses in grain quantity and
quality.
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