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Abstract

The prickly-pear cactus Opuntia ficus-indica L. is grown throughout Morocco and has an important economic role as a source of
food, animal feed and income for rural populations. However, currently this crop is suffering from attack by the wild cochineal
Dactylopius opuntiae, which has caused huge production losses. This study was conducted to evaluate the effectiveness of five
botanical extracts and a detergent for the control of nymphs and adult females of D. opuntiae in laboratory bioassays and field
conditions. Under laboratory conditions, the detergent black soap at 60 g/l caused 100% mortality of D. opuntiae adult females
and nympbhs, 48 h after treatment. Capsicum annuum fruit extract at 10% gave 100% mortality of nymphs at 96 h after application
and 56% mortality of adult females at 192 h after treatment. Under field conditions, black soap at 60 g/l applied in combination
with C. annuum at 200 g/l caused the highest mortality on adult females (87.31%) at 168 h after application, and 84.9% on
nymphs at 72 h after treatment. The black soap at 60 g/l had the greatest impact on mortality of D. opuntiae nymphs and adult
females when applied at low to medium levels of D. opuntiae infestation. The double application of black soap at 60 g/l over a 3-
day spray interval significantly increased the mortality of adult females up to 82.5% at 3 days after the second application. These
findings showed that the use of the biodegradable products, black soap at 60 g/l in double application or in combination with
C. annuum extract at 200 g/1, could be incorporated in the management package for the control of D. opuntiae as a safe alternative
to chemical insecticides.
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Introduction various purposes, producing fruit and vegetables and as a for-

age substitute during drought for smallholder farmers.

The prickly pear, Opuntia ficus-indica (L.) Mill.
(Caryophyllales: Cactaceae), is a cactus species widespread in
semi-arid and arid regions of the world. These plants serve
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Furthermore, its industrial and medicinal products are highly
demanded in the market. In many countries, the prickly pear is
considered an important re-vegetation crop to control water and
soil erosion in degraded areas (Yahia and Saenz 2011). The
crop has proved resilient to harsh conditions such as drought
and heat and can be used to reduce the effects of desertification.
Cactus pear has gradually attained economic importance in
different areas, including the Mediterranean basin (Le
Houérou 1996).

In Morocco, the prickly pear cactus plantations have been
greatly promoted by the green Morocco Plan strategy as an
alternative crop in less favorable regions. The cactus area
progressed from 45,000 ha in the early 1990s to currently over
150,000 ha (MAPMDREF 2017). Unfortunately, the crop
now suffers from the attack of a new sap-sucking insect pest,
the wild cochineal Dactylopius opuntiae (Cockerell)
(Hemiptera: Dactylopiidae). This insect was reported for the
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first time in Morocco in September 2014 in the Sidi Bennour
region,70 km from El Jadida (Bouharroud et al. 2016). The
D. opuntiae has spread over different regions, threatening the
whole value chain. With such high speed of dissemination, the
pest may completely wipe out cactus pear crops in the
near future.

Dactylopius opuntiae is native to Mexico and was de-
scribed by Cockerell in 1896 (De Lotto 1974). The females
are covered with a white waxy powder that protects them from
predators and, when they are crushed, they produce carminic
acid that can be used in food, textile and cosmetic industries
(Chavez-Moreno et al. 2009; Pifia 1979). Nymphs and adult
females of D. opuntiae feed on plants by sucking sap on the
cladode, leading to chlorosis, drying, weakening of plants and
eventually death in the case of severe infestation (Vanegas-
Rico et al. 2010). The D. opuntiae is spreading rapidly in
many countries, especially in the Mediterranean basin, where
it has become a serious pest of prickly-pear crops (Mazzeo
et al. 2018).

Because of the huge losses caused by D. opuntiae, there is
an urgent need to develop an integrated pest management
(IPM) approach combining several measures to control the
pest population. This approach consists of multiple tools
based on mechanical, physical, biological, chemical and other
methods (Cavalcanti et al. 2001; Lopes et al. 2007; Santos
et al. 2006). In Morocco, great progress has been made in
the development of IPM options for the control of this devas-
tating insect (Bouharroud et al. 2018; El Aalaoui et al.
2019b).The National Office of Food Safety (ONSSA) in
Morocco has registered several insecticides for its control,
including pyriproxyfen, spirotetramat, acetamiprid, chlorpyr-
ifos and mineral oils such as paraffin oil, white mineral oil,
petroleum oil (ONSSA-National Office of Food Safety
2019).There is increasing concern about the use of synthetic
residual insecticides that, in addition to the insecticide-
resistance problem, threaten human health, contaminate the
environment and have negative impacts on natural enemies
(Isman 2019).

The aim of this study was to investigate the potential of
several alternative biodegradable products, including botani-
cal extracts and a detergent for the control of D. opuntiae
nymphs and adult females under laboratory and field
conditions.

Material and methods

Preparation of plant extracts

Five plants known for their insecticidal effect were collected
from their natural habitats in different Moroccan localities

(Table 1). In the ICARDA Entomology Laboratory at Rabat,
different parts of plants were rinsed, dried at room temperature
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26+ 2 °C and a relative humidity of 75 £ 5%, and then pow-
dered using an electric blender. One hundred grams of each
sample were macerated in 1 1 of distilled water for
72 h, and then filtered through Whatman No. 1 filter
paper. After filtration, the extracts were collected in a
round-bottom flask and frozen at —80 °C for 24 h, and
then freeze-dried using a Labconco Free-zone 6 instru-
ment (Kansas City, US).

Laboratory bioassays

All experiments were conducted in the laboratory at the
Khemis Zemamra Experimental Station of the National
Institute of Agronomic Research (32°37'48"N,
8°42'0"W) in 2018.

Insecticidal effects of botanical extracts
on D. opuntiae nymphs and adult females

The insecticidal activity of botanical extracts was determined
by direct contact application in laboratory conditions at tem-
perature of 26 + 2 °C, relative humidity of 75% and photope-
riod of 14/10 h of light/dark. A completely randomized design
was adopted using five replicates per concentration for
each treatment. Five concentrations for each plant ex-
tract (0.625, 1.25, 2.5, 5 and 10%) were applied using
a 1-1 hand sprayer.

Ten first instar nymphs of D. opuntiae and 10 females of
the same age were deposited separately on unsprayed and no
infested cladodes of the same size placed in Petri dishes (9 cm
in diameter), including a check treated with water only.
Arttificial infestation on cladode surfaces was performed by
fixing each stage of D. opuntiae using an entomological
brush. All D. opuntiae stages were collected from cactus pear
plants used for rearing in cages. Nymph mortality was record-
ed after 24, 48, 72 and 96 h. Mortality of adult females was
counted every 24 h for 8 days after applying treatments.
Mortality was examined using a binocular microscope
(Motic). The dead nymphs showed no movement, and had
color modifications, while the dead females revealed a desic-
cation of their bodies and dark brown color.

Insecticidal effects of insecticidal soap on D. opuntiae
nymphs and adult females

The insecticidal activity of black soap was determined by
contact application using a completely randomized design
with five replicates. Four concentrations were selected for
their efficacy against D. opuntiae nymphs and mature
females: 30, 60,100 and 150 g/l. The insecticidal soap
solution was applied using a 1-1 hand sprayer. Mortality
of nymphs and adult females was recorded 24, 48 and
72 h after treatments.
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Table 1 Plants and their parts

used for evaluation of insecticidal Scientific name Family name Common name Origin Part used
activities against D. opuntiae
Urtica dioica Urticaceae Nettle Casablanca Leaves
Eucalyptus globulus Myrtaceae Eucalyptus Casablanca Leaves
Ricinus communis Euphorbiaceae Castor bean Casablanca Seeds
Capsicum annuum Solanaceae Chili pepper Beni Mellal Fruits
Mandragora officinarum Solanaceae Mandrake Settat Roots

Field trials
Experimental site

The promising plant extracts that showed significant ef-
ficacy against D. opuntiae females under laboratory
conditions were selected to assess their efficacy in nat-
ural field infestations in various trials during
September—November 2018. The field trials were con-
ducted in Jamaat Riah rural commune in Settat Province
(33°09'41.0"N, 7°22'51.6"W).

Experiment 1: Exposure of D. opuntiae to low doses
of biopesticides

The first experiment included four treatments — black
soap (30 g/l), C. annuum extract (10%), U.dioica extract
(10%) and control treated only with water — applied
using a 2-1 hand sprayer A randomized complete block
design was used with four replicates. Female mortality
was recorded at 72 and 168 h after treatments on three
infested cladodes selected for each treatment, and mor-
tality on nymphs was recorded 72 h after treatments.

Experiment 2: Toxicity of 60 g/l soap
with three different concentrations of C. annuum
extract

The second trial consisted of four treatments using the synergy
of'the black soap (60 g/1) with three different concentrations of
C. annuum:50 g macerated in 1 1 of water (50 g/), 100 and
200 g/l for 72 h and then filtered. A randomized complete
block design was used with four replicates. Female mortality
was recorded at 72 and 168 h after treatment using four clad-
odes per plot, and nymph mortality was recorded 72 h after
treatment.

Experiment 3: Toxicity of 60 g/l soap and
200 g/l C. annuum and their combination

The trial was conducted following a randomized com-
plete block design with four replicates and four treat-
ments: black soap at 60 g/l, C. annuum extract at

200 g/l macerated for 72 h and filtrated, their combina-
tion, and water as a control treatment. Mortality of
nymphs and females was recorded as described
previously.

Experiment 4: toxicity of 60 g/l soap at different levels
of D. opuntiae infestation

The most efficient concentration of the black soap
(60 g/l) obtained from laboratory bioassays was tested
under natural field conditions. The black soap at 60 g/l
was applied on cladodes with different degrees of infes-
tation using a rating scale modified from Silva (1991).
The levels of infestation were low (1-25%), medium
(26-50%) and high (51-75%). The experiment was con-
ducted in a randomized complete block design with
three replicates. The four treatments used in the trial
included untreated plot (control) and black soap at
60 g/l applied at the three levels of D. opuntiae infes-
tation, using three cladodes for each plot. Mortality of
females was recorded 72 and168 h after treatment, and
mortality of nymphs was recorded 72 h after treatment.

Experiment 5: Comparative toxicity of 60 g/l soap
applied in single and double applications

The trial was conducted in a cactus area of about 20 m?
under a high level of D. opuntiae infestation. One side
of the plot received one application of black soap (60 g/
1) and other side received a second application 72 h
after the first treatment. Four cladodes were selected
randomly on both sides in order to compare the mortal-
ity of adult female D. opuntiae at 72 and 168 h after
treatment for each side.

Data analysis

Data were analyzed using one-way analysis of variance
(ANOVA). Mortality percentages were transformed into
arcsine V% before the statistical analysis. The means
were compared using Fisher’s least significant differ-
ences (LSD) test at P<0.05 using Genstat (19th
Edition, VSN International, UK).
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Results
Laboratory bioassays

Effect of botanical extracts on D. opuntiae nymphs and adult
females

Mean percent mortality of D. opuntiae nymphs and adult fe-
males exposed to five aqueous extract are presented in
Tables 2 and 3. The statistical analysis showed a significant
difference in nymph mortality rates among all the tested prod-
ucts during the different exposure periods.

At 48 h after application, the highest percentage mortality
(96%) of nymphs was recorded for the C. annuum extract at
10%. The M. officinarum at 10% and C. annuum at 5% were
the second most effective extracts, both resulting in 74%
nymph mortality. The M. officinarum at 5% produced 60%
mortality on nymphs.

At 72 h after treatment, there were significant differences
among botanical extracts (P <0.001). The mortality percent-
ages compared using LSD showed that C. annuum at 10%
was separated as a different group from the other extracts.
The C. annuum showed the highest percentage of nymph
mortality (100%) at 10% and about 84% at 5%.

Table 2 Mean percentage of
D. opuntiae nymph mortality
after exposure to different

Exposure period

botanical extracts Treatments Dose (%) 24 h 48 h 72 h 96 h
(botanical extracts)
C. annuum 10 84.00 g 96.00 k 100.00 j 100.00 n
5 54.00 f 74.00j 84.00 i 92.00 mn
25 26.00 e 54.00 1 68.00 efg 82.00 Im
1.25 12.00 cd 28.00 fg 58.00 de 76.00 ki
0.625 6.00 abed 20.00 def 36.00 ¢ 56.00 hi
U. dioica 10 14.00 d 54.00 i 82.00 i 92.00 mn
5 4.00 abc 20.00 def 66.00 ef 82.00 Im
25 2.00 ab 14.00 cde 24.00b 54.00 ghi
1.25 0.00 a 8.00 abc 34.00 be 50.00 fgh
0.625 0.00 a 2.00 ab 24.00b 42.00 ef
M. officinarum 10 58.00 £ 74.00 j 80.00 hi 90.00 mn
5 28.00 e 60.00 i 70.00 fgh 76.00 k1
2.5 10.00 bed 42.00 h 52.00d 64.00 ij
1.25 8.00 abed 28.00 fg 52.00d 54.00 ghi
0.625 2.00 ab 12.00 bede 28.00 be 40.00 ef
E. globulus 10 14.00d 42.00 h 78.00 ghi 78.00 k1
5 10.00 bed 22.00 ef 50.00d 54.00 ghi
25 0.00 a 14.00 cde 30.00 be 48.00 fgh
1.25 4.00 abc 12.00 bede 24.00b 32.00 de
0.625 0.00 a 6.00 abc 8.00 a 22.00 cd
R. communis 10 6.00 abed 34.00 gh 54.00d 70.00 ik
5 0.00 a 10.00 abed 28.00 be 44.00 fg
25 0.00 a 0.00 a 10.00 a 18.00 be
1.25 0.00 a 0.00 a 2.00a 12.00 be
0.625 0.00 a 0.00 a 2.00a 8.00 ab
Check (water) 0.00 a 0.00 a 2.00 a 0.00 a
P value <0.001 <0.001 <0.001 <0.001
SEM 1.857 2.329 2.506 2.462
LSD (P<0.05) 4.951 5.807 5.492 6.196

Means in the same column followed by different letter(s) are significantly different based on Fisher’s protected

LSD test (P <0.05).
SEM: standard error of the mean.

LSD: least significant difference.
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Table 3 Mean percentage
mortality of D. opuntiae adult

Exposure period

females after exposure to different

botanical extracts Treatments 72 h 96 h 120 h 144 h 168 h 192 h
(botanical extracts)
C. annuum (10%) 0.000 a 28.00 ¢ 36.00 ¢ 46.00 ¢ 50.00 ¢ 56.00 ¢
U. dioica (10%) 12.000 b 12.00 b 12.00 b 26.00 b 26.00 b 26.00 b
Check (water) 0.000 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SEM 1.633 3.333 4231 5.237 5.595 6.284
LSD (P<0.05) 3.766 8.83 9.03 8.63 7.53 8.63

Means in the same column followed by different letter(s) are significantly different based on Fisher’s protected

LSD test (P<0.05).

At 96 h after treatment, the highest percentage mortality of
nymphs (100%) occurred for C. annuum at 10%, and extracts
of C. annuum at 5% and U. dioica at 10% both resulted in
92% mortality. The increasing doses of the extracts signifi-
cantly increased the mortality of nymphs that were exposed to
different extracts for different periods.

The bioassays showed a significant difference (P<0.001)
between the treatments through various exposure periods on
D. opuntiae adult females (Table 3). The C. annuum and
U. dioica extracts expressed the highest toxic activity on
D. opuntiae adult females among all tested extracts. The moder-
ate percentage mortality (56%) occurred at 192 h for C. annuum
at 10%. However, the U. dioica extract at10% caused the low
mortality rate (26%) at 144192 h after application.

Insecticidal effects of black soap on D. opuntiae
nymphs and adult females

The ANOVA showed no significant differences in mortality of.
Opuntiae nymphs and adult females caused by black soap treat-
ment at all doses tested for various exposure times. However, the
mortality means significantly differed from the check (P <0.001;
Table 4). The results showed high toxicity of the black soap at
different doses on D. opuntiae females and nymphs. At 6 h post-
application, the mortality of nymphs exceeded 92% at the lowest
dose (30 g/l). After 48 h, the highest mortality (100%) of nymphs
occurred for all tested doses (i.e. 60, 100 and 150 g/l).

For adult females, the toxicity of black soap at different
doses ranged from 96% at 24 h after treatment at 30 g/l to
100% at 48 h after application for the other tested doses (i.e.
60, 100 and 150 g/1).

Field trials

Insecticidal effects of C. annum and U. dioica and black soap
solution on D. opuntiae nymphs and adult females

The mortality of D. opuntiae nymphs and adult females after
exposure to botanical extracts and black soap is presented in

Table 5.There were significant differences in mortality for
both nymphs and adult females(P < 0.001).Data from the first
trial showed that the black soap at 30 g/l and C. annuum at
10% caused the highest nymph mortality with 73 and 70% at
72 h after application, respectively. However, the highest mor-
tality observed was only 33% of adult females with black soap
at 30 g/l at 168 h after application.

The second field trial showed significant differences in
mortality of nymphs and adult females between black soap
at 60 g/l applied in combination with different doses of
C. annuum extract and the control (P <0.001). At 72 h after
treatment, the highest toxicities against nymphs (82.50%) and
adult females (80.38%) were recorded for the black soap
(60 g/I) in combination with the highest dose (200 g/l) of
C. annuum extract, 168 h after treatment The lowest mortal-
ities of adult females of 53.75 and 40.00% occurred for black
soap at 60 g/l combined with the lowest doses of C. annuum at
100 and 50 g/l, respectively.

The third trial showed that black soap at 60 g/l and the
combination of black soap at 60 g/l with C. annuum at
200 g/l showed the greatest mortality rates of nymphs at
72 h after application, with 87.53 and 84.90%, respectively.
At 168 h after treatment, the combination of 60 g/ black soap
and 200 g/l C. annuum extract showed the greatest percentage
mortality on adult females with 87.31%. The comparison of
means grouped this combination separately from the other
treatments in terms of mortality on adult females.

Insecticidal effects of black soap on nymphs and adult
females at different D. opuntiae infestation levels

The percentage of mortality of nymph and adult females for
black soap applied at 60 g/l significantly differed among the
various levels of D. opuntiae infestation (P < 0.001; Table 6).
The black soap at 60 g/l had a high toxicity effect on nymphs
and adult females when applied at low to medium levels of
D. opuntiae infestation. The highest mortality of nymphs was
91.11 and 88.89% at 72 h after application of black soap at
60 g/l on cladodes with low and medium levels of D. opuntiae
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Table 4 Insecticidal effects of black soap on D. opuntiae nymphs and adult females

Nymphs Adult females
Treatments/ exposure period 6h 24 h 48 h 72 h 24 h 48 h 72 h
Black soap (150 g/l) 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b
Black soap (100 g/l) 98.00 b 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b
Black soap (60 g/l) 96.00 b 98.00 b 100.00 b 100.00 b 100.00 b 100.00 b 100.00 b
Black soap (30 g/l) 92.00 b 96.00 b 98.00 b 98.00 b 96.00 b 98.00 b 98.00 b
Check (water) 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 a
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SEM 7.969 8.069 8.134 8.134 8.122 8.134 8.134
LSD (P<0.05) 7.46 3.909 2.681 2.681 5.363 2.681 2.681

Means in the same column followed by different letter(s) are significantly different based on Fisher’s protected LSD test (P < 0.05).

infestation, respectively. At 168 h after treatment, the mortal-
ity of 98.33% of adult females occurred for application of

black soap at 60 g/l on cladodes with low infestation. The

lowest mortality of adult females was for black soap at 60 g/
1 at medium and high levels of infestation with 72.22 and

59.83%, respectively.

Comparative toxicity of 60 g/l black soap applied
in single and double applications

The mortality of nymphs and adult females after exposure to a
single and double applications of black soap at 60 g/l under

the high infestation level of D. opuntiae is presented in

Table 5 Mean percentage
mortality of D. opuntiae nymphs

Treatments/exposure period

Percent mortality of nymphs ~ Percent mortality

and adult females at 72 and 168 h of females
after exposure to different —
botanical extracts and 72 h 72 h 168 h
insecticidal soap
Trial 1 Black soap (30 g/l) 7333 ¢ 25.667b  33.000 ¢
C. annuum (10%) 70.00 ¢ 0.667 a 6.083 a
U. dioica (10%) 22.08 b 0.000 a 0.000 a
Check (water) 0.00 a 0.000 a 0.000 a
P value <0.001 <0.001 <0.001
SEM 2.55 1.535 2.03
LSD (P<0.05) 7.29 4.380 5.80
Trial 2 Black soap (60 g/l) + C. annuum (200 g/l)  82.50 ¢ 66.50 d 80.38 d
Black soap (60 g/l) + C. annuum (100 g/l)  79.69 ¢ 41.62 ¢ 53.75¢
Black soap (60 g/l) + C. annuum (50 g/1) 7438 b 30.50 b 40.00 b
Check (water) 0.00 a 0.00 a 0.00 a
P value <0.001 <0.001 <0.001
SEM 1.062 0.834 0.920
LSD (P<0.05) 3.007 2.362 2.605
Trial 3 Black soap (60 g/l) + C. annuum (200 g/l)  84.90 ¢ 79.62 d 87.31d
Black soap (60 g/) 87.53 ¢ 58.10 ¢ 68.90 ¢
C. annuum (200 g/1) 7441 b 10.60 b 18.40 b
Check (water) 0.00 a 0.00 a 0.00 a
P value <0.001 <0.001 <0.001
SEM 4.624 4208 4.553
LSD (P<0.05) 3.323 3.879 3.657

For each trial, means in the same column followed by different letter(s) are significantly different based on
Fisher’s protected LSD test (P < 0.05).
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Table 6 Mean percentage

mortality caused by black soap at Infestation level Percent mortality of nymphs Percent mortality of females

60 g/l on nymphs and adult

females at 72 and 168 h after 72h 72h 168 h

treatment at different levels of

D. opuntiae infestation Low (1-25%) 91.11 ¢ 97.78 d 98.33d
Medium (26-50%) 88.89 ¢ 58.89¢ 7222¢
High (51-75%) 77.78 b 4778 b 59.83b
Check (water) 0.00 a 0.00 a 0.00 a
P value <0.001 <0.001 <0.001
SEM 1.102 2.11 6.451
LSD (P <0.05) 3.182 6.10 5.881

Means in the same column followed by different letter(s) are significantly different based on Fisher’s protected

LSD test (P < 0.05).

Table 7.There was a significant difference in mortality rates
between the black soap at 60 g/l and the control for different
exposure periods (Table 7). The mortality of adult females was
57.50% at 72 h after the first application; whereas, mortality
increased significantly, at 72 h after the second application of
black soap at 60 g/1, to about 82.5%. At 168 h after the second
treatment, the mortality of adult females reached 85.0%.

Discussion

The present study was conducted to evaluate the insecticidal
effect of various biodegradable products, including botanicals
extracts, and a detergent for the control of D. opuntiae nymphs
and adult females. Among all the tested bio-insecticides, black
soap at 60 g/l, C. annuum extract at 10% and their combina-
tion were the most effective against both nymphs and adult
females.

The black soap at the tested concentrations of 60, 100 and
150 g/l effectively reduced the numbers of D. opuntiae adult
females and nymphs. Depending on the level of D. opuntiae
infestation, the black soap at 60 g/l had an excellent insecti-
cidal effect on nymphs and adult females when applied at low
to medium levels of D. opuntiae infestation. The field exper-
iments showed the high potential of black soap at 60 g/l, when

Table 7

applied in double sprays over a 72-h spray interval, without
any evident phytotoxicity for the treated plants. This insecti-
cidal effect seemed to be greater at the beginning of the
D. opuntiae infestation. The first application of black soap
caused 57.5% mortality of adult females, with a strong degra-
dation of the cuticular wax. The second application signifi-
cantly increased mortality of adult females to 85% most prob-
ably caused by asphyxia after obstruction of spiracles, dehy-
dration of the body and increased exposure to UV radiation.
The removal of the waxy and fatty substances from female
bodies exposes them to the UV radiation in sunlight, causing
extreme dehydration and quick death.

Potassium salts of fatty acids (PSFA) are commonly re-
ferred to as soap salts and are used as insecticides, herbicides,
fungicides and algaecides (NPIC - National Pesticide
Information Center 2001). Moroccan black soap is a tradition-
al product manufactured from natural fatty acids derived from
olive oil. Soaps and oils may have been among the first
chemicals used to control insects (Puritch 1981). Several au-
thors have reported high insecticidal effects of soap on a range
of insect pests, mostly against soft-bodied insects, aphids,
mealybugs and thrips as well as spider mites. These effects
were usually achieved with the highest concentration tested, in
most cases under or equal to 2%, and with the greatest number
of sprays (Curkovic 2016). The present study corroborates the

Insecticidal effects of single and double applications of black soap on adult females at a high level of D. opuntiae infestation

Treatments Percent mortality at 72 h after the

first application

Percent mortality at 72 h after
the second application

Percent mortality 168 h
after the second application

Black soap (60 g/l) 57.50 a
Check (water) 0.00 b
P value 0.001
SEM 11.10
LSD (P<0.05) 15.455

8250 a 85a
250b 250b
<0.001 <0.001
15.32 15.69
12.992 7.95

Means in the same column followed by different letter(s) are significantly different based on Fisher’s protected LSD test (P < 0.05).
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findings of many earlier studies using insecticidal soap in
different formulations and doses against two different cactus
cochineal species, D. opuntiae and D. coccus.

Mendoza et al. (2004) reported that laundry soap (detergent
Roma® and Peak Plus) at 0.5-3.0% caused a mortality rate
exceeding 50% among D. opuntiae adult females and first-
and second-instar nymphs,10 days after each application.
They showed that the first application removed the cuticular
wax, which caused insect dehydration and thus death.
Additionally, repeated application increased the mortality
rates for each concentration of the tested products.

Carvalho et al. (2006) confirmed excellent control (100%)
7 days after application with laundry soap on carmine cochi-
neal D. coccus colonies, when applied at concentrations of 1—
5%. The present findings corroborate those of Carvalho and
Lopes (2007) that direct application of powder laundry soap at
2% and neutral detergent at 5% caused a significant reduction
(98-100%) of D. opuntiae colonies. In addition, Brito et al.
(2008) reported a high reduction rate (83.80%) for
D. opuntiae colonies at 8 days after application of 5% soap
powder. A recent study revealed that application of a commer-
cial insecticidal soap (HAMPER, with PSFA, of 500 g/l) at
60 cm’/hl showed a mortality rate of 88% on first- and second-
instars of D. opuntiae, 24 h after spraying (El Aalaoui et al.
2019a). However, mortality was only 46.98% for adult fe-
males at 120 h after application.

In Morocco, Joutei and Bassy (2010) confirmed the high
insecticidal potential of black soap at 3%, with significant
reductions in the population level of green peach aphid
(Myzus persicae Sulzer) and without any negative effects on
beneficial insects.

In order to provide direct contact with D. opuntiae, the
insecticidal soap must be applied at shorter application inter-
vals and with complete possible coverage of the different parts
of the cactus plant.

The modes of action for soaps and detergents against pests
are not well understood; they are known to act at multiple sites
not a specific target site (Sparks and Nauen 2015).Wax re-
moval, repellency or cell membrane disruption, arthropod
dislodging and drowning have been mentioned as lethal
mechanisms involved in use of soaps and detergents (Butler
et al. 1993; Curkovic 2016).

The application of insecticidal soap is considered more
selective than conventional insecticides, being compatible
with biological control due to low adverse impacts on benefi-
cial fauna (Curkovic 2016). Brito et al. (2008) studied the
selectivity of several biodegradable products including soap
powder at 5% to control D. opuntiae. They found that this
application did not significantly affect the populations of nat-
ural enemies, such as ladybug larvae Zagreus bimaculosus
and Cycloneda sanguinea (Linnaeus 1763) (Coleoptera:
Coccinellidae) and Baccha sp. (Diptera: Sirphidae). A similar
study was conducted by El Aalaoui et al. (2019a) using
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several chemical and biological insecticides against
Cryptolaemus montrouzieri adults and larvae. The application
of the insecticidal soap (HAMPER, 500 g/l PSFA) at 20—
60 cm>/hl was less harmful to the predator C. montrouzieri,
causing mortality rates of 27.06—44.71 and 25.00—41.67% for
adults and larva, respectively.

Comparison of insecticidal efficacy of the different extracts
showed that the C. annuum fruit extract at 10% was the most
effective among the five aqueous extracts tested on
D. opuntiae adult females and nymphs. The mortality under
controlled conditions reached 100% on nymphs at 72 h and
56% on adult females at 192 h after treatment. However,
C. annuum extract was less toxic under field infestation when
applied directly to cladodes with colonies protected by a
thicker wax. The current study showed that the first applica-
tion of black soap at 60 g/l allowed removal of the cuticular
wax, which exposed the D. opuntiae nymphs and adult fe-
males to high contact toxicity with 200 g/l C. annuum extract.
This explains the higher percentage mortality following soap
application compared to a single application of C. annuum
extract.

The insecticidal properties of C. annuum result from the
combination of several alkaloid compounds called
capsaicinoids. Among these components, capsaicin and
dihydrocapsaicin contribute approximately 80-90% of the to-
tal pungency in most C. annuum fruit (Zewdie and Bosland
2001). The amount of capsaicin in C. annuum fruit comprises
more than 70% of their pungency (Titze et al. 2002).
According to many studies, capsaicin (8-methyl-N-vanillyl-6
nonemide) has broad-spectrum insecticidal activity
against various species of insect pests. In addition, these
alkaloid compounds are biodegradable and ecofriendly
(Isman 1999). The capsaicin’s toxicity appears to be
through metabolic disruption, membrane damage and
nervous system dysfunction (Copping 2001). Several in-
secticides and rodenticides based on capsaicin have
been registered by the Environmental Protection
Agency of the USA (Gudeva et al. 2013).

Edelson et al. (2002) also reported good efficacy of
“Capsyn”, a formulation containing 21 g/l of capsaicinoids,
mixed with “M-Pede” containing 490 g/l PSFA on Myzus
persicae (Sulzer). This formulation provided the greatest mor-
tality (79%) among all tested mixtures. The authors reported
that capsaicin extracts alone showed low levels of toxicity, but
acted synergistically in mixtures with other insecticides and
provided greater than expected levels of mortality. Likewise,
C. annuum extract has shown its insecticidal effect against rice
grain insects Angoumois grain moth (Sitotroga cerealella)
(Prakash and Rao 2006). Similarly, Madhumathy et al.
(2007) reported that 0.024% C. annum extract had strong
toxicity (>96%) against fourth-instar larvae of two mosquito
disease vector species Culexquinque fasciatus and Anopheles
stephensi (Diptera: Culicidae).
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Diets containing capsaicin showed some growth-retarding
activity on the larvae of spiny bollworm Earias insulana
(Lepidoptera: Noctuidae) (Weissenberg et al. 1986). Extracts
of C. annum were also proven as repellents of some species of
stored product beetles, such as Sitophilus zeamais
Motschulsky (Coleoptera: Curculinidae) and Tribolium
castaneum (Herbst) (Coleoptera: Tenebriouidae) (Ho et al.
1997). In Malaysia, Mutalib et al. (2017) reported that the
ethanolic extract of C. annuum showed excellent repellent
activity and strong insecticidal activity against the ant pest
Tapinoma sessile.

Several studies have reported the use of botanical extracts
for control of D. opuntiae. In Brazil, Borges et al. (2013)
found that neem (Azadirachta indica A. Juss.) extract reduced
the infestation rate of D. opuntiae on prickly pear under green-
house conditions.

Vigueras et al. (2009) tested several botanical extracts on
D. opuntiae under laboratory conditions. They showed mor-
tality rates of 82, 92, 95, 98 and 99% for extracts of
Chenopodium ambrosioides L., Mentha piperita L., Mentha
viridis L., Tagetes erecta L. and Tagetes florida L. at 72 h
following treatment against second instars of D. opuntiae.
They also reported that the volatile compounds present in
the different extracts consisted of alkanes, alcohol, aldehydes
and terpenoids, especially monoterpenoids, which may be re-
sponsible for the insecticidal toxicity. Pérez-Ramirez et al.
(2014) showed that the terpenoids eugenol, 1-8 cineol and
menthol successfully led to the reduction in D. opuntiae
nymphs fixed to healthy cactus pear cladodes. Similarly,
Lopes et al. (2009) reported that orange oil obtained from
citrus juice with sodium tetraborohydrate decahydrate, with
lowest dose at 0.3% caused a mortality rate >90% on
D. opuntiae nymphs and adult females within 48 h after treat-
ment in field conditions. This application showed no side
effects on the ladybugs Cycloneda sanguinea L. and
Scymnus intrusus Casey, but was lethal to larvae of Baccha
sp. at 0.7%.

In a recent study, Lopes et al. (2018) found that leaf and
pod extracts of Libidibia ferrea var. ferrea exhibited greater
insecticidal effect (81%) on second-instar nymphs and 97%
on adult females of D. opuntiae. In the same study, Agave
sisalana leaf showed insecticidal activity only on adult fe-
males with mortality rates ranging within 51-97%.

Conclusion

The findings of the current study showed that double applica-
tions of the black soap solution at 60 g/l or when applied in
combination with C. annuum fruit extract at 200 g/l could be
used as one IPM component for the control of D. opuntiae in
Morocco. Black soap and C. annuum extract represents a vi-
able, effective and ecofriendly alternative to synthetic

pesticides. They are also less expensive, easy to produce and
available to smallholder farmers.
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