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The eﬀectiveness of 1, 5, and 10% w/v of aqueous extracts of Croton dichogamus, Tephrosia vogelii, and Syzygium aromaticum and
their mixture (2.5 and 5%) was evaluated against Myzus persicae on Brassica oleracea under ﬁeld conditions. The synthetic
chemical insecticide, chlorpyrifos, was used as positive control, and water and water plus soap were used as negative controls.
Aqueous extracts signiﬁcantly (P ≤ 0.05) lowered M. persicae population compared with negative controls. The 5% of the aqueous
extract from mixed plants and 10% of each plant used in this study signiﬁcantly (P ≤ 0.01) reduced aphid, M. persicae population
comparable to chlorpyrifos in 2019 and 2020. However, the 1 and 5% concentrations of aqueous extracts of C. dichogamus,
T. vogelii, and S. aromaticum and 2.5% of aqueous extracts from the mixed plants signiﬁcantly lowered the population of
M. persicae compared with negative controls in 2019 and 2020 wet seasons. The weekly observations revealed that, at weeks 1, 2, 3,
4, and 5 after application of treatments, the population of M. persicae diﬀered signiﬁcantly (P ≤ 0.05). Also, the aqueous extracts
from the mixed plants at 5% concentrations signiﬁcantly (P ≤ 0.01) reduced M. persicae population as compared with other
treatments. It was as eﬀective as synthetic chemical pesticide (chlorpyrifos). Also, 1 and 5% of C. dichogamus, T. vogelii, and
S. aromaticum and the 2.5% of aqueous extracts from the mixed plants signiﬁcantly reduced the population of M. persicae for all 6
weeks of study compared with negative controls. Therefore, these pesticidal plants can be recommended to smallholder farmers
for the control of M. persicae in B. oleracea crops.

1. Introduction
Smallholder farmers in African countries grow cabbage,
Brassica oleracea var. capitata L., intensively for subsistence
and income source [1]. B. oleracea is a popular leafy green
vegetable crop grown as an annual plant [2, 3]. Essential
vitamins such as vitamins K and C, nutritional ﬁbres, and
elements, particularly manganese and potassium, are found
in Brassica species [4, 5].
Despite the economical and nutritional values of
B. oleracea, the production is constrained by damage caused
by numerous insect pests [6]. The nutritional contents in
B. oleracea attract numerous phytophagous insects which

feed on and cause severe damages and economic losses [3, 7],
among which aphids are the most common pests [5]. The
population abundance of green peach aphids, Myzus persicae
L. (Hemiptera: Aphididae), is the highest in the tropical
areas and is among the most destructive insect pests of the
cruciferous vegetables on the garden of smallholder farmers’
farms which reduce the quality and the marketability of
cruciferous vegetables [2]. M. persicae is found globally and
may be present in a particular area at any time all over the
year [8]. M. persicae has a pale green colour and winged and
wingless forms [9]. The winged form of M. persicae possesses
a distinct dark patch nearby the tip of the abdomen, while
the wingless form does not have dark patch [10]. The
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cruciferous vegetable crops support the growth and development of M. persicae [11]. They feed on fruits, ﬂowers,
buds, leaves, and stems, with piercing-sucking mouthparts
resulting in huge damage to the crops [12]. The feeding
mechanisms of this nature can destroy the vegetable crop’s
structures, and the crops become stunted, yellowed, and
distorted [10]. The actively growing regions of the crops and
the tender plant tissues are usually damaged by large continuous colonies of green peach aphid populations [10].
According to Valenzuela and Hoﬀmann [13] and de Little
and Umina [14], M. persicae spreads brutally damaging
viruses such as cucumber mosaic, watermelon mosaic,
cauliﬂower mosaic, lettuce mosaic, potyviruses in pepper,
potato leafroll, and turnip mosaic. Those viruses severely
aﬀect the health and the proper process of growing and
developing Brassica species crops. The destruction eﬀects
triggered by M. persicae are indicated by large continuous
colonies of them living and sucking plant sap on the underneath of the leaves [14, 15].
In African countries, the management of M. persicae is
ineﬃcient due to the limited awareness and availability of
synthetic pesticides. Therefore, most smallholder farmers in
African countries favour cultural practices such as row
spacing, crop rotation, sowing date, and weed control to
reduce the infestation of the crop caused by green peach
aphids [6]. However, the cultural practices are less eﬀective
in controlling M. persicae on the garden ﬁeld to protect
B. oleracea. The natural enemies, for instance, ladybird
beetles, Coccinellidae (Coleoptera: Coccinellidae) and
Cotesia plutellae L. (Kurdjumov) (Hymenoptera: Braconidae), that feed on green peach aphids can help reduce the
infestation of B. oleracea by M. persicae. Moreover, the
natural enemies are less eﬃcient in reducing large colonies of
M. persicae in crops. Therefore, to eﬀectively control and
manage M. persicae on B. oleracea crops, the smallholder
farmers in Africa depend heavily on synthetic chemical
insecticide applications [10]. However, heavy dependence on
synthetic insecticides has resulted in the development of
resistance [16]. For instance, M. persicae has exhibited resistance towards a broad range of frequently used synthetic
chemical insecticides such as decamethrin, cypermethrin,
malathion, and lamda-cyhalothrine [17]. This has forced the
African smallholder farmers to increase the rate and concentrations of synthetic chemical insecticides [12]. Moreover, heavy application of synthetic chemical insecticides
endangers the health of human beings and other nontarget
organisms [6]. Thus, pesticidal plants such as Cupscum
frutensces, Annona squamosa, Allium sativa, Tephrosia
vogelii, and Azadirachta indica are promising substitutes due
to the successful eﬀectiveness in the control of pests in cereal
crops [18, 19]. The botanicals have antifeedant, toxicity,
deterrent, and insecticidal eﬀects. They are aﬀordable [20],
their preparations and use are easy [18], and they environmentally friendly [21]. Moreover, botanicals degrade
quickly in the presence of moisture, air, and light from the
sun and decomposed readily by detoxifying enzymes, and
many botanicals possess low dangers to nontarget organisms
[18, 22]. In this study, C. dichogamus, T. vogelii, and
S. aromaticum were selected based on traditional knowledge
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whereby many African smallholder farmers apply T. vogelii
as an insecticide to control ticks, lice, and ﬂies on animals.
Additionally, the concoction from T. vogelii leaves is used as
traditional medicine for skin disease treatments [23, 24].
Also, S. aromaticum contains eugenol, a spicy chemical
compound [25, 26] which has been reported to be used as an
insect repellent and antifeedant [27]. Similarly, the indigenous people in most African countries use concoctions from
Croton species leaves and stem barks as traditional medications for relieving various illnesses in human beings such
as stultiﬁcation, tumour, and stomachache [28]. Consequently, the present study was performed to assess the effectiveness of aqueous extracts from C. dichogamus,
T. vogelii, and S. aromaticum against Myzus persicae on the
Brassica oleracea crop.

2. Materials and Methods
2.1. Study Sites. This study used the methods of Mpumi et al.
[6] with little modiﬁcations. Field experiment was performed between March and August in 2019 and 2020 wet
seasons in the northern part of Tanzania to study the effectiveness of aqueous extracts obtained from
S. aromaticum, T. vogelii, and C. dichogamus against
M. persicae on B. oleracea. The experimental sites were
situated in two regions in Tanzania, Arusha and Kilimanjaro
regions. The study was established in the Tengeru site located
at latitude 3°23′4.5″S and longitude 36°48′26.7″E at an elevation of 1262 m above sea level in the Arusha region [6].
The temperature and rainfall precipitation ranged from
0 mm to 287 mm and 25.9 to 34.5°C, respectively, in the same
year at the Tengeru experimental site [6], and humidity
ranged from 78 to 80%. In the Kilimanjaro region, the study
was established in the Boro experimental site situated at
latitude 3°17′31.5″S and longitude 37°17′49.1″E and an elevation of 1078 m above sea level. At the Boro experimental
site, the rainfall precipitation ranged from 5 mm to about
883 mm, and the temperature ranged from 22 to 30.2°C
during the study period, March to August 2019 wet season
[6]. In the 2020 wet season, the meteorological data of
rainfall and temperature were observed from the experimental locations.
2.2. Collection, Drying, and Grinding of Plant Materials.
Leaves of C. dichogamus and T. vogelii were collected from
various parts in Manyara, Arusha, and Kilimanjaro regions in
Tanzania. However, the ﬂower buds of S. aromaticum were
collected in the Tanga Region, Tanzania. Then, the leaves of
T. vogelii and C. dichogamus were thoroughly washed using tap
water and dried in the shade at room temperature for one week.
Then, the ﬂower buds and the dried leaves collected in this
study were ground by using a grinding mill into a powder form.
The obtained powder was dissolved into water mixed with 0.1%
soap to obtain the aqueous extracts intended for experimentation. Liquid soap aids the extraction of compounds present in
the pesticidal plant materials which are not water soluble.
Secondly, it assists in spreading the extracts on top of the leaves
of plants more eﬃciently during the spraying of the treatments.
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2.3. Land Preparation and Transplanting. Clearance and
preparation of the land were carried out before the transplanting of seedlings. The land was ploughed and harrowed
before seedling transplanting at both experimental sites
using a plough and a hand hoe in both seasons. The seeds of
B. oleracea were sown near the study plots in March 2019
and 2020 wet seasons. After a month and one week, the
seedlings were removed and transplanted into the study
plots established from the middle of April to August (2019
and 2020) wet seasons at both experimental study sites. The
spacing of B. oleracea seedling crops was 50 cm between the
rows and 45 cm within the rows in the study plots. The plot
size was 2.0 m × 2.5 m at both experimental sites. The distance from one plot to another plot was 0.5 m. Each
treatment plot contained 12 B. oleracea crops. Watering was
carried out two times a day in the morning and the evening
for one week after transplanting and then once a day
throughout the growing of the crop.
2.4. Experimental Design and Treatment Preparations.
The experiment consisted of 14 treatments, was replicated
four times, and was designed in a Randomized Complete
Block Design (RCBD). The experiment involved the aqueous
extracts from C. dichogamu, T. vogelii, and S. aromaticum;
water alone and water plus soap were negative controls, and
chlorpyrifos was a positive control. The aqueous extracts at
1%, 5%, and 10% w/v concentrations were prepared from
each plant to treat B. oleracea crop against M. persicae in the
garden ﬁeld. Therefore, 10%, 5%, and 1% of aqueous extracts
from pesticidal plants were prepared by dissolving 100 g,
50 g, and 10 g of powder into one litre of water containing
0.1% soap, respectively. The soap was purchased from the
shop in Arusha city manufactured by Sterling Dexi company, Tanzania, and it was a liquid soap known as orange
fresh. The mixture was soaked and allowed to stay for 24
hours at room temperature [12]. Then, after 24 hours, the
mixture was ﬁltered using a clean piece of cotton cloth to get
the aqueous extracts.
Aqueous extracts with a combination of pesticidal plants
were prepared by mixing 25 g and 50 g of each plant
(T. vogelii, C. dichogamus, and S. aromaticum) in equal ratio
and dissolved in one litre of water (w/v) separately to make
2.5% and 5% concentrations, respectively, and was replicated
four times making 8 treatment plots. Therefore, the onstation ﬁeld contained 56 treatment plots at both experimental sites in 2019 and 2020 wet seasons. Mixing of the
pesticidal plants was performed to evaluate the synergistic
insecticidal action of extracts from S. aromaticum,
C. dichogamus, and T. vogelii against M. persicae pests on
B. oleracea crop ﬁeld.
2.5. Treatment Applications. The pesticidal plant extracts
and controls were applied to the B. oleracea crops in the ﬁeld
garden at the interval of 7 days during the growing of the
crops. The concentration of chlorpyrifos was prepared and
sprayed based on the recommendations of manufacturers.
The treatments were applied on the topmost and underneath
of the leaves of B. oleracea crop by using a 2 L sprayer in the
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evening hours throughout the growing season [6]. The
spraying was performed during the evening hours to avoid
direct sunlight, which may cause the breakdown of bioactive
compounds of the botanicals. About 250 ml of the aqueous
extract at both experimental sites was sprayed on a plot [29].
Before reﬁlling the sprayer with another treatment for application, it was cleaned thoroughly with water and soap.
2.6. M. persicae Population Assessment. Assessment of insects was performed a day before the spray of the treatments.
Five inner B. oleracea crops were randomly selected inside
the plots to assess M. persicae weekly. The number of
M. persicae was obtained by scoring its population using a
modiﬁed method [30] as 0 � absent, 1 � a few scattered individuals, 2 � a few isolated small colonies, 3 � several isolated small colonies, 4 � large isolated colonies, and 5 � large
continuous colonies. The natural enemies such as parasitoid
wasp (Cotesia plutellae) and ladybird beetle (Cocinella
septempunctata) were just counted.
2.7. Analysis of Data. Statistica 8.0 software package version
7 program was used for statistical analysis of the collected
data. Two-way ANOVA statistical analysis was conducted
on split plot sites and treatments. Three-way ANOVA statistical analysis was performed on split plot sites, seasons,
and treatments. The comparison of the treatment means at
the P � 0.05 level of signiﬁcance with Fisher’s Least Signiﬁcance Diﬀerence (LSD) was applied.

3. Results and Discussion
3.1. Results
3.1.1. Temperature and Rain Precipitation of the Study Sites in
2020. Figures 1(a) and 1(b) show the temperature and
rainfall precipitations of the two experimental study sites in
the 2020 wet season. The maximum temperature at the
Tengeru experimental site in the 2020 wet season was higher
relative to that of the Boro experimental site throughout the
study period (Figures 1(a) and 1(b)). It was observed that the
maximum temperature of the Tengeru experimental site in
the 2020 wet season was higher relative to those of the Boro
experimental site throughout the study period (Figures 1(a)
and 1(b)). However, the minimum temperatures varied
relatively between the two experimental sites. Therefore, the
Tengeru experimental site was warmer than the Boro experimental site throughout the study period in the 2020 wet
season. Speciﬁcally, the rainfall precipitations were higher in
March, July, August, and September at the Tengeru experimental site than at the Boro experimental site in the 2020
wet season. In February, April, and June, the rainfall precipitations were relatively the same in both experimental
sites in the 2020 wet season. The mean maximum and
minimum temperatures of the Boro experimental site were
24.3 and 15.7°C, respectively, while at the Tengeru experimental site, the mean maximum and minimum temperatures were 28.0 and 17.1°C, respectively. The mean rainfall
precipitations at Tengeru and Boro experimental sites were
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Figure 1: Temperatures (a) and rainfall precipitations (b) at Boro and Tengeru experimental sites during the ﬁeld experiments in the 2020
wet season.

253.7 and 209.4 mm, respectively. Those weather conditions
could have been aﬀected eﬀectively by either lowering or
increasing the population of M. persicae on B. oleracea at the
experimental sites.
3.1.2. The Eﬀects of Treatments on the Abundance of
M. persicae. M. persicae was observed infesting the B.
oleracea two weeks after transplanting, and the mean
population increased progressively with time (Table 1).
Table 2 describes the abundance of M. persicae per plant
following application of the treatments at the two experimental sites in 2019 and 2020 wet seasons. Population
abundance was signiﬁcantly (P ≤ 0.05) the same in the two
experimental sites (Table 2) in both 2019 and 2020 wet
seasons. Moreover, the study revealed that the aqueous
extracts of plants and synthetic chemical pesticide (chlorpyrifos) diﬀered signiﬁcantly (P ≤ 0.05) relative to negative
controls in reduction of M. persicae populations in both
seasons (Table 2). The 5% concentration of the aqueous
extract from the mixed plants and the 10% of the aqueous
extracts from each plant possessed a signiﬁcantly (P ≤ 0.01)

lower population of M. persicae as the synthetic chemical
pesticide (chlorpyrifos) in 2019 and 2020 wet seasons at both
experimental sites (Table 2). However, 1 and 5% of the
aqueous extracts of C. dichogamus, T. vogelii, and
S. aromaticum from each plant and 2.5% concentration of
the aqueous extracts from the mixed plants signiﬁcantly
lowered the population of M. persicae compared with
negative controls for both 2019 and 2020 wet seasons
(Table 2).
Table 1 describes the weekly observations of the population of M. persicae at the two experimental sites in both
wet seasons of 2019 and 2020. The mean population of
M. persicae was signiﬁcantly (P ≤ 0.01) higher in 2020 wet
season than in 2019 season. However, in week 1 after application of the treatments, the population was signiﬁcantly
(P ≤ 0.01) higher (0.66) in the 2019 wet season compared
with the 2020 wet season (0.52). In week 2 after application
of the treatments, the mean population of M. persicae was
signiﬁcantly the same. Similarly, the mean population of
M. persicae was signiﬁcantly (P ≤ 0.01) higher (1.15 and 0.74)
at the Tengeru experimental site than at the Boro experimental site (0.76 and 0.59) in week 1 before treatment and
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Table 1: Mean population of M. persicae per crop in response to treatments applied weekly.
Site and treatments
Seasons
Wet season 1 (2019)
Wet season 2 (2020)
Site
Tengeru
Boro
Treatments
W
W+s
S. p
C. d (1%)
C. d (5%)
C. d (10%)
S. a (1%)
S. a (5%)
S. a (10%)
T. v (1%)
T. v (5%)
T. v (10%)
M. p. (2.5%)
M. p. (5%)
3-way ANOVA
Season (S)
Site (L)
Treatments (T)
S∗ L
S∗ T
L∗ T
S∗ L∗ T

Week 1 before
Treatment

1

2

Weeks after treatment
3

4

5

0.87 ± 0.05b
1.05 ± 0.05a

0.66 ± 0.06a
0.52 ± 0.04b

0.55 ± 0.06a
0.54 ± 0.05a

0.49 ± 0.06b
0.67 ± 0.07a

0.51 ± 0.08b
0.76 ± 0.07a

0.57 ± 0.09b
0.76 ± 0.08a

1.15 ± 0.05a
0.76 ± 0.04b

0.62 ± 0.05a
0.55 ± 0.05a

0.55 ± 0.06a
0.54 ± 0.05a

0.58 ± 0.07a
0.57 ± 0.07a

0.68 ± 0.08a
0.59 ± 0.07a

0.74 ± 0.09a
0.59 ± 0.08b

1.165 ± 0.09a
0.89 ± 0.11a
1.08 ± 0.15a
1.13 ± 0.15a
0.83 ± 0.13a
0.96 ± 0.13a
0.98 ± 0.10a
0.81 ± 0.11a
0.94 ± 0.12a
0.88 ± 0.15a
0.93 ± 0.16a
1.04 ± 0.16a
0.88 ± 0.12a
0.96 ± 0.10a
(F-statistics)
8.40 ∗∗
36.90∗∗∗
0.77 ns
0.07 ns
0.31 ns
0.66 ns
0.86 ns

1.71 ± 0.17a
1.54 ± 0.15a
0.14 ± 0.04f
0.71 ± 0.08b
0.45 ± 0.04cd
0.46 ± 0.04cd
0.60 ± 0.08bc
0.45 ± 0.06cd
0.36 ± 0.04def
0.50 ± 0.07bcd
0.41 ± 0.07cde
0.29 ± 0.04def
0.38 ± 0.08cde
0.20 ± 0.04ef

1.86 ± 0.19a
1.42 ± 0.14ab
0.18 ± 0.09fgh
0.64 ± 0.12cd
0.47 ± 0.05cde
0.40 ± 0.08cdef
0.56 ± 0.07cd
0.45 ± 0.06cde
0.31 ± 0.06efgh
0.58 ± 0.06cd
0.35 ± 0.05defg
0.15 ± 0.02fg
0.20 ± 0.03fgh
0.10 ± 0.03h

2.15 ± 0.16a
1.93 ± 0.23a
0.18 ± 0.07ef
0.54 ± 0.07bcd
0.39 ± 0.06cde
0.20 ± 0.05ef
0.61 ± 0.07b
0.39 ± 0.06bcde
0.28 ± 0.05def
0.55 ± 0.09bc
0.33 ± 0.07cdef
0.16 ± 0.03ef
0.30 ± 0.07cdef
0.12 ± 0.03f

2.44 ± 0.21a
2.21 ± 0.16a
0.21 ± 0.07cde
0.60 ± 0.07b
0.39 ± 0.05bcde
0.38 ± 0.07bcde
0.63 ± 0.12b
0.46 ± 0.10bcd
0.20 ± 0.05de
0.49 ± 0.09bc
0.29 ± 0.06bcde
0.16 ± 0.04f
0.26 ± 0.07cde
0.14 ± 0.04f

2.67 ± 0.18a
2.76 ± 0.14a
0.18 ± 0.05ef
0.54 ± 0.06bc
0.36 ± 0.05cde
0.35 ± 0.05cdef
0.66 ± 0.09b
0.31 ± 0.05cdef
0.24 ± 0.04ef
0.48 ± 0.10bcd
0.24 ± 0.05ef
0.17 ± 0.04ef
0.25 ± 0.07def
0.13 ± 0.04f

10.86∗∗
3.15 ns
34.63∗∗∗
4.83∗∗∗
2.46∗∗
0.34 ns
0.90 ns

0.03 ns
0.00 ns
37.92∗∗∗
14.93∗∗∗
1.32 ns
0.74 ns
2.67∗∗

15.59∗∗∗
0.06 ns
54.88∗∗∗
4.77∗
1.61 ns
0.89 ns
2.37 ns

26.84∗∗∗
3.33 ns
64.37∗∗∗
9.39∗∗
1.42 ns
0.74 ns
0.79 ns

24.98∗∗∗
15.91∗∗∗
146.59∗∗∗
7.82∗∗
1.98 ns
1.01 ns
1.76 ns

Each value is a mean ± standard error of sixteen replicates, ∗ , ∗∗ , and ∗∗∗ : signiﬁcant at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively, and ns means not
signiﬁcant. Means within the same column followed by the same letter (s) are not signiﬁcantly diﬀerent at P � 0.05 from each other using Fisher’s Least
signiﬁcant Diﬀerence (LSD) test.

Table 2: Mean population of M. persicae per crop in response to treatments applied.
Site and treatments
Site
Tengeru
Boro
Treatments
Water
Water + soap
Synthetic pesticide
C. dichogamus (1%)
C. dichogamus (5%)
C. dichogamus (10%)
S. aromaticum (1%)
S. aromaticum (5%)
S. aromaticum (10%)
T. vogelii (1%)
T. vogelii (5%)
T. vogelii (10%)
Mixed plants (2.5%)
Mixed plants (5%)
2-way ANOVA

Seasons
2019 wet season

2020 wet season

0.59 ± 0.11a
0.51 ± 0.08a

0.67 ± 0.08a
0.63 ± 0.09a

2.27 ± 0.25a
1.90 ± 0.24ab
0.21 ± 0.10de
0.64 ± 0.08bc
0.35 ± 0.03de
0.39 ± 0.08cde
0.44 ± 0.04cd
0.32 ± 0.05de
0.23 ± 0.03de
0.32 ± 0.02de
0.21 ± 0.04de
0.15 ± 0.02de
0.20 ± 0.05de
0.12 ± 0.03e
(F-statistics)

2.07 ± 0.12a
2.05 ± 0.09a
0.11 ± 0.03g
0.57 ± 0.05bc
0.48 ± 0.03cd
0.33 ± 0.03efg
0.79 ± 0.09b
0.51 ± 0.04cd
0.33 ± 0.04efg
0.72 ± 0.05b
0.44 ± 0.04de
0.23 ± 0.02fg
0.36 ± 0.06def
0.16 ± 0.04g
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Table 2: Continued.

Site and treatments
Site
Treatments
Location ∗ treatments

Seasons
2019 wet season
2.51 ns∗∗∗
42.19
1.18 ns

2020 wet season
2.47 ns∗∗∗
132.71
2.18 ns

Each value is a mean ± standard error of eight replicates, ∗ , ∗∗ , and ∗∗∗ : signiﬁcant at P ≤ 0.05, P ≤ 0.01, and P ≤ 0.001, respectively, and ns means not
signiﬁcant. Means within the same column followed by the same letter (s) are insigniﬁcantly at P � 0.05 from each other using Fisher’s Least signiﬁcant
Diﬀerence (LSD) test.

week 5 after treatment applications in both wet seasons,
respectively (Table 1). However, on weeks 1, 2, 3, and 4 after
treatment application, the population of M. persicae was
statistically the same at the two experimental sites in both
wet seasons (Table 1). The present study revealed that the
aqueous extracts applied were eﬀective against M. persicae in
both seasons. On week 1 before application of the treatments, the mean population of M. persicae on diﬀerent plots
was random and was insigniﬁcant (P > 0.05) among the plots
in the ﬁeld. However, at the 1st, 2nd, 3rd, 4th, and 5th week of
application of the treatments, the population of M. persicae
diﬀered signiﬁcantly (≤0.05) from one treatment plot to
another (Table 1). Moreover, the study revealed that the 5%
concentration of the aqueous extracts from the mixed plants
possessed a signiﬁcantly (P ≤ 0.01) lower population of
M. persicae (0.20, 0.10, 0.12, 0.14, and 0.13) compared to
other treatments on weeks 1, 2, 3, 4, and 5 of the treatments.
It was signiﬁcantly as eﬀective as the synthetic pesticide
(chlorpyrifos) (0.14, 0.18, 0.18, 0.21, and 0.18) on weeks 1, 2,
3, 4, and 5 of the treatments, respectively. The 1% and 5% of
the aqueous extracts of C. dichogamus, T. vogelii, and
S. aromaticum and 2.5% concentration of the aqueous extracts from the mixed plants signiﬁcantly lowered the
population of M. persicae relative to water alone and water
plus soap for both seasons (Table 1).
The interactions among of the experimental sites’
weather conditions, treatments, and seasons signiﬁcantly
(P ≤ 0.05) aﬀected the population of M. persicae relative to
negative controls (water and water plus soap) in the plots
(Table 1; Figures 1 and 2). It was observed that the population abundance of M. persicae decreased signiﬁcantly in
the treated plots relative to the negative controls (water and
water plus soap) in both seasons.
At the Tengeru experimental site, the mean population of
M. persicae was relatively higher on week 1 and 2 in the 2019
wet season compared to the 2020 wet season (Figure 1). But,
from weeks 3, 4, and 5, the population of M. persicae was
relatively lower in the 2019 wet season at the Tengeru experimental site relative to the 2020 wet season (Figure 1).
However, at the Boro experimental site, the population of
M. persicae was signiﬁcantly higher in the 2020 wet season
compared with the 2019 wet season in weeks 2, 3, 4, and 5
except in week 1, whereby the population of M. persicae was
signiﬁcantly higher in the 2019 wet season relative to the
2020 wet season.
Similarly, the interactions among of the experimental
sites’ weather conditions, treatments, and seasons signiﬁcantly (P ≤ 0.05) aﬀected the population of M. persicae

relative to negative controls (water alone and water plus
soap) in the plots in week 2 after the experimental treatments
(Table 1; Figure 3).
3.1.3. The Abundance and Response of Cocinella septempunctata to the Treatments. Among the natural enemies of
M. persicae observed during the study period from the
March 2019 and 2020 wet season to August 2019 and 2020,
Cocinella septempunctata was present in higher numbers
compared to other natural enemies such as Cotesia plutellae.
The population dynamic of C. septempunctata following
application of treatments is presented in Figure 4. The
aqueous plant extracts had higher number of
C. septempunctata compared with the synthetic pesticide at
both experimental sites in both seasons. The population of
C. septempunctata was higher at the Tengeru experimental
site than the Boro site in 2019 (Figure 4(a)), while it was the
opposite in the 2020 season (Figure 4(a)). In both 2019 and
2020 wet seasons, the aqueous plant extracts had higher
number of C. septempunctata compared to the synthetic
chemical pesticide (Figure 4(b)).

4. Discussion
M. persicae started to infest the crop in the ﬁeld from the 2nd
week after transplanting of seedlings at experimental sites in
both seasons. The population of M. persicae diﬀered significantly between the seasons, with the highest population in the
2020 season. This diﬀerence could be attributed by the variations of weather conditions at both experimental sites.
Extreme weather conditions such as heavy rainfall, temperatures, and high humidity have been reported to inﬂuence
population abundance of the insects in their ecosystems [5].
From this study, the mean maximum and minimum temperatures of the Boro experimental site in the 2019 wet season
were 25.2 and 16.1°C, respectively, while those of the Tengeru
experimental site were 29.5 and 16.9°C, respectively [6]. The
mean rainfall precipitations of Boro and Tengeru experimental sites were 148.05 and 70.81 mm, respectively [6].
Similarly, in the 2020 wet season, the mean maximum and
minimum temperatures of the Boro experimental site were
24.3 and 15.7°C, respectively, while at the Tengeru experimental site, the mean maximum and minimum temperatures
were 28.0 and 17.1°C, respectively. The mean rainfall precipitations at Tengeru and Boro experimental sites were
253.70 and 209.40 mm, respectively. It was clear that higher
rainfall precipitation was observed during the study period in

Psyche: A Journal of Entomology

7
Week 2

Week 3
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

0.80
0.70

Population of M. persicae

Population of M. persicae

Population of M. persicae

Week 1
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

0.60
0.50
0.40
0.30
0.20
0.10
0.00

Tengeru
Boro
Experimental sites

Tengeru
Boro
Experimental sites

Wet season 2019
Wet season 2020

Wet season 2019
Wet season 2020

(a)

Wet season 2019
Wet season 2020

(b)

(c)

Week 5

Week 4
1.20
Population of M. persicae

1.20
Population of M. persicae

Tengeru
Boro
Experimental sites

1.00
0.80
0.60
0.40
0.20
0.00

Tengeru
Boro
Experimental sites

1.00
0.80
0.60
0.40
0.20
0.00

Tengeru
Boro
Experimental sites
Wet season 2019
Wet season 2020

Wet season 2019
Wet season 2020
(d)

(e)

Figure 2: The interactions of weather conditions of the experimental sites and the seasons on the population abundance of M. persicae for
2019 and 2020 wet seasons.
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Figure 4: (a) Population of C. septempunctata per crop in the two wet seasons. (b) Population of C. septempunctata in response to
treatments. Note. W- water, w + s- water plus soap, S. p- synthetic pesticide, C. d- Croton dichogamus, S. a- Syzygium aromaticum, and T. vTephrosia vogelii.

the 2020 wet season compared with the 2019 wet season in
both experimental sites. These variations in rainfall and
temperatures could have aﬀected signiﬁcantly (P ≤ 0.05) the
population abundance of M. persicae in the two seasons. As
results, the population abundance of M. persicae was signiﬁcantly (P ≤ 0.05) higher in the 2020 wet season than in the
2019 wet season. The results concur with the work of Patra
et al. [5], which reported that M. persicae is aﬀected either
positively or negatively with rain precipitations. Similarly, the
treatments applied to protect the crops from pests can work
best in average rainfall.
The eﬃcacy of the treatments of the aqueous extracts of
C. dichogamus, T. vogelii, and S. aromaticum at higher
concentrations (5% concentration of aqueous extracts from
mixed plants and 10% concentration from individual plants)
was found to be signiﬁcantly as eﬀective as the chlorpyrifos
used in this study as a positive control in managing
M. persicae on the B. oleracea plants. Poor control of M.
persicae was observed in the negative controls (water and
water plus soap) plots, and the population of M. persicae
continued to increase over time. It was found that the 5%
concentrations of the aqueous extracts from the mixed plants
were as eﬀective as the synthetic pesticide (chlorpyrifos) in
reducing M. persicae population on the B. oleracea crop. The
eﬀectiveness of the synthetic pesticide is contributed by the
presence of active ingredients which persist in the environment for a long time. In addition, the diﬀerences in the effectiveness of aqueous extracts from C. dichogamus, T. vogelii,
and S. aromaticum used for controlling M. persicae in the ﬁeld
could be due to diﬀerences in the chemicals present in each
plant, physical properties, and the potency of active chemical
compounds in the several treatments employed during the
control of M. persicae on the ﬁeld.
It was found that the 5% concentrations of the aqueous
extracts from the mixed plants were as eﬀective as the
synthetic chemical pesticide (chlorpyrifos) in reducing the

population of M. persicae on the B. oleracea ﬁeld. The
eﬀectiveness of the synthetic pesticide is contributed by the
presence of the active ingredients in it, which persist for a
long time in the environment. In addition, the diﬀerences
in the eﬃcacy of aqueous extracts from C. dichogamus,
T. vogelii, and S. aromaticum used for controlling
M. persicae in the ﬁeld could be due to diﬀerences in the
chemicals present in each plant, physical properties, and
the potency of active chemical compounds in the several
treatments employed during the control of M. persicae on
the ﬁeld.
Moreover, it was observed that, among the aqueous
extracts used, the 5% concentration of the aqueous extract
of the mixed plants was signiﬁcantly eﬀective for controlling M. persicae in the ﬁeld. The eﬃcacy of the 5%
concentration of the aqueous extract from the mixed plants
might be attributed by the synergistic eﬀects of the active
chemical compounds present in the extracts of the pesticidal plants. The synergistic eﬀects of the aqueous extracts
are in agreement with the work of Tak and Isman [31],
which reported that the mixture of chemicals in pesticidal
plants has synergistic eﬀects. The synergistic eﬀect occurs
when the mixture of two or more chemical compounds
interacts and produces combined eﬀects on the biological
system which is greater than the algebraic sum of the eﬀects
of those chemical compounds when acting individually.
Usually, plants produce secondary metabolites for defence
either as distress signal to lure predators or to directly deter
or repel herbivores [31]. For instance, Tak et al. [32]
revealed that the binary mixture of 1,8-cineole and camphor extracted from Rosmarinus oﬃcinali exhibited enhanced insecticidal activity with a synergy ratio of 1.72
against the Trichoplusia ni larvae.
Similarly, the 10% concentration of T. vogelii,
C. dichogamus, and S. aromaticum extracts was more effective in the reduction of M. persicae compared to 1 and 5%.
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The eﬃcacy of the aqueous extracts from the pesticidal plants
is in agreement to other researchers [29, 33–39]. For instance, Grzywacz et al. [36] and Kamanula et al. [38] found
that the eﬀectiveness of the pesticidal plant extracts could be
attributed by the presence of bioactive chemical compounds
in those plants. T. vogelii, which was found eﬀective in
reducing M. persicae population in the present study, has
been reported previously to manage ticks, lice, and ﬂies on
livestock and crops in the ﬁelds [24, 40], Plutella xylostella
and Trichoplusia ni [6]. Belmain et al. [41] discovered the
presence of rotenone in T. vogelii, which should be accountable for the insecticidal eﬃcacy against M. persicae on
the B. oleracea ﬁeld.
Moreover, the present study found that the aqueous
extracts from S. aromaticum signiﬁcantly (P ≤ 0.05) lowered
the population of M. persicae relative to negative controls
(water and water plus soap). These results concur with the
work of Araujo et al. [25] and Tian et al. [42]. According to
Araujo et al. [25], S. aromaticum contains eugenol which
could be responsible for the reduction of M. persicae on the
B. oleracea crop. This study also found that aqueous extracts
from Croton dichogamus signiﬁcantly (P ≤ 0.05) lowered M.
persicae population relative to negative controls. These results concur with those of Aldhaher et al. [28] and Silva et al.
[43] who observed the presence of phenolics, terpenoids,
and alkaloids in all parts of the plants, which might be
accountable for the repellent, toxicity, and deterrent eﬀects
against M. persicae.
The population of the natural enemy, C. septempunctata,
was less aﬀected by aqueous extracts from C. dichogamus,
T. vogelii, and S. aromaticum pesticidal plants (Figure 4(b))
but was severely aﬀected by the synthetic pesticide
(Figure 4(b)). These results concur with the study conducted
by Amoabeng et al. [18] and Mkindi et al. [44], which reported that botanicals from pesticidal plants have little effects on nontarget organisms. The weather condition might
have eﬀects on the population of C. septempunctata
(Figure 4(a)) because the population of C. septempunctata
diﬀered between the two wet seasons and the two experimental sites. Patra et al. [5] reported that high rainfall had a
negative inﬂuence on the population of C. septempunctata in
its ecosystem.

5. Conclusions
The pesticidal plant aqueous extracts used in the present
study reduced the mean population of M. persicae of
B. oleracea crop. Therefore, these aqueous extracts from
S. aromaticum, T. vogelii, and C. dichogamus at 5% w/v
concentrations of the mixed plant extracts and 10% w/v
aqueous extract from each plant can be used by smallholder
farmers to control M. persicae and reduce their infestations
in B. oleracea crop.
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