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Abstract
Broccoli (Brassica oleracea var. italica) is an important vegetable due to its nutritional 
value and for Ecuador it constitutes an export crop. Its cycle can be affected by pests 
such as the cabbage aphid, Brevicoryne brassicae (L.) (Hemiptera: Aphididae) that, 
by extracting the photoassimilates, can damage the flower head causing loss of its 
commercial value. These pests are treated with organo-synthetic insecticides but their 
application can generate ecological imbalances, and insect resistance to pesticides. 
This research aimed to evaluate the effect of insecticides on B. brassicae populations 
and crop yield. In Guaytacama, Cotopaxi, a plot (1,600 m2) was planted, divided into 
four complete blocks at random, including 13 treatments: azadirachtin (doses: 1,000; 
1,500 and 2,000 mL·ha-1), Sophora extract (doses: 600, 800 and 1,000 mL·ha-1), 
la,mbdacyalothrin (doses: 200, 250 and 300 mL·ha-1),  azadirachtin  +  capsaicin + 
allicin (doses; 2,000; 2,500 and 3,000 mL·ha-1) and untreated check. The number of 
aphids, control effectiveness and yield (t·ha-1) were evaluated. The results showed 
smaller aphid populations (3.5-4.4 individual), higher efficiency (94.5-98.7%) and 
higher yield (18.5-19.7 t·ha-1) in lambdacyhalothrin (dose: 300 mL), in azadirachtin 
+ capsaicin + allicin (dose: 3,000 mL) and in Sophora extract (dose: 1,000 mL). The 
effectiveness controlling B. brassicae and high yields detected in botanical insecticides 
make their use promising for the sustainable management of pests in this important 
export crop of Ecuador.
Keywords:  aphids; botanical insecticides; organo-synthetics; efficacy; productivity.

Resumen
El brócoli (Brassica oleracea var. italica) es una hortaliza importante debido a su valor 
nutricional y para Ecuador constituye un cultivo de exportación. Su ciclo puede verse 
afectado por plagas como el áfido de la col, Brevicoryne brassicae (L.) (Hemiptera: 
Aphididae) que al extraer los fotoasimilados, puede dañar la cabeza floral haciendo que 
pierda su valor comercial. Estas plagas son tratadas con insecticidas órgano-sintéticos 
pero su aplicación puede generar desequilibrios ecológicos y resistencia de insectos 
a plaguicidas. Esta investigación tuvo como objetivo evaluar el efecto de insecticidas 
sobre poblaciones de B. brassicae y sobre el rendimiento del cultivo. En Guaytacama, 
Cotopaxi se sembró un lote (1.600 m2), dividido en cuatro bloques completos al 
azar, incluyendo 13 tratamientos: azadiractina (dosis: 1.000, 1.500 y 2.000 mL·ha-1), 
extracto de Sophora (dosis: 600, 800 y 1.000 mL·ha-1), lambdacialotrina (dosis: 200, 
250 y 300 mL·ha-1), azadiractina + capsaicina + alicina (dosis; 2.000, 2.500 y 3.000 
mL·ha-1) y un testigo no tratado. Se evaluó el número de áfidos, la eficacia de control y 
el rendimiento (t·ha-1). Los resultados mostraron menores poblaciones de áfidos (3,5-
4,4 individuos), superior eficacia (94,5-98,7%) y mayor rendimiento (18,5-19,7 t·ha-1) 
en lambdacialotrina (dosis: 300 mL), en azadiractina + capsaicina + alicina (dosis: 
3000 mL) y en extracto de Sophora (dosis: 1,000 mL). La efectividad en el control 
de B. brassicae y los altos rendimientos detectados en los insecticidas botánicos hace 
su uso promisorio para el manejo sostenible de plagas en este importante cultivo de 
exportación de Ecuador.

Palabras clave: áfidos; insecticidas botánicos; organo-sintéticos; eficacia, 
productividad.
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Introduction

The Brassica oleracea L. (Brassicaceae) is a diploid plant of great 
agricultural importance, which includes common crops such as 
broccoli, cauliflower, brussel sprouts and others (Golicz et al., 
2016). The part of the broccoli (B. oleracea var. italica Plenck) 
that is consumed is the flower head, while the stalks and leaves 
are discarded (Li et al., 2022; Gomez y Sánchez, 2023). Nagraj 
et al. (2020) mentioned that the broccoli contains vitamins, 
antioxidants, and anticarcinogenic compounds, hence it is 
regarded as a highly nutritional vegetable. Bioactive compounds 
such as polyphenols, carotenoids polyphenols, flavonoids, 
carotenoids, sulforaphane and glucosinolates, are also present in 
broccoli  (Nagraj et al., 2020; Li et al., 2022).

For these reasons, broccoli is a crop in high demand. Along 
with cauliflower (B. oleracea var. botrytis L.), they occupy 
approximately 1,378,085 ha of farmed land worldwide, from 
which 25,843,741.37 t of produce have been obtained (Food and 
Agriculture Organization of the United Nations (FAO), 2024). In 
Ecuador, in 2022, 8,725 ha were cultivated, yielding 135,259 t of 
broccoli (Ministerio de Agricultura y Ganadería (MAG), 2024). 
The province of Cotopaxi is the main producer of this crop, 
wherein 7,697 ha yield 125,146 t of produce, which represents 
92.52% of national production (MAG, 2024). Eighty percent 
of production is exported, and the remaining 20% is reserved 
for local consumption (Pazmiño et al., 2015). Broccoli exports 
have provided the country with 171 millions of income, with the 
main destinations being Japan (43%), United States (32%) and 
Germany (9%) (MAG, 2023). 

The productivity of this crops is limited by various biotic factors, 
such as anthropod pests (Panwar et al., 2023). Among the pest 
species, there are caterpillas and moths (Lepidoptera), mites 
(Acari) and aphids (Hemiptera) (Karso et al., 2022). This order, 
the cabbage aphid, Brevicoryne brassicae (L.) and the green 
peach aphid, Myzus persicae (Sulzer) (Hemiptera:Aphididae) 
cause damage by extracting the photoassimlates of Brassicaceae 
(Costello and Altieri, 1995; Karso et al., 2022; Panwar et al., 
2023). While B. brassicae prefers to attack plants belonging to 
the Brassica genus, the M. persicae has broader range, eating 
around 400 plant species (Panwar et al., 2023). 

Although both plants can form colonies on various organs (stems, 
leaves, flower head) of the plant, B. brassicae prefers to eat 
young tissue, which makes it a very dangerous phytophagus for 
broccoli, because the flower heads lose their commercial value 
when the flower pods are damaged (Costello and Altieri, 1995; 
Ambrosino et al., 2007). In Ecuador,  the  B. brassicae is the 
main representative of the Brassica genus (Cerda et al., 2019).

Because the damage caused by Brassica pests is very influential, 
chemical pesticides such as pyrethroids, neonicotinoids, 
avermectins are used to effectively combat the pests (Mahmood 
Ahmed et al., 2018; Mpumi et al., 2020; Falcon-Alvarado et al., 
2023).  Pyrethroid lambdacyhalothrin is specifically for aphid 
control and other Brassica pests, due to its broad  spectrum of 
action (Gill et al., 2013; Mpumi et al., 2020; Panwar et al., 2023). 
However, its use causes collateral damage such as a reduction 
in biodiversity of ecosystems, environmental pollution, and 
resistance to the pesticide in insects (Mpumi et al., 2020; Falcon-
Alvarado et al., 2023; Panwar et al., 2023). Broccoli is important 
for Ecuador for both the national and international markets (MAG, 
2023). For this reason, it is necessary to implent methods for pest 
control that could produce flower heads using as little organic-
synthetic pesticides as possible (Murillo y Giraldo, 2023). The 
use of pesticides based on azadirachtin, Capsicum alkaloids, and 
Sophora (Fabaceae) among others of botanical origin could be 
promising for the management of aphids in brassicas such as 
broccoli. (Mpumi et al., 2020; Panwar et al., 2023). Ngosong et 
al. (2021) mentioned that the neem tree Azadirachta indica A.  
Juss (Meliaceae)  contains azadirachtin, a triterpenoid that has 
shown to have growth regulatory activity and antifeedant effects 
in great number of pests. 

Aji and pepper extracts have also been used as organic pesticides 
with great efficiency against capsaicinoids, secondary metabolites 
that are produced only in the genus Capsicum (Claros et al., 
2019). It is important to point out that the use of aji and garlic 
extracts for pest control in brassicas is not widely studied. On the 
other hand, plant species from the Sophora genus have been used 
as aphidicides, because they contain varius alkaloid compunds 
that are toxic against aphididae species (Ma et al., 2018). Garlic, 
Allium sativum L. also has a series of secondary metabolites like 
alicine, with insecticide properties (Meriga et al., 2012; Kumar, 
2017).

These insecticides must be tested for control pests, and compared 
to chemical insecticides like  lambda-cyhalothrin, in order to 
confirm its efficacy. This process should also be paired with 
testing the effect of pest control in broccoli yield. Therefore, this 
studied had the objective to evaluate the effect of three organic 
and one chemical insecticides, in various doses on  B. brassicae 
populations, as well as the broccoli yield in Guaytacama, 
province of Cotopaxi, the most important broccoli producer 
region in Ecuador.  

Materials and methods 

This studied was carried out between april and june 2023, in the 
Guaytacam parish (coordinates: 0°48’50.82” S; -78°38’12.33” 
O) located at 2,906 masl, in the municipality of Latacunga, 
Cotopaxi province (figure 1). 
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Figure 1. Map of Ecuador and the Cotopaxi province 
highlighting the area of analysis. The map was made with free 

software at https://d-maps.com/

The life zone where the study was carried out is a humid 
montane forest (Holdridge, 1967). During the period of testing, 
the weather variables were sourced from a nearby weather 
station, which registered precipitation levels and minimum and 
maximum temperatures (table 1).

Tabla 1. Precipitation, maximum and minimum temperatures 
registered in the area of study April-June 2023.

Month Precipitation (mm) Maximum tem-
perature (°C)

Minimum tem-
perature (°C)

April 61.5 16.85 8.12

May 35.0 17.96 8.95

June 81.5 16.63 8.49

The assay was conducted on a experimental plot of 1,600 m2 
(22 x 72 m) in which hybrid broccoli plants Steel® possessing 
life cycles of 95 days. The lot was divided in four plots chosen 
at random, where 12 treatments with insecticides were applied, 
plus one more plots without any intervention for the absolute 
control. 

Each plot measured 30 m2 (5 x 6 m). The furrows were planted 
in double rows with a separation of 1,00 m between furrows and 
the plants were sown at a distance of 0.20 m. On a total of 52 
blocks resulting from 13 treatments, four of them were tested. 
Three botanical insecticides and one chemical insecticides where 
each tested at three dosage levels (low, medium, high) after the 
recommendations on their technical sheet. Each plot had an 
absolute control by repetition. Thus, the 13 treatments were 
tested as shown in table 2. 

The plot was subjected to all necessary agricultural practices for 
optimal crop development. The first fertilization was carried out 
in the second week after the transplant, in which 30 kg of N, 72 
kg of P, 35 kg of K2SO4 y 200 kg f CaSO4  were applied per ha. 
The second fertilization was carried out during week five after 
the transplant, in which 150 kg of N, 180 kg of K, 50 kg of Ca 
y 20 kg of Mg were applied per ha. The third fertilization was 
done on the third week, with 120, 170, 50 and 30 kg·ha-1 of N, K, 
Ca and Mg. A last fertilization was done on week 10 of the crop 
cycle, with 100 kg of N and 80 kg of K per ha. Weed control was 
carried out during weeks 3, 5, 8 and 10 of the crop cycle. 

Table 2. Treatment with tested insecticides. 
No Commercial 

product
Treatment Active 

ingredient
Dose·ha-1

1 Nimbo® Azadirachtin 17% 1,000 mL

2 1,500 mL

3 2,000 L

4 Forte® Sophora extract 1.5% 600 mL

5 800 mL

6 1,000 mL

7 Ninja® lambda-cyhalo-
thrin

50 g·L-1 200 mL

8 250 mL

9 300 mL

10 Butanika® Azadirachtin + 
capsaicin + allicin

6% + 5.5 % + 
15%

2,000 mL

11 2,500 mL

12 3,000 mL

13 
Control (non-
treated)

The plot was subjected to all necessary agricultural practices for 
optimal crop development. The first fertilization was carried out 
in the second week after the transplant, in which 30 kg of N, 72 
kg of P, 35 kg of K2SO4 y 200 kg of CaSO4  were applied per ha. 
The second fertilization was carried out during week five after 
the transplant, in which 150 kg of N, 180 kg of K, 50 kg of Ca 
y 20 kg of Mg were applied per ha. The third fertilization was 
done on the third week, with 120, 170, 50 and 30 kg·ha-1 of N, K, 
Ca and Mg. A last fertilization was done on week 10 of the crop 
cycle, with 100 kg of N and 80 kg of K per ha. Weed control was 
carried out during weeks 3, 5, 8 and 10 of the crop cycle. 

For the disease control, copper at 5.34% was used to fight off 
mushrooms on flower heads with a dose of 1.5 L·ha-1 during 
weeks 8, 9 and 10 of the cycle. They were irrigated with sprinklers 
every three days for an hour.

The treatments were sprinkled on a weekly basis starting on week 
2 after the transplant. For testing the effect of the treatments, 
15 plants were selected at random from the central rows of the 
experimental plots, and the number of aphids were counted. The 
first count was done before the first sprinkling of the pesticides. 
During the tests, the existing leaves after the first two weeks 
were observed and afterwards the leaves of the upper, middle 
and lower stratus. On weeks 7 and , besides the leaves, the aphids 
were present during the inflorescences. With this, it was possible 
to determine the number of aphids per plant after 8 counts. (1 
count per week). 

Based on the formula proposed by Henderson and Tilton (1955) 
for different initial populations, the efficacy of insecticides (in 
percentage, %):

%Efficacy = [1 – (Nca x Ntd)/(Ncd x Nta)] × 100 

N = number of individuals.
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t = treated plots.

c = untreated plots (control).

d = after the treatment.

a = before the treatment.

The broccoli was harvested on week 12 of the cycle. From each 
of the central row, five plants were selected at random and were 
the flower heads were weighted using a scale. Considering the 
average weight of the flower heads from each treatment and a 
density of  64,000 plants·ha-1 the yield was measured in t·ha-1 for 
each treatment. 

Data analysis. The normality of variables. number of individuals 
and yield were analyzed with a Shapiro-Wilks test (P<0.05). 
The yield was normal, but the number of aphids was not, thus 
some transformations were applied (square root, arcsine). After 
the transformations, it was not possible to get the normality of 
the number of aphids, therefore this variable was analyzed with 
a non-parametric Friedman test (P<0.05). The effectiveness of 
aphid control was analyzed between treatments using the non-
parametric Kruskall-Wallis test (P<0.05). The yield measured 
in t·ha-1 was analyzed using an ANOVA including plots and 
treatments as variations factors. The medians were compared 
using Tukey tests (P<0.05). An analysis of exponential 
regression between the number of aphids in the plant (X axis) 
and an extimated yield in t·ha-1 (Y axis) (P<0.05). The analysis 
were done using the software Infostat 2020 version (Di Rienzo 
et al., 2020).

Results and discussion

Brassica brassicae per treatment. Figure 2 shows that, during 
the initial count, before the plaguicide sprinkling, and in the 
second test, the populations were similar between treatments. 
The populations began to change after the third week of testing, 
after which the number of aphids in the untreated plot differed 
conspicuosly compared to the treated plots that showed the 
greatest number of individuals (26.5 aphid·plant-1). Regarding 
the treated plots, the number of aphids varied depending on the 
treatment, which resulted in significant differences as detected by 
the Friedman test (P<0.05). 

The B. brassicae populations were smaller in the plots sprinkled 
with a 300 mL dose of lambda-cyhalothrin, with no variations 
compared to those that were achieved with a 1,000 mL  Sophora 
extract, as well as with azadirachtin + capsaicin + allicin applied 
at doses of 2,500 mL and 3,000 mL. The treatments with 
azadirachtin at a 1,000 mL dose, the Sophora extract at 600 mL, 
and azadirachtin + capsaicin + allicin at 2,000 mL did not reduce 
the B. brassicae populations, and were significantly superior on 
these treatments as detected by the Friedman test (figure 2).

Figure 2. Number of B. brassicae individuals per broccoli plant 
of each treatment in the different samples. The table shows the 
general averages of aphids per treatment. The medians with the 
same letters did not differ significantly. Comparisons made with 

the Friedman test (P-value: 0,0001).

Efficacy of treatment. The table 3 shows the control efficacy of 
B. brassicae that is significantly higher than the treatment that 
included  azadirachtin + capsaicin + allicin at a dose of 3,000 L 
and the treatment with  lambda-cyhalothrin at a 300 mL dose.

These high efficacies did not differ from those reached by the 
Sophora extract 1,000 mL, azadirachtin + capsaicin + allicin 
2,500 L, lambda-cyhalothrin at a 250 mL dose and azadirachtin 
at 2,000 mL (P<0.05). 

Significantly inferior efficacies were observed in the treatments 
with azadirachtin at 1,000 and 1,500 mL, with Sophora extract 
at 600 mL, con lambda-cyhalothrin at 200 mL and the mix 
oazadirachtin + capsaicin + allicin  at a dose of 2,000 mL.
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Table 3. Efficacy of the tested treatments in the control for B. 
brassicae in broccoli crops. The efficacy was calculated using 

the  Henderson and Tilton equation (1955).
No Treatment Efficacy   

1 Azadirachtin, 1,000 mL dose 72.6 c

2 Azadirachtin, 1,500 mL dose 70.1 c

3 Azadirachtin, 2,000 mL dose 93.1 ab

4 Sophora extract, 600 mL dose 71.0 c

5 Sophora extract, 800 mL dose 82.4 bc

6 Sophora extract, 1,000 mL dose 94.5 ab

7 Lambda-cyhalothrin, 200 mL dose 70.3 c

8 Lambda-cyhalothrin, 250 mL dose 89.2 abc

9 Lambda-cyhalothrin, 300 mL dose 96.7 a

10 Azadirachtin + capsaicin + allicin, 2,000 mL dose 80.4 bc

11 Azadirachtin + capsaicin + allicin, 2,500 mL dose 88.4 abc

12 Azadirachtin + capsaicin + allicin, 3,000 mL dose 98.7 a

Comparisons made with the test Kruskall-Wallis (H= 30.95, P-value: 0.0011). The medians with the 
same letter did not differ significantly. 

Estimated yield and population density of B. brassicae  (t·ha-1), 
the variance analysis detected differences between treatments, 
but not between plots (table 4).

Table 4. Variance analysis for the estimated yield (t·ha-1). R2= 
0.92; CV= 2.83%.

F.V. SC gl CM F p-value

Model 94.61 15 6.31 26.22 <0.0001

Treatment 93.68 12 7.81 32.45 <0.0001

Repetition 0.93 3 0.31 1.29 0.2918

Error 8.66 36 0.24

The yields were higher in the plots treated with the chemical 
insecticide (lambda-cyhalothrin) at a dose of 300 mL·ha-1, as 
well as in the plots that were sprayed with botanical insecticides 
based on the mixture of azadirachtin + capsaicin + allicin at 
doses of 3,000 L and Sophora base extract at a dose of 1,000 mL 
(table 5). On the other hand, yields were significantly lower in 
the plots that were treated with azadirachtin at a dose of 1,000 
mL and with lambda-cyhalothrin at a dose of 200 mL without 
differences with the untreated plot (control).

The decrease of broccoli yield could, at least in part, be linked 
to the population density of B. brassicae. The calculated 
exponential regression equation (figure 3) indicated that, 
when the B. brassicae population density increased, the yields 
decreased, and the yield variance according to the populations 
was explained in approximately 41%. 

The decrease of broccoli yield could, at least in part, be linked 
to the population density of B. brassicae. The calculated 
exponential regression equation (figure 3) indicated that, 
when the B. brassicae population density increased, the yields 
decreased, and the yield variance according to the populations 
was explained in approximately 41%.

Tabla 5. Estimated yield t·ha-1 of broccoli in the different 
treatments tested.

No. Treatment Yield (t·ha1)

1 Azadirachtin, 1,000 mL dose 16.1 fg

2 Azadirachtin,  1,500 mL dose 16.8 ef

3 Azadirachtin, 2,000 mL dose 18.2 bcd

4 Sophora extract, 600 mL dose 17.2 def

5 Sophora extract, 800 mL dose 17.6 cde

6 Sophora extract, 1,000 mL dose 18.5 abc

7 Lambda-cyhalothrin, 200 mL dose 15.2 g

8 Lambda-cyhalothrin, 250 mL dose 17.9 bcde

9 Lambda-cyhalothrin, 300 mL dose 19.7 a

10 Azadirachtin + capsaicin + allicin, 2,000 mL dose 16.9 ef

11 Azadirachtin + capsaicin + allicin, 2,500 mL dose 17.5 cde

12 Azadirachtin + capsaicin + allicin, 3,000 mL dose 18.9 ab

13 Control (untreated) 14.8 g

Median comparison done with the Tukey test (P<0.05). Medians with the same letter did not differ 
significantly. 

        

Based on the population density of B. brassicae, the efficacy 
of the control and estimated yield, three treatments with 
insecticides, the organic-synthetic, the lambda-cyhalothrin 
applied to a dose 300 mL·ha-1, and two of botanic origin, that is, 
the mix of azadirachtin + capsaicin + allicin sprinkled at 3,000 
mL and the Sophora extract at a dose of 1,000 mL showed higher 
efficacy for the control of B. brassicae in broccoli and the least 
effect on yields. 

The efficacy of these insecticides with regards to aphid control 
have been tested on broccoli and other brassicae with similar 
results and contrasting with those of this study.

Falcon-Alvarado et al. (2023) applied various treatments with 
botanic extracts for aphid control on cabbages, B. oleracea 
var. capitata L., using neem leaf extract (dose: 20%) observing 

Figure 3. Exponential equation between the number of B. 
brassicae individuals per plant (X axis) and the broccoli yield 

(Y axis).
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general averages of seven aphids per plant, and a control 
efficacy of 61.5% 45 days after testing. This was similar 
to what was obtained in this study at low and medium 
doses of azadirachtin, and lower to the high dosage results 
tested for the same extract. A seed extract of A. indica was 
prepared at 5% and applied to control cabbage pests (B. 
oleracea var. capitata) in a field study conducted between 
2016 and 2017 in the Ketu-Sur municipality, Volta region, 
Ghana (Ngosong et al., 2021). The results showed the 
efficacy of the extract, with post-implementation averages 
lower than one individual per B. brassicae leaf (Ngosong 
et al., 2021). These population densities, if apported to 
individuals per plant, were similar to the observed ones 
in the study when azadirachtin was applied at high doses. 

For the lambda-cyhalothrin, some experiments showed 
high and average efficacy of this pyrethoid insecticide. 
Conciding with the study’s findings, the treatments that 
included lambda-cyhalothrin and imidacloprid showed 
higher efficacy for the control of Lepidoptera and Homoptera 
pests of B. oleracea in field experiments between 2014 and 
2015 at the Faisalabad University, Pakistan (Saeed et al., 
2017; Mahmood et al., 2018). Ali y Zedan (2015) carried 
out a field experiment in the El-Minia region, Egypt to test 
the effects of various insecticides for B. brassicae control 
on cabbages. Lambda-cyhalothrin evaluated at a dose of 
170 mL·ha-1 showed an average efficacy of 64.3% in the 
control of this aphid species. This efficacy is similar to 
that obtained in this study when lambdacyhalothrin was 
applied at doses of 200 mL·ha-1.

Several brassica pests have developed resistance to 
being sprinkled with these organo-synthetic insecticides 
(Joseph et al., 2017; Mpumi et al., 2020; Panwar et al., 
2023). These insecticides have also shown adverse effects 
on natural enemies of brassica pests (Anjum and Wright, 
2023; Panwar et al., 2023). Consequently, the impact 
of lambda-cyhalothrin and other pyrethroids should be 
considered when designing pest management programs 
(Mpumi et al., 2020).

In the case of Capsicum extracts, laboratory tests have 
shown 100% efficacy of C. frutescens L. alkaloids in 
the control of the aphid, B. brassicae (Habimana and 
Hakizayezu, 2014). Capsaicinoids extracted from C. 
annuum L. were tested in field experiments in Yunnan, 

China for the control of various pests. These experiments 
showed a control efficiency of 77.80 and 89.74% on B. 
brassicae and M. persicae, respectively, when these 
alkaloids were applied at a concentration of 3,000 mL 
(Li et al., 2019). In contrast to what was obtained in this 
trial, applications of garlic extracts (60 g·L-1) and aji (50 
g·L-1) reduced the B. brassicae populations by 42.05 and 
26.36%, respectively (Baidoo and Mochiah, 2016).

Extracts of Sophora species have also been tested for aphid 
control. Ma et al. (2018) reported that alkaloids from S. 
alopecuroides L. showed high insecticidal activity against 
aphids belonging to the genera Myzus, Aphis, Macrosiphum 
and Brevicoryne with efficacy ranges between 40 to 70%. 

A field experiment indicated an efficacy of 85.91% in the 
control of the rose aphid, Macrosiphum rosirvorum L. 
when extracts of S. alopecuroides (15.7%) were sprayed 
together with Nicotiana tabacum L. (1.1% ) (Xin et al., 
2014). 

In this study, the decrease in yields associated with 
the increase in B. brassicae populations was detected. 
Coinciding with these results, Falcon-Alvarado et al. 
(2023) noted that yields were lower in cabbage plots that 
were not treated with insecticides in which the largest 
aphid populations developed. In oilseed brassica species, 
field studies found yield declines ranging from 18.3 to 
24.5% due to high densities of aphids and lepidopteran 
caterpillars (Kumar, 2017).

In this assay, the densities of B. brassicae decreased the 
yield of broccoli with a determination of 40% according 
to the calculated equation. Abiotic factors, pests and 
diseases also had effects on yield, which could explain the 
remaining variation. In addition to B. brassicae, in Ecuador 
other pests that caused losses in broccoli are Leptophobia 
aripa (Boisduval) (Lepidoptera: Pieridae) and Plutella sp. 
(Lepidoptera:Plutellidae) (Pazmiño et al., 2015; Gomez 
and Sánchez, 2023). Given the importance of broccoli 
for the Ecuadorian economy, research on the evaluation 
of alternatives to less impact pests represents a significant 
contribution to sustainable pest management. 

Conclusion

The low densities of B. brassicae, high control efficiencies, 
as well as higher yields in botanical treatments, 
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azadirachtin + capsaicin + allicin sprayed at 3,000 mL and 
Sophora extract at a dose of 1,000 mL, mean that their 
uses may be promising within programs of sustainable pest 
management. This is especially important in countries that 
dedicate part of their production to export, such as Ecuador. 
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