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Abstract
Beans are the second most important crop in Mexico for human consumption. During storage, 
there have been losses of more than 35% due to the attack of weevils, for which chemical control 
represents the most common method. Great efforts have been made in the search for methods of 
natural control. This study aimed to evaluate, in three varieties of beans (Negro, Peruano and Flor 
de Mayo), the effect of the use of plant powders (Eucalyptus globulus and Tagetes erecta) with two 
drying methods (natural and freeze-drying) on the mortality of bean weevil (Zabrotes subfasciatus) 
and seed quality. Mortality was assessed at 24, 48, 72 and 96 h. There were statistical differences 
between varieties and plant powders, but not for doses and drying methods. The highest cumulative 
mortality was observed with eucalyptus with 71.41%; in contrast, marigold reached 52.93%. The 
seed treated with powders reached 87% germination, while the control had 88%.
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Introducon
As of July 31, in the autumn-winter 2022-2023 cycle, 203 375 ha were harvested, which represented
an advance of 99.9% of sowings, in which 244 664 t have been obtained. Sinaloa has generated 92
535 t, 37.8% of the total for the cycle; Nayarit 69 246 t, 28.3%; Chiapas 27 125, 11.1%; Veracruz
18 826, 7.7%, and the rest of the states 36 933 t, 22.7% of the total (SIAP, 2023).

A consumption of 1 013 t and a final inventory of 83 000 t are calculated to supply 1.0 months (SIAP,
2023). Prices show differentiated behaviors. In July 2023, the average rural price of pinto beans
was $12.63 pesos kg-1, similar to that paid the previous month and 33.1% lower than that paid in
the same month of 2022. The reference price for wholesale beans was $25.29 pesos kg-1, 1.2%
lower than that registered in the previous month and 11.9% higher than in July 2022. On the other
hand, the price paid by the consumer was $41.30 pesos kg-1, 3.6% more than that observed last
June and 19.4% higher in annual comparison (SIAP, 2023).

Adverse weather conditions, mainly drought in important producing regions, affected global bean
production during 2019; in contrast, in 2020, it managed to recover to 27.5 million tonnes, a volume
obtained in 34.8 million hectares cultivated with this legume, according to FAO information. The
main producing and consuming countries, India, Myanmar, and Brazil, continue to boost global
bean production.

With a world consumption of around 25 million tons, per capita consumption has shown a stable
trend in the last five years and stands at 2.46 kg per person per year. It is around 12.7 kg in
Brazil, 4 kg in India, 2.8 kg in Myanmar, 1.8 kg in the United States of America, and 7.8 kg in
Mexico, according to FAO estimates. Approximately 16% of the world’s production is traded on the
international market.

In Mexico, beans are the third most important crop by area planted, with 7.9% of the total in the
agricultural year; on the other hand, they ranked tenth in terms of the value of national agricultural
production, with a share of 2.4% in 2020. In the 2021 agricultural year, 1 176 million tons were
obtained in a harvested area of 1.6 million hectares, 87.2% of rainfed and 12.8% of irrigation, which
meant an increase of 11.3% compared to the production of the 2020 agricultural year.

Greater rainfall in the main rainfed regions mainly favored the recovery of average yields per unit
of area, so national production grew for the second consecutive year after the strong impact of the
drought recorded in 2019. Seventy-three point two percent of the production was obtained in the
spring-summer cycle and 26.8% in the autumn-winter (A-W) cycle. The Negro, Pinto and Azufrado/
Peruano bean varieties are the ones with the highest participation in national production. Five states
participated together with 68.2% of the national production: Zacatecas (29.9%), Sinaloa (13%),
Durango (10.5%), Chihuahua (8.9%) and Nayarit (6%).

The average yield was 1.76 t ha-1 under irrigation conditions and 590 kg ha-1 under rainfed
conditions. On the other hand, the consumption of beans in Mexico during the commercial cycle
from Oct. 2020 to Sep. 2021 is estimated at 1 061 million tons. Nine percent of this volume was
supplied with imported beans, mainly from the United States of America. During the first eleven
months of 2021, Mexico imported 177.5 thousand tons of beans and exported 37.2 thousand tons
(FAO, 2022).

The conservation and protection of this grain during storage is a food, social and economic need.
More than two decades ago, it was estimated that 5-10% of the world’s food grain production was
lost due to warehouse insects, which, at that time, could help feed 130 million people annually (FAO,
1999). For Central America and Mexico, postharvest losses have been estimated to reach up to
35% of stored beans (Nava-Pérez et al., 2010).

The species that causes the most damage to stored beans is the Mexican bean weevil [Zabrotes
subfasciatus (Boheman)], order Coleoptera, family Chrysomelidae, subfamily Bruchinae (De
Franca, 2012). The deterioration of bean grain as a result of the attack of these insects occurs
when the larvae feed on the seeds, causing damage to the cotyledons. The grains are covered
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with eggs and present perforations that correspond to the feeding chambers of the insects, which
causes significant weight loss.

There are several technical and management alternatives that have been implemented to reduce
postharvest losses, mainly during bean grain storage (López-Monzón et al., 2016). The increase in
imports and decrease in exports is a consequence of the fact that the country’s weather conditions
have not favored domestic production, coupled with the exchange rate and the fact that the legume
is free of tariffs for countries with which Mexico does not have a trade agreement, several nations
have managed to increase their participation in the national market, which is reflected in the volume
acquired from the foreign market (SIAP, 2023).

This research aimed to evaluate, in three varieties of beans (Negro, Peruano and Flor de Mayo), the
effect of plant powders (Eucalyptus globulus and Tagetes erecta) with two drying methods (natural
and freeze-drying) on the control of the bean weevil and seed quality.

Materials and methods
The work was carried out in the Seed Health Laboratory of the Technological Institute of Roque; 244
stems of marigold plants, Tagetes erecta, were collected randomly from a crop in the municipalities
of Comonfort and Valle de Santiago, Guanajuato, Mexico, in November 2019. For the freeze-drying
method, the leaves and flowers of the plants were placed in 50 ml Falcon tubes in an ultra-low
freezer (Thermo Scientific®, Model 931, Series TSE) at -80 ±1 °C for three weeks, then placed in a
freeze-dryer (Scientz® -18N) at a pressure of 15 kPa and a final temperature of 22 ±2 °C.

For the method of natural drying at room temperature, the leaves and flowers of the plants were
placed in negro plastic bags and the material was placed for 48 h at room temperature until the
material had a crispy consistency to the touch. Both materials -freeze-dried and naturally dried-
were ground, one in a Krups® mill and a UDY® cyclone mill, model Ciclone SDMPUCM; for storage,
they were placed in airtight containers.

For the reproduction of the weevil Zabrotes subfasciatus Boheman, 500 unsexed adults were placed
per 700 g of Mayocoba beans in 1 000 ml plastic containers covered with organza fabric in a
bioclimatic chamber (VWR S/P, Sheldon MFG, Inc., Model 3025T) at a temperature of 28 ±2 °C
and a photoperiod of 12:12. Four weeks later, the F2 generation was obtained, from which 10 adult
weevils were taken and placed in a 256 ml plastic container with a lid, which contained 100 g of
seed of each variety of beans (Flor de Mayo, Peruano and Negro beans) owned by the germplasm
bank of INIFAP, Celaya; likewise, they were produced under the same technological package of
bean production; the doses of the corresponding plant powder were added to them (Table 1) and
they were stirred manually for 30 s for homogenization (Cerna et al., 2010).

Table 1. Plant powders and concentraon of eucalyptus and marigolds.

Plant powder Dose Drying method

Eucalyptus 0.5 g Freeze-drying

1 g Natural

Marigold 0.5 g Freeze-drying

1 g Natural

To quantify weevil mortality (M), the method described by Mazzonetto (2002) was used; the counts
were carried out over a period of 24, 48, 72 and 96 h. The correction of mortality was made using the
formula described by Abbott (1925). MC= mortality between treatment-mortality in the control100-
mortality in the control × 100. Where: MC= is corrected mortality.

Physiological seed quality: for physiological quality tests, 50 seeds were taken from each previously
stored bioassay; of these, 25 seeds were used for the standard germination test and 25 for sand
bed. The standard germination test was used to record the germination percentage (GP); the sand
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bed test for the emergence percentage (EP), emergence speed (ES), and seed vigor index II (VIII).
The methodology described by ISTA (2005) was used for the counts.

Experimental design: the experimental design used was completely randomized with a four-factor
factorial arrangement in four replications. The traits evaluated for weevil mortality were mortality
at 24, 48, 72 and 96 h, cumulative mortality at 48, 72 and 96 h. Regarding seed quality, the
traits evaluated were germination percentage (GP); emergence percentage (EP); emergence speed
(ES); and vigor index II (IVII). The data recorded for each of the variables studied were subjected
to analysis of variance (Anova) with a comparison of means of LSD (## 0.05). The Sas statistical
package version 9.3 (Sas Institute, 2011) was used for the analyses.

Results and discussion
Table 2 presents the mean squares for Z. subfasciatus mortality per day and cumulative mortality at
24, 48, 72 and 96 h of exposure; significant differences in mortality per day and cumulative mortality
at all exposure times due to the effect of the varieties were examined; on the other hand, for the
drying methods (freeze-drying and natural), they have a significant effect on the survival of the
weevil under study at 24, 72 and 96 h, while differences were observed in cumulative mortality at
48 and 96 h of exposure. Plant powders have a significant effect on daily and cumulative mortality
of Z. subfasciatus at all exposure times evaluated.

Table 2. Mean squares of the variables for mortality of weevils Zabrotes subfasciatus at 24, 48, 72 and 
96 h in Negro, Flor de Mayo and Peruano beans with two drying methods and two doses of plant powders 

in 2019.

Mortality (h) Cumulative mortality (h)Source of

variation 24 48 72 96 48 72 96

Variety 121.11** 3. 51* 4.07* 49.38** 83.65** 50.18** 12.74*

Drying method 2.8* 0.46 ns 8.24* 3.25* 3.32* 0.22 ns 1.17*

Plant powders 100.55** 80.71** 90.32** 54.22** 218.03** 313.38** 377.99**

Dose 0.01 ns 7.4* 0.01 ns 0.56 ns 1.75* 0.21 ns 0.72 ns

Var x DM 1.16* 0.04 ns 0.37 ns 0.13 ns 0.71 ns 1.83* 1.76*

Var x PP 45.98** 7.07* 7.55* 12.9* 42.71** 16.72** 6.14*

Var x dose 0.2 ns 1.15 ns 1.99* 0.26 ns 0.01 ns 0.99 ns 0.34 ns

DM x PP 1.85* 2.63* 2.24* 8.24* 0.83 ns 0.07 ns 1.36*

DM x dose 3.9* 0.02 ns 0.43 ns 5.31* 0.88 ns 1.39* 0.01 ns

PP x dose 0.03 ns 1.89* 0.47 ns 0.24 ns 0.47 ns 0.39 ns 1.38*

Var x DM x PP 0.5 ns 5.22* 0.19 ns 0.06 ns 3.02* 1.75* 2.1*

Var x PP

x dose

1.08* 0.32 ns 0.68 ns 1.07 ns 0.68 ns 1.48* 0.34 ns

DM x PP

x dose

0.98* 0.45 ns 1.77* 1.85* 0.86 ns 0.39 ns 0.45 ns

Var x DM x

PP x dose

0.46 ns 0.45 ns 1.54* 0.04 ns 0.4 ns 0.23 ns 0.29 ns

Error 1.11 2.43 2.05 2.14 2.19 1.84 1.62

CV 39.77 50.43 46.07 57.68 35.16 24.69 20.18

* *, *= statistical significance at 0.01 and 0.05 respectively; ns= not significant.

In the interaction of drying method by plant powder, there were significant differences, except for the
cumulative mortality at 48 and 72 h. The interaction of variety by dose shows no differences, except
for percentage of mortality at 96 h; the interaction of drying method by dose showed significant
differences at 24 h in the percentage of mortality and at 96 h of exposure, it was significant for both
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percentages; the effect of plant powders by dose only presented significant differences in mortality
at 48 h and in cumulative mortality at 96 h.

In the interaction of the three variables under study, variety by drying method by plant powder,
significant differences were perceived in mortality at 48 h and in cumulative mortality at 48, 72
and 96 h, while for the interaction of variety by plant powder by dose, it only showed significant
differences in mortality at 24 h and in cumulative mortality at 72 h.

Table 3 shows the mean squares for the variables of germination percentage (GP), emergence
percentage (EP), emergence speed (ES), and vigor index II (IVII), where there were highly
significant differences in each of the variables evaluated for variety; significant differences were
also analyzed in emergence percentage and vigor index for drying methods; however, for
plant powders, significant differences were observed for germination percentage, emergence
percentage, emergence speed, and vigor index II; for the effect of the dose, there were only
differences in germination percentage.

Table 3. Mean squares of germinaon percentage, emergence percentage, emergence speed and vigor 
index II (IV II) evaluated in Negro, Flor de Mayo and Peruano beans with two drying methods, two plant 

powders and two doses in 2019.

Source of variation GP EP ES IV II

Variety 7 542.98** 1 756.31** 171.8** 41 792.38**

Drying method 0.39 ns 189.7* 0.12 ns 6 929.17*

Plant powders 178.27* 448.66* 13.27* 3 610.4*

Dose 498.77* 7.32 ns 0.18 ns 43.32 ns

Var x DM 455.41* 843.19* 2.67* 4 169.58*

Var x PP 537.86* 723.4* 21.58* 1 162.14*

Var x dose 342.26* 46.29 ns 0.29 ns 452.29 ns

DM x PP 154.98* 1069.19* 6.44* 966.62*

DM x dose 37.78 ns 77.2* 2.77* 467.06 ns

PP x dose 278.88* 408.71* 0.1 ns 2 103.41*

Var x DM x PP 96.95 ns 343.72* 4.23* 1 384.52*

Var x PP x dose 160.89 ns 142.53* 0.52 ns 1 378.14*

DM x PP x dose 13.62 ns 401.55* 4.72* 1 784.14*

Var x DM x PP x dose 160.58 ns 321.17* 1.57 ns 1 198.52*

Error 259.85 137.02 3.8 1 347.73

CV 21.02 15.7 14.5 24.54

GP= germination percentage; EP= emergence percentage; ES= emergence speed; IVII= vigor index II; **, *= statistical 
significance at 0.01 and 0.05 probability; ns= not significant.

In the interactions where varieties with drying methods and plant powders participate, there were
significant differences for all study variables. Regarding the interaction of varieties by dose, there
were only differences in germination percentage; in the interaction of drying method by plant
powders, significant differences were observed in each of the variables; for drying methods by dose,
there were only significant differences in emergence percentage and vigor index II; in the interaction
of plant powder by dose, there are significant differences in the variables, except for emergence
speed, which does not show differences; in the interactions of variety by drying method by plant
powder and drying method by plant powder by dose, significant differences were observed in the
variables, excluding germination, which was not significant; for the interactions of variety by plant
powder by dose and variety by drying method by plant powder by dose, significant differences were
observed only for emergence percentage and vigor index II.

Table 4 shows significant differences between the varieties, where the Negro bean reached its
highest mortality percentage at 24 h with 19.57% while the Flor de Mayo and Peruano varieties
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only reached 2.48% on average, which represents 88% more mortality. Flor de Mayo and Peruano
registered the highest percentage of mortality at 72 h with 9.55% and 10.19%, respectively.

Table 4. Comparison of means of LSD (α= 0.5) for mortality by count and per day at 24, 48, 72 and 96 h and cumula
ve mortality at 48, 72 and 96 h, Roque, Celaya, Guanajuato, in 2019.

Mortality by count (h) Cumulative mortality (h)Variety

24 48 72 96 48 72 96

Flor de

Mayo

2.63b 8.02a 9.55a 9.17a 11.33b 23.41b 34.9b

Peruano 2.35b 8.14a 10.19a 9.3a 11.33b 23.7b 36.34b

Negro 19.57a 11.06a 7.23a 1.36b 32.33a 44.12a 47.11a

Method

Freeze-

drying

7.28a 9.36a 10.65a 5.16a 18.42a 29.31a 38.18a

Natural 5.8a 8.68a 7.68b 6.68a 15.9a 30.19a 40.46a

Mortality per day

Without no

powders

0.78c 2.59c 1.9b 1.29b 3.38c 6.84c 9.36c

Eucalyptus 15.58a 18.42a 16.72a 7.79a 38.18a 59.4a 71.41a

Marigold 7.39b 9.36b 12.53a 10.72a 18.95b 35.98b 52.93b

Dose

0.5 g 6.47a 10.45a 9.17a 6.2a 18.07a 30.19a 40.2a

1 g 6.57a 7.68a 9.04a 5.6a 16.22a 29.31a 38.43a

For cumulative mortality, the Negro bean variety reached 40% mortality at 72 h and 47.11% at 96
h, while the Flor de Mayo and Peruano varieties were statistically grouped equally and at 96 h, they
had barely reached 34.9% and 36.34%, respectively. These results may be due to the antibiosis
effect conferred by the amount of a protein called arcelin in the cotyledons, as reported by Harmsen
et al. (1987); Miranda et al. (2002), which has been responsible for the resistance effect to the attack
of Zabrotes subfasciatus. For their part, Guzmán et al. (1995) indicated that the protective effect in
beans is given by the lectin content, which, in their study, was higher in the Flor de Mayo variety.

In the comparison of means by drying methods for daily and cumulative mortality, it is observed that
there are no differences between drying methods for the variables evaluated, except for mortality
at 72 h, where higher mortality values are observed for freeze-drying with 10.65% compared to the
natural method that only registered 7.68%.

Concerning the cumulative mortality at 96 h, only the natural method had reached 40% at that
exposure time. In this regard, Paez et al. (1990); Lagunes (1994) established, as a criterion,
that plant powder treatments that show mortality greater than 40% are promising; in this study, it
was highlighted that freeze-dried powders did not achieve this threshold on average, so powders
prepared under the natural drying method should be preferred in addition to the fact that they present
a more affordable option for farmers.

On the other hand, in the means obtained by plant powder for mortality per day and cumulative
mortality, it was observed that the highest values were recorded for eucalyptus, which, at 48 h
of exposure, had almost achieved 40% mortality, at 72 h of exposure it registered 59.4% and by
96 h it had reached 71.41% of accumulated mortality; in contrast, marigolds only reached 52.93%
cumulative mortality at 96 h of exposure, which represents 25.87% more survival of Z. subfasciatus
in the application of marigolds.

These results are consistent with those obtained by Nava et al. (2010), who used aqueous extract
of eucalyptus to control Acanthoscelides obtectus with 61.57% and 74.44% at 3 and 6 days of
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application, respectively, compared to this study in which eucalyptus showed 71.41% of cumulative
mortality at 96 h. Likewise, this study coincides with the one carried out by Issa et al. (2011) with
garlic extracts in Sitophilus at 96 h of exposure, in which they observed that, as the extract is in
contact with the weevil for prolonged periods, its mortality increases.

For the doses in mortality per day and cumulative mortality, they are shown in Table 2, where no
significant differences were found in exposure times; therefore, it is advisable to use the lowest
dose of 0.5 g, which represents a proportion of 5 k of plant powder for each tonne of seed, thus
reducing costs and having the same effects as with the use of the highest dose of 1 g. In this regard,
Shaaya et al. (1997) mention that the use of high doses of plant oils can cause severe detriments
in germination, which make them unsuitable for the control of seed storage pests. Paul et al. (2009)
states that the mortality of Z. subfasciatus varies by up to 20% at 24 and 48 h of exposure depending
on the dose of plant powder used.

In this regard, Ortega-Nieblas et al. (2014) point out that higher doses of oregano essential oil
increased mortality in Z. subfasciatus and decreased exposure time to achieve 100% mortality.
For his part, Lagunes (1994) pointed out that, at present, plant powders represent an alternative
for the control of these pest insects. Additionally, it is necessary to consider what Isman (2006)
warned, who indicated that the main benefit of natural pesticides may be that obtained under low-
tech agriculture schemes and in developing countries that cannot afford the purchase of synthetic
pesticides, but also in organic agriculture.

Table 5 showed that seed quality behaves differently between varieties. The GP is higher in Negro
beans with 93.72%, Peruano beans and Flor de Mayo did not reach 90% germination percentage
(GP). The ISTA (2005) indicated that the minimum GP in seeds was 85%; nevertheless, González
(1995) pointed out that seeds treated with plant powders that did not exceed 90% germination
cannot be marketed as seeds.

Table 5. Comparison of means of LSD (α= 0.5) for the variables of emergence percentage, emergence 
speed, vigor index II and geminaon percentage by plant powder. Roque, Celaya, Guanajuato, 2019.

Variety GP EP ES IVII

Flor de Mayo 79.44c 90.13a 15.28a 127.74b

Peruano 88.91b 88.17a 11.5c 183.15a

Negro 93.72a 83.34b 13.37b 137.85b

Method

Freeze-drying 87.53a 87.92a 13.35a 156.5a

Natural 87.58a 86.6a 13.41a 142.65b

Powder

Without powder 88.68a 88.71a 13.91a 153.64ab

Eucalyptus 87.49a 87.49ab 13.38ab 155.48a

Marigold 86.48a 85.29b 12.86b 139.62b

Dose

0.5 g 86.49a 87.39a 13.35a 149.03a

1 g 88.61a 87.13a 13.42a 150.13a

GP= germination percentage; EP= emergence percentage; ES= emergence speed; IVII= vigor index II.

The lower germination rate in the case of Flor de Mayo (79.44) may be due to the fact that this
variety has greater adherence of the testa to the cotyledons, so imbibition is slow (Powell et al.,
2005); therefore, the percentage of germination decreases and is delayed. Agronomic and nutrition
management was in accordance with INIFAP’s technological package. The Flor de Mayo and
Peruano varieties were statistically the same for the EP, with 89.15% on average, which represented
6.51% more than what was observed in Negro beans, for which 83.34% was recorded.
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The delay in EP observed in Negro beans may be due to the fact that this variety contains a higher
amount of flavonoids that restrict seed germination (Debeaujon et al., 2000). For ES, it was again
observed that the three varieties under study behaved differently. In this case, the Flor de Mayo
variety showed 15.28, the Negro 13.37 and the Peruano 11.5; it could be observed that there was
a difference of 24.7% between the highest and lowest ESs.

The differences between the evaluated seed quality parameters can be attributed to the
characteristics of each genotype, such as the testa, color, and size of the seed (Rangel et al., 2011).
For the vigor index (IVII), it was noted that, of the two statistical groups, Peruano beans registered
183.15 and the Peruano and Flor de Mayo varieties showed 137.85 and 127.74, respectively.
Therefore, Peruano beans registered 27.49% more than the average of the other two varieties
under study.

The results obtained in the IVII are consistent with what was indicated by Gholami et al. (2009),
who indicated that the advantage of the larger size of a seed is that it produces seedlings with a
higher growth rate than those analyzed with small seeds, such as the Peruano beans. For the drying
methods, in the seed quality variables, only significant differences were observed in the IVII; in this
case, it was found that the seed treated with freeze-dried plant powders was the most vigorous with
156.5, which represents 8.8% more than the powders dried naturally.

It should be noted that the GP recorded for both drying methods exceeded 85%, which is the value
set by the ISTA; however, González (1995) pointed out that seeds treated with plant powders that
do not exceed 90% germination cannot be marketed as seeds. As for the powders, in EP, the
control, which showed 88.71%, and the marigolds in a second statistical group, which had 85.29%,
showed significant differences. The same behavior was shown for the ES, a variable that was 13.91
for the control and 12.86 for the marigold. For IVII, the highest value was observed in treatments
with eucalyptus plant powder and in a second statistical group was marigold with 139.62.

The results showed that, for the four quality variables evaluated, the values recorded in the
application of marigolds are the lowest. These results are consistent with those reported by Santos
et al. (2015); when evaluating aqueous, hydroethanolic, and ethanolic extracts of Tagetes erecta
and Tagetes patula applied to Lactuca sativa seeds in three concentrations, in the results they
perceived that, at a higher concentration of Tagetes extracts, the seeds decreased the GP to 0%
compared to a control that registered 98%; derived from these results, they indicated that the
species of the genus Tagetes contain various compounds capable of directly interfering in the
germination and growth of seedlings of other species.

In this regard, Hernández et al. (2006) reported that seeds treated with different plant oils decreased
germination, there was a reduction of up to 50% in seedling height, and the fresh and dry weight of
seedling decreased by 35 to 45%. It is important to note that, according to international standards,
seeds treated with plant powders that show values of less than 90% germination could not be
marketed as seed (González, 1995). Nonetheless, for low-tech agriculture or for subsistence
farmers, germination values above 70% are acceptable. In the present study, no treatment reached
90% GP.

Conclusions
The drying method and the dose of the plant powders used did not influence the mortality results,
so it is advisable to use the powders dried naturally and the dose of 0.5 g to reduce costs.
When eucalyptus plant powder was applied to bean seed, 71.41% of accumulated mortality of
Zabrotes subfasciatus was reached at 96 h of exposure; in contrast, only 52.93% was recorded
with marigolds. Therefore, the effect of eucalyptus is 25.87% more effective compared to marigold,
across bean varieties. In the average seed of the varieties in this study, with plant powders, it
showed 87% GP on average; therefore, it is suitable for sowing in non-technified agriculture or
traditional agriculture.
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