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ABSTRACT
Weevil is one of the main pests of stored corn. The adults feed on intact and broken seeds or bran, while the larvae develop by 
feeding on the inside of the seeds, resulting in a reduction in weight and physiological quality. The objective of this study was to 
evaluate the effects of Sitophilus zeamais infestation on corn seeds during storage. Corn seeds were infested using insect densities: 
0, 36, 72, 108, and 144 individuals per 240 g of seeds. The infested seeds were placed in individualized plastic containers 
and covered with voile fabric. The seeds were stored for 60 days under laboratory conditions with an average temperature of 
around 27 °C and relative humidity of 85%. Initially and every 15 days of storage for 60 days, the seeds were evaluated using 
the parameters: number of S. zeamais individuals, total number of infested seeds, seed weight loss, germination test and seedling 
emergence in the tray. The population increase of S. zeamais causes a decrease on the physical and physiological quality of 
stored corn seeds, but the deterioration rate does not increase in the same proportion as the weevil population growth rate.
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INTRODUCTION

Corn (Zea mays L.) production has increased in recent decades in different regions of the world and Brazil is the 
third largest producer in the world (FAO, 2020). Corn contributes substantially to increase grain production in Brazil 
with 82,288 million tons in the 2018/2019 harvest (CONAB, 2020).

The seeds are basic inputs for the corn crops and their quality is important to obtain high productivity. It is necessary 
that the seeds do not suffer rapid deterioration during storage to reach the rural producer with high-quality. Seeds can 
deteriorate rapidly in inadequate storage conditions (STEFANELLO et al., 2015), mainly by insect pests.

The losses by insect pest attack are greater due inadequate sanitary conditions of the warehouse infrastructure and 
climatic conditions that favor this biota. According to BESKOW; DECKERS (2002) the annual average of quantitative 
grains losses in Brazil corresponds to 10% up to total loss in some warehouses.

Corn weevil (Sitophilus zeamais Motschulsky, Coleoptera: Curculionidae) is a severe internal primary pest of stored 
products.The severity of this pest is due to its high reproductive capacity and short life cycle. On average, this insect 
oviposits 282 eggs (GALLO et al., 2002) during about 43 days of the biological cycle (MARSARO JÚNIOR et al., 2008), 
with the total instar larval developmental period being 23.1 days on corn (OJO; OMOLOYE, 2016). The longevity of 
this species is approximately 140 days (SOUSA et al., 2009).

It is polyphagous and its attack can start in the field and continue during storage, causing weight loss, reduction in 
germination, nutritional and commercial value of the grains (SILVEIRA et al., 2006; SORI;AYANA, 2012). Also, larvae 
and adults of S. zeamais feed on the endosperm, which results in secondary attack by fungi (VIEBRANTZ et al., 2016).
Such losses can reach more than 90% in terms of weight, in addition to qualitative damages (MUZEMU et al., 2013; 
NUKENINE et al., 2002).
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Due to the biotic potential of weevil, the speed of seed deterioration is likely to accelerate with the increase of  
its population. Thus, the objective of this work was to evaluate the effects of S. zeamais infestation on corn seeds 
during storage.

MATERIAL AND METHODS

Study sites and experimental design

The tests were conducted in laboratory conditions in the city of Humaitá, state of Amazonas, Brazil. Corn seeds of 
the cultivar Al 25 were used without chemical treatment. The insects of the species S. zeamais used for infestations were 
obtained from the rearing at the plant health laboratory.

Infestation levels of 0, 36, 72, 108 and 144 adult insects without sex determination per 240g of seeds were used to 
determine the lesions caused by S. zeamais on corn seeds. The insects were separated and counted 24 h before the infestation 
and were maintained without food for that period. The seeds were placed in each container and then infested with the 
population density corresponding to the treatment. Each container was considered a repeat. The storage containers for  
the insects were made of plastic with a 0.5-L capacity and were covered with voile fabric, attached with rubber ties to 
exchange gas and prevent insects from escaping.

The infested seeds were stored in laboratory environment with average temperature of around 27 °C and relative 
humidity of 85%.The seeds were evaluated initially and every 15 days of storage for 60 days.

The tests were conducted in a completely randomized design in a 5×5 factorial scheme (five infestation densities and 
five evaluation periods), with four replications.

Seed analysis
The parameters and procedures used to evaluate the action of the curculionid on corn seeds were:
1) �Number of seeds infested by insects: seeds containing larvae, pupae and adults were considered attacked, as well as 

an insect penetration or exit hole;
2) �Total number of insects: obtained by counting the total number of adults and larvae of S. zeamais present in  

the seeds;
3) Seed weight loss: obtained by weighing, in grams, the containers on each evaluation date;
4) �Germination test: four subsamples of 50 seeds were sownin a paper roll moistened with 2.5 times its weight in water 

and kept in a germinator at 25 °C. The germination percentage was determined five days after sowing by number of 
normal seedlings according to the Rules for Seed Analysis (RAS) (BRAZIL, 2009);

5) �Seedling emergence test in tray: the samples were collected in the same way as in the germination test, with 
sowing in plastic trays with substrate sand + soil (2:1). The trays were kept in a greenhouse with an average 
temperature of approximately 28 °C, with daily irrigation. Emerged seedlings were evaluated 14 days after 
sowing.

Statistical analysis
The data on the number of infested seeds and the total number of insects were transformed to √(x+0.5) and the 

germination and seedling emergence percentage to arcsene √(x/100). The averages obtained were analyzed using  
the SISVAR statistical program (FERREIRA, 2011). Data was submitted to F-test (p ≤ 0.05) and means were compared 
using regression analysis and Scott–Knott test.

RESULTS AND DISCUSSION

The effects of the infestation level, storage periods and its interaction were significant for all the variables studied in 
this work (Table 1).
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Table 1.  Mean squares of the infested seeds number (ISN), total number of insects (TNI), loss of seed weight (LSW), germination 
percentage (GP), seedling emergence percentage (SEP) of corn initially infested with Sitophilus zeamais and evaluated during storage.

SV DF
Mean Squares

ISN TNI LSW GP SEP

Infestation (I) 4 160.608** 489.745** 633.49** 0.135** 0.166**

Time (T) 4 189.076** 17.456** 1729.69** 0.278** 0.297**

I × T 16 14.585** 2.017** 116.69** 0.018** 0.049**

Error 75 0.022 0.128 0.630 0.007 0.009

**Significant at 1% probability; SV: source of variation; DF: degrees of freedom.

The evaluation of the population growth of S. zeamais showed that the number of individuals did not increase when there 
was no artificial infestation of the seeds with these insects, indicating that the seeds were free of the pest at the experiment 
installation time and there was no subsequent contamination (Fig. 1). There is an increase in the population of S. zeamais 
over the storage period for the other treatments.
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Figure 1. Total number of Sitophilus zeamais individuals in corn seeds with different levels of initial infestation, evaluated during 
storage using regression analysis (a) and Scott–Knott test (b). Means followed by the same letter in each storage period are not 
significantly different (p ≤ 0.05). Bars at the top of columns indicate the media standard error.
Source: Elaborated by the authors.

The larger the initial population of this pest, the greater the final population observed at 60 days of storage. There is a 
slow growth in the population up to 30 days when seeds were infested with 36 individuals and starts to increase more quickly 
after this period. The population growth of S. zeamais shows a linear growth trend to the infestation with 72 individuals 
according to the mathematical model adjustment (Fig. 1a).

There is also a population growth of the infestations with 108 and 144 individuals; however, it shows a second-degree 
polynomial model adjustment, with a tendency to stabilize growth around 45 days of storage. This change that occurred 
in the pest population dynamics in treatments with major initial infestations may be due to the occurrence of competition 
for food. This competition is dependent on population density and regulates the growth.

GUEDES et al. (2010) suggest in their work the presence of severe competition between larvae of S. zeamais induced 
by food limitation, with cannibalism occurring. DANHO et al. (2002), working with infestation of 50 individuals of  
S. zeamais in lots with 800 and 200 grains of corn, observed a smaller number of eggs in the smaller lot. In this same work, 
a maximum emergence of adult weevils was verified when the number of grains was greater, indicating a possible adaptive 
reproductive strategy.

However, the statistical difference initially observed in the weevil population by artificial infestation was maintained 
throughout the storage period (Fig. 1b). Similarly, SILVA et al. (2006) found that the population growth of S. zeamais in 
wheat seeds was affected by the population size that initiated infestation, so the greater the initial infestation, the greater 
the population growth during storage at 28 °C.
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Also, by the number of seeds infested verified, no seeds with injuries or presence of S. zeamais were observed in 
the treatment without infestation, indicating that there was no seed attack by this pest before the installation of the 
experiment (Fig. 2). For the other levels of seed infestation, it was found that the presence of these curculionids at 
the beginning of storage significantly increases infested seeds number during storage due to the population growth 
previously discussed.
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Figure 2. The number of seeds with damage caused by S. zeamais and weight of corn seeds with different levels of initial infestation, 
evaluated during storage using regression analysis (a, c) and Scott–Knott test (b, d). Means followed by the same letter in each 
storage period are not significantly different (p ≤ 0.05). Bars at the top of columns indicate the media standard error.
Source: Elaborated by the authors.

The injuries on the seeds were even greater mainly after 60 days of storage for the treatments with 108 and 144 individuals. 
In all treatments, except for the one in which there was no insect infestation, there was a quadratic model adjustment that 
explains the variation in the number of infested seeds according to the seed exposure time (Fig. 2a).The magnitude of 
differences in the number of infested seeds between the infestation levels increases during storage (Fig. 2b).

It was also verified that there was no variation of the seed weight when the seeds were not infested with S. zeamais, while 
for the other treatments significant losses were observed during storage (Fig. 2c). According to CARVALHO; NAKAGAWA 
(2012), the pest insects that develop in the seeds during storage can cause a lot of damage, among which weight loss stands out.
The occurrence of pest insects during storage also results in reduction of the density of the grains (VIEBRANTZ et al., 2016).

When the initial infestation was with 36 insects, the number of individuals estimated at 60 days was 85.2 and the 
average weight loss 10.5%. For the initial infestation of 144 insects, the final number of individuals at 60 days was 203.8 and 
the average weight loss was 12.43%. However, these losses are greater depending on environmental conditions and initial 
population (ALAM et al., 2019; SORI; AYANA, 2012).

The results show that an initial population of S. zeamais more than four times larger does not necessarily correspond to 
a similar weight loss. This result corroborates with CANEPPELE et al. (2003), who found that the grain weight loss almost 
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doubled to infestations with 5 to 15 insects, and with 50 insects the loss was only two and a half times and not ten times 
as can be suppose.This relationship may be associated with a possible competition between the individuals of S. zeamais 
during larval stage (GUEDES et al., 2010).

At 30 days of storage, all treatments with infestation differed significantly from the control treatment and this difference 
was accentuated in the next evaluation periods (Fig. 2d).

There were no significant differences in the percentage of germination and seedling emergence during storage of 
noninfested seeds (Fig. 3).
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Figure 3. Percentage of germination and seedling emergence of corn seeds with different degrees of initial infestation by S. 
zeamais, evaluated during storage using regression analysis (a, c) and Scott–Knott test (b, d). Means followed by the same letter in 
each storage period are not significantly different (p ≤ 0.05). Bars at the top of columns indicate the media standard error.
Source: Elaborated by the authors.

The germination percentage decreased linearly during seed storage infested with S. zeamais, regardless of the number of insects 
used (Fig. 3a). However, the reduction in the percentage of germination of stored seeds is faster when the number of individuals 
used in infestation is greater. With only 60 days of storage, seeds infested with 144 individuals already had germination rates below 
85%, out of the standard for commercial hybrid seeds. Similarly, CANEPPELEet al. (2003) found that the germination of corn seeds 
showed a high inverse correlation with the number of insects and the seeds weight loss infested with S. zeamais during storage.

Even with significant differences in the number of infested seeds at 15 days of storage, a smaller extent of damage was 
observed in seed weight loss and, consequently, no significant differences were observed from the germination test in this 
period. At 30 days of storage, significant differences were observed in the percentage of germination between the different 
infestation levels (Fig. 3b).

For the percentage of seedling emergence, there is a quadratic tendency to reduce the quality of seeds stored with 
different weevil densities. The initial infestation with 36 individuals, as well as for 72 and 108, reduced seedling emergence 
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mainly after 30 days of storage. For the highest level of infestation, 144 individuals, the seedling emergence percentage tends 
to be reduced more quickly during storage (Fig. 3c and 3d).

Storage pests can cause a reduction in the seeds physiological quality and affect the grains commercial classification 
and total loss depending on the intensity of the attack (BARBOSA et al., 2002; CANEPPELEet al., 2003).

According to CARVALHO; NAKAGAWA (2012), the damage caused by storage insects can start with injuries to the 
tegument, causing an increase in seed respiration and thus reducing its performance. Thus, it is important to adopt pest control 
measures to minimize losses by S. zeamaisin corn seeds during storage. The use of resistant varieties and botanical insecticides 
for managing of this insect pest (FRAZÃO et al., 2018; NWOSU, 2018) and radiographic analysis for a better evaluation of 
seeds (FRANÇA-SILVA et al., 2019) are innovations that can contribute to the management of pests in stored seeds.

CONCLUSION

The population increase of S. zeamais causes a decrease on the physical and physiological quality of stored corn seeds, 
but the deterioration rate does not increase in the same proportion as the weevil population growth rate.
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