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Abstract

The most important stored grain pests in
Brazil are: Sitophilus zeamais, Sitophilus oryzae,
Sitotroga cerealella and Rhyzopertha dominica.
One alternative to chemical control of stored-
product insects on small farms in the tropics are
the storage of silage prepared from triturated
whole corn and sorghum plants. This kind of food
is particularly good as animal feed, mainly for
beef and dairy cattle. Other type of silage can be
prepared from triturated and compressed whole
humid corn grain (38 % water content). The
quality preservation of the silage is based on the
process of fermentation in which does not occurs
insects and mold development. Another
alternative has been demonstrated to be efficient
is the use of diatomaceous earth, which insecticide
activity is based on physical properties. Hermetic
storage, a system based on consumption of the
oxygen by the metabolic activity of the seeds,
and under very low concentration of oxygen and
higher concentration of CO2, insect and fungus
development are suppressed. In Brazil, it is
commercially available a product called “SILO
BAG” made of a machine to load grains into a
3m diameter a plastic bag that can be 100m long
and able to store up to 200 tons of corn, soybeans,
wheat and sorghum under hermetic conditions.
In Brazil a significant proportion (from 20 to
30%) of harvested corn production is stored on
the husk by the small farmers. Good husk
protection and grain hardness have been

incorporated in the varieties to protect grain
against the stored grain pests and fungus. Another
possibility, but less effective, is the use of botanic
material that have repellent action to the pests,
as for example eucalyptus three leaves distributed
in layers between the husks.

Key words: pest control, non chemical methods,
stored grain, small farms.

Introduction

Brazil is a country that its great potential for
grain production has not been yet well explored.
The corn crop is grown al over the country and it
takes about 12 millions hectares of good land
and the annual production is around 46 millions
tons. The most corn producing states are Mato
Grosso, Mato Grosso do Sul, Goiás, Minas
Gerais, São Paulo, Paraná, Santa Catarina e Rio
Grande do Sul, that responds for about  98 % of
the national production. Although it is an
appropriate crop to use high technology and has
a potential do produce above 16 t/ha, the country
average production stays around 2.5 t / ha.

Brazil is a country of contrasts as far as corn
production. If from one side it show a vigorous
agriculture with large farms, big size pastures,
great genetic quality incorporated into seeds and
animals, high technology, big grain production,
few people involved; from the other side it shows
a very extent subsistence family farming activity
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involving more than 4,5 million people that represents
about 85 % of total farm producers. This group can
be identified by owning small piece of land or not
having land at all, with a very low capacity to invest
and apply new

Together with the effort to increase yield it is
also necessary to improve the harvest and post-
harvest technology in order to reduce grain loss.
One positive characteristic of grain is the possibility
to be stored for long period without significant
qualitative e quantitative loss. However long
storage period is possible only if good practices
like grain cleaning, drying, monitoring the
temperature and humidity and insect and mold
control are employed.

The stored grain is subjected to undergo
transformations and losses due to interactions
with physics, chemical and biological factors.
Great influence is imposed by variation of
temperature and humidity, availability of oxygen,
presence of microorganisms, insects, rodents and
birds.

Thus the development of post harvest and
storage technologies is extremely important to
grain quality preservation, especially for those
people involved on the family farming systems.
The challenge is to preserve good quality, and
maintaining the grain free insecticide residues,
and without insects, molds or micotoxins.

The alternative to store grain and animal feed
without using chemical insecticides to control
stored-product insects on small farms in the tropics,
basically are the storage of whole triturated corn
and/or sorghum matured plant silage (for beef
and dairy cattle nutrition); the storage of high
moist triturated grains silage (for swine feeding),
and storage of shelled dried grains on silos or
the storage of unhusked corn ears on different
types of bins for general animal feeding.

Harvest

The phase called pre-harvest characterizes by
a period that goes from complete physiological
maturity (grain moisture around 32 %), i.e, from
the development of a black layer in the grain up

to harvesting. Mechanical harvest is more
efficient when it is taken following grain
maturity, however harvesting grain with very
high moisture content is not recommended
because artificial drying will be necessary and
with high energy consumption.

The family farmers on the tropics usually do
not have grain dryers and must wait for the grain
to dry out on the field under the sun. The time to
wait depends on the weather and varies from
region to region. But on the “cerrado” area sun
light is very intense and corn or sorghum dries
down to 13 or 14 % fast, such that grains can be
harvested with very good quality (Santos, 1991).
In regions (South of Brazil) where temperature
is low and might rain during the period of grain
in drying, the farmers wait too long to harvest
and that brings serious insect and mold problems
that cause big grain loss (Santos et al., 1994).

Grain loss

Manual harvesting

Grain harvest in Brazil, for a large proportion
of total corn production, is made manually which
is good from the aspect of reducing grain loss
because there is very low grain loss associated
to it, but is very labor consuming (Santos et al.,
1994).

Mechanical harvesting

In the process of mechanical harvesting, in
Brazil, there have been from 4 to 10 % of grain
loss associated to it. However, this great loss can
be reduced down to 3 or 4 just by training the
machine operators on how to set the grain
harvester to the best performance as far as speed
according to the topography and overall
functioning of the equipment.

Post-harvest grain loss

Let it be considered loss during transportation
and storage.
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Transportation

Data on loss during transportation is very
scarce. It depends on the roads and the vehicles
conditions, but one study conducted in the South
region of the country concluded that
transportation loss might be ranging from 0.2 to
0.5 %, considering the distance from the farm to
the first grain receptor.

Storage

About grain loss during storage it should be
considered shelled grain storage in silos, in bag
stacks, and on the cob in wood or brick made
bins.

Grain weight loss observed on shelled grain
storage stays around 0.5 to 1 % over the year
(Santos et al., 1994). In this type of storage losses
are reduced because high technology like grain
cleaning, drying, aeration, temperature and
humidity monitoring and good insect control
practices has been applied for well trained
personnel. However grain weight loss of about
15 % has been observed when corn is stored on
corn cobs, as shown in Table 1 (Santos, 1992).
Losses in this type of storage have been so high
because it is only more recently that efficient
technology was developed aiming to solve a
problem faced by de family farmers when
attempting to store their grain.

Stored grain insect pests constitute the main
cause of loss when corn is stored on the cobs,
and it important to learn how to differentiate
them.

Important stored grain pest in the
tropics

The list of important pests is large but the
maize weevil Sitophilus zeamais the rice weevil
Sitophilus oryzae and the Angoumois grain moth
Sitotroga cerearella are the most important
considering the problems encountered by the
family farmers in Brazil. Due to the threatening
potential damage that the larger-grain-borer,
Prostephanus truncatus), can cause to stored
maize in Mexico, in Central America, in South
America like Peru and Colombia, and in African
Countries this pest deserves a great attention not
to become a pest in Brazil. In Nicaragua and in
Tanzania this pest causes up to 40 % weight loss
in corn grain stored on the cobs.

Nature os losses caused by insect
damages

The insect pests feed on grains and cause lots
of damage that can be considered from different
aspects.

Grain weight loss

According to a survey made in the state of
Minas Gerais, located in South East of Brazil, it
was observed from harvest and beginning of the
storage period (may) to August and November
and March of the following year that the insect
damage reached 17.3; 36.4 and 44.5 % of the
stored grain, respectively. To this amount of

Table 1. Damage caused to grains stored on cobs, in wood bins in the state of Minas Gerais.
Survey period

Grain loss August November March

Grain damaged by insects1 (%) 17.3 36.4 44.5
Average weight loss to each grain (%) 17.8 20.6 32.2
Weight loss relative to total stored (%) 3.1 10.4 14.3
Source: Santos, 19921. Damaged grain refers to a grain that an insect has completed its life cycle inside it.
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damage corresponded 3.1, 10.4 and 14.3 % weight
grain loss (Santos et al., 1983). Similar amount
of insect damage was also observed when a survey
was conducted in other Southeastern states like
Espirito Santo (36 %) (Santos et al., 1988a), São
Paulo (36.2 %), and in the Southern states like
Paraná (36.2 %), Santa Catarina (29.8 %) and
Rio Grande do Sul (36.2 %) (Santos, 1992).

For each unit of damaged grain by the insects
there is corresponding amount of weight loss,
varying a little bit according to the cultivar. Loss
is usually measured by weighing samples in using
laboratory scale, but when out on the field it is
hard to determine grain weight loss. Santos and
Oliveira (1991), conducted one study and created
the equation y = -0.82 + 0.284x, with R2 above
90 %, in which “x” and “y” represents the
percentage of damaged grain and the grain weight
respectively. Based on this equation Table 2 was
created. The percentage of damaged grain can be
obtained by a craterous sampling, counting and
calculation. Thus it is possible to estimate grain
weight using Table 2 when a scale is not available.

Loss of seed germination and vigor

When a primary insect pest like maize weevil
lays an egg in the grain it chose, for the most par,

the embryo region. The larvae already inside the grain
start feeding and complete its life cycle in the grain,
emerging as an adult. As a consequence of the insect
damage the seed dies or loose vigor. Table 3 shows
the effect of the maize weevil (Sitophilus zeamais),
developmental stages on the seed germination and
vigor (Santos et al., 1990).

The female makes a tiny hole to lay the egg inside
the seed causing, apparently, very little damage.
However it is sufficient to decrease germination of
the seed lot from 95 to 82 %.

The first instar larvae (5 to 10 days old) the
second instar (11 to 16 days old), the third instar
(17 to 22 days old), the fourth instar (23 to 28
days old), pupa/adult (29 to 34 days old), pupa/
adult (35 to 40 and 41 to 46 days old), caused
23, 30, 32, 60, 70, 94 and 93 % reduction in the
germination potential, respectively (Table 3)
(Santos et al., 1990).

Loss of nutritional value

In one feeding test to four different groups of
ten albino mice (Mus musculus) it was distributed
four different diets. This diet consisted of 20 %
protein and vitamin complex plus 80 % corn
flour, originated from four different levels of
insect damage and weight loss (Table 4).

Table 2. Grain weight loss in corn grain caused by insect damage.

(%) Damaged (%) Grain (%) Damaged (%) Grain
grain (x)  weight loss (y)  grain (x)  weight loss (y)
5 0.60 50 13.38
10 2.02 55 14.80
15 3.44 60 16.22
20 4.86 65 17.64
25 6.28 70 19.06
30 7.70 75 20.48
35 9.12 80 21.90
40 10.54 85 23.32
45 11.96 90 24.74
Source: Santos and Oliveira, 1991.
Equation to calculate % grain weight loss (y) : y = - 0,82 + 0,284x; where “x” and “y” represents the percentage of
damaged grain and the grain weight respectively
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The flour of Diet 1 originated from whole corn
grain without any insect damage, i.e., 0 % weight
loss. During a period of 25 days the average animal
consumption of Diet 1 was 73.70 g, and average
animal weight gain was 4,580 g that can be
considered the maximum possible weight gain
(100 %), considering the best quality of Diet 1.
While feeding on Diet 2, 3 and 4 made of flour
originated from different levels of insect
damaged corn grain the food consumption and
the animal weight gain was less. When feeding
on Diet 4 the mice ate only 46.7 g and lost 1,442 g
of the initial body weight which means 25.9 %
weight loss on 25 days (Table 4).

It is most probably that the body weight
reduction was not due to different protein or
energy levels supplied by the diets, but because
of lower consumption and lower digestibility of

the different diets. These results indicate that ration
made from insect damaged grain might not be well
accepted by mammals.

In other study, Vilela et al. (1988) observed
significant changes during “in vitro” digestibility
test of animal feed prepared with flour originated
from corn grain damaged by insects. In one year
storage it was observed a decrease from 73.30 to
29.25 % in the soluble carbohydrate content. And
the digestibility of the organic matter (DIVMO)
decreased from 78.47 to 33.30 % (Table 5). On
the other hand the proportion of protein and oil
content increased during the same period.

Loss of commercial quality standards

In Brazil, as far as the commercial quality
standards, corn grain is classified according to

Table 3. Effect of the maize weevil (Sitophilus zeamais) developmental stages on the seed germination
and vigor.
Developmental Age of Damaged Normal Abnormal Died
stages  immature (days) seeds (%)1 seedlings (%)2 seedlings (%) seeds (%)
1. Pupa/adult 41-46 87,0 02 f 04 94
2. Pupa/adult 35-40 45,5 01 f 01 98
3. Pupa/adult 29-34 11,0 25 e 27 48
4. L. 4o instar 23-28  0,0 35 d 22 43
5. L. 3o instar 17-22  0,0 63 c 17 20
6. L. 2o instar 11-16  0,0 65 c 12 23
7. L. 1o instar  5-10  0,0 72 c 12 16
8. Egg 0-5  0,0 82 b 02 16
9.  Control - - 95 a 03 02
Source: Santos et al., 1990.
1 Percentage of seeds that the insects have completed the life cycle inside; 2 Means followed by the letter are not

significantly different from one another, according to the Tukey´s Test at 5 % probability.

Table 4. Body weight gain of albino mice (Mus musculus) during a 25 day feeding on diets made of
corn flour originated from different levels of insect damaged corn grain.

Levels of insect damaged grain Average food Body weight Body weight
(% weight loss)1 consumption  (g)  gain (g)  gain (%)
Diet 1         0.00 73.70  4,580  100
Diet  2          2.5 70.33  3,283   71
Diet  3          6.8 62.50 1,887   41
Diet  4        25.9 46.71 - 1,442 - 31
1 Percentage of grain weight loss due to insect damage.
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Class 1, Class 2 and Class 3. One grain lot that
does not match with any of the defined class, can
be classified as Bellow Class if it still apparently has
good quality to allow additional cleaning to eliminate
some of defects that defined the class

One survey made in small family farms in the
Southeastern state of Parana showed that only
13 %, 13 %, 47 % of the collected samples were
classified as Class 1, Class 2 and Class 3,
respectively. The survey also showed that insect
damage was the most important parameter to
determine the classes. (Santos et al., 1988b).

Loss caused by fungus

Fungi are always present in the grains mass,
and together with the insects cause most damage
to stored grain. Fungus multiplies by spores and
the insects help to disseminate them. Fungus
development and activity is increased by
temperature, humidity, low of oxygen
concentration, impurities and tegument damage.
Thus insect infestation helps to increase the
relative humidity and cause damage to the
tegument, and consequently, fungus problem.

Contamination of grain mass and products
by insects

In addition to the physical damage to the
stored grain the insect infestation may cause

modification to the natural odor and flavor of the
grains and products. Also the presence of insect
body, fragments and excretes constitutes flour
contaminants, that may exceed the tolerant limits and
become inappropriate for human or even animal
consumption.

Alternatives to chemical control
methods

The stored grain pests are responsible for most
of the loss during grain storage. There are
different species and the technique to control
them may vary depending on the storage system.

Silage made from the whole triturated plant

Silage prepared from triturated corn and/or
sorghum plant is a very good system to store food
for beef, dairy cattle and other ruminant nutrition.
The harvest time is when the dried moisture
content of the plants is about 35 to 40 % (Cruz
et al., 2001). The harvest operation is totally
mechanic. The silage has many nutritional and
sanitary advantages. Its quality preservation is
based on fermentation that does not allow insect
or fungus development. Thus silage is an excellent
option to store animal food (protein, energy vitamins
and fibers) free of insect and fungus, and also free
of toxic residues and micotoxins.

Table 5. Changes “in vitro” digestibility test of animal feed prepared with flour originated from
corn grain damaged by insects.

                        DIVMO (%)1

Regions of May October April Average
Minas Gerais State (next year)

North 78.1 Aa 45.5 Bb 31.5 Cb 52,0
South 78.5 Aa 48.3 Ba 34.6 Ca 54,8
East 78.6 Aa 48.6 Ba 34.5 Ca 53,9
West 78.7 Aa 46.4 Bb 32.6 Cb 52,5
Source: Vilela et al., 1988.
1 Capital letters refer to regions and small letter to months. Means followed buy the same by the same type of letter are

not significant different from each other, according to Tukey´s test at 5% probability.
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Silage made from high moisture triturated
grains

This silage prepared from high moisture
content (38 to 40 %) triturated grains is different
from that made out of whole triturated plant. In
this case the grains are shelled triturated, ensiled
and fermented. This type of silage is an excellent
option to store animal food (protein, energy
vitamins and fibers) free of insect and fungus,
and free of toxic residues and micotoxins, aiming
swine nutrition (Souza, 2002).

In shelled grain storage

The best way to store dried shelled grain is in
well tight silos with thermometric and aeration
system is. The family farmers can also use
successfully this type of grain storage, using local
made silos for 100 to 200 tons capacity (Hara
and Correa, 1981; Martins et al., 2002). The
alternatives to insect control in this kind of
storage are: low temperature, use of diatomaceous
earth, fumigation with CO2 and hermetic storage.

A) Use of low temperature

The main source of grain loss is the
spontaneous heat of the grain mass. In the tropics
temperature raise is a problem. However grain
cooling might become a solution.

Due to the physical properties of the grain like
low thermal conductivity, grains offer good
conditions to be refrigerated and stay cool for
long period. In the refrigeration process the cool
and dry air is forced thought the grain mass taking

the heat air out and cooling the grain mass. The grains,
once refrigerated stay cool for long period as shown
on Table 6. In addition to reducing drying costs and
physiological losses the grain cooling is an excellent
insect control method.

The effect of grain cooling on reducing dried
matter loss can be seen in Table 6. Let’s take, for
example, 1,000 tons of grains stored at 15 %
moisture content and at 35 oC. The dried matter
loss after one month storage might be around
5.4t. If the temperature is lowed to 10 oC the loss
would decrease to 0.2 %. It shows that grain
cooling has the potential to reduce loss in about
80 t0 90 % just in one month storage, according
to Heinrich (1989).

Low temperature was more frequently used
to store high value seeds, but now days
proportionally more grains than seeds have been
stored under low temperature, and the reason is
that it is possible to buy big equipment that
produce large amount of refrigerated air with low
energy consumption. The insect biology is greatly
affected by low temperature. Most insect species
requires a temperature range between of 25 to
30 oC for optimum development. At temperature
ranging of 17 to 21 oC, the biological cycle of
important pests may take about 100 days, and
the insect multiplication is suppressed at
temperature under 13 oC. No insect control is
necessary when grain is refrigerated to
temperature bellow 17 oC.

Depending on the type of the insulating quality
of the storage structure a lot of grain with 15.5 t
17.5 % moisture content being cooled to 10 oC
will stay cooled by 10 months (Table 7),
according to Heinrich (1989).

Table 6. Effect of cooling on dried matter loss from 1,000 t storage of corn at 15 % moisture
content.

Environmental conditions Temperature Dried matter loss
Temperature – high 35    oC 0.54 % ( = 5.4 t)
Temperature – medium 25    oC 0.12 % ( = 1.2 t)
Refrigerated grains 10      oC 0.02 % ( = 0.2 t)
Source: Heinrich, 1989.
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The amount of energy to refrigerate grains
depends on the different factors like moisture
content, the relative humidity, temperature of the grain
mass and of the environment. Humid grains take less
energy to cool than dried grain. The cost of energy
in temperate zone are in the tropical are 3 to 6 and
8 to 12 kWh/t of grains, respectively (Heinrich,
1989).

B) Use of diatomaceous earth

The diatomaceous earth (DE) is a fossil taken
from the bottom of the sea, dried and grinded
(Lorini, 2003; Lorini et al., 2003). The insecticide
activity was demonstrated by Aldryhim (1990).
The diatomaceous earth causes dehydration and
death to the insects according to Banks and Fields
(1995). Pinto Jr. (1994), reported that DE was
efficient against stored grain pests of corn, wheat
and dried beans, when used at the rate of 1 kg/t
of grains.

C) Fumigation with CO2

This method is based on reduction of oxygen
concentration inside of the silo and replacement
of the internal equilibrium pressure by injecting
high concentrated CO2.  Modified atmosphere at
the concentrations of 20 to 30 % CO2 was not
totally efficient to insect control. However under
the concentrations of 50 to 60 % CO2 and 10
days exposure period the insect control was
complete, i.e., all life stages were killed. Under
the concentration of 40 % CO2 complete control
was obtained at 15 days of exposure (Table 8).

One requirement to use CO2 fumigation is a sealable
silo which is difficult to get in Brazil. Another problem
is that CO2 is very expensive.

D) Hermetic storage

The hermetic storage is a good alternative to
insecticide to control stored grain pests in the
tropics. Under very low oxygen concentration
insect or mold will not develop. In Brazil it is
possible to buy a product called “Silo Bag” made
of a thick and sun light resistant plastic that
carries a efficient closing system to warrantee
hermetic condition. The Silo Bag is filled by a
machine that pressures the grain and takes out
de air. The remaining air inter-granular is
consumed by the live seeds in its metabolic
process. The Silo Bag is available in different
capacity as shown in Table 9.

Storage on bag stacks

Storage on bag stacks on family farms can also
be successful if the storage structure is well built
and the grain moisture content must be around
13 to 13.45 %. The floor must be made of
concrete and cemented avoid humidity migration
form de soil. The ceiling should be perfect to
prevent rain drops following on the bag stacks.
The insect control should be done by CO2

fumigation or by using the diatomaceous earth
at the rate of 1kg/t of grains. The biological
control method using parasitoid has shown some
potential use.

Table 7. Secure time required to repeat refrigeration when initial temperature was 10 oC, relative to
different grain moisture content levels.

Grain moisture content levels Time required to repeat refrigeration

12.0  - 15.0 % Approximated  08 – 12 months
15.5 - 17.5 % Approximated 06 – 10 months
17.5 - 18.5 % Approximated 04 – 06 months
18.5 - 20.0 % Approximated 01 – 04 months
20.0 - 23.0 % Approximated 02 – 08 weeks
Source: Heinrich, 1989.
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Storage of unhusked corn ears in bins

From the total corn production in Brazil about
40 % is stored on farms (Santos et al., 1994) in
bins made of different materials. Good husk
cover and grain hardness provides some
protection against stored grain pest infestation
Table 10. On the other hand the open tip corn
ears) favor the insect infestation. To complement
the husk protection the diatomaceous earth mixed
with the ears (1 kg/3 m3 of corn ears) or eucalyptus
trees leaves at every 25 to 30 cm high layers of
corn ears can be used. Also the use of essential
oil extracted from the eucaliptus trees leaves
might be an alternative use as a repellent to the
insects Table 11. (Prates and Santos, 2002).

The storage of corn ears with the husk has
always been used in Brazil by the small family
farmers.

Although this is a very rustic process it has

Table 8. Efficacy of CO2 to control Sitophilus zeamais infesting corn grains under a 96 hours
fumigation period.

            CO2 concentration in the atmosphere (%)
Life stages 10 20 30 40
Egg 24.10 49.60 60.80 76.10
Larva 62.27 72.55 76.54 90.22
Pupa 71.95 76.21 77.93 80,15
Adult 71.91 85.96 98.77 100.00

Table 9. Characteristics and capacity of the Silo Bags for hermetic grain storage in Brazil.

Characteristics Specifications
� Filling time 200 a 220 tons per hour
� Required tractor power 45 a 65 HP
� Equipment weight 1,700 kg
� Diameter of the grain transporting device. 320  mm
� Plastic Bags (200 a 220 tons capacity) 2,7 m diameter by 60m lengh

Table 10. Effect of husk cover on insect infestation and damage to the grains at different periods of
storage.

         Evaluation period a % of damage
Nº Treatments July October December February

(type corn ears) (Harvest) (next year)
1 Good husk protection (GHP) 0.50 1.60 8.30 14.00
2 Control1 1.50 5.90 16.00 26.80
1 Treatment made of mixed ears.

some advantages:
a) It is a way to store grain that allows farmer

to harvest corn with moisture content of about
18 % and let finish drying inside a well aerated
bins;

b) Most of the family farmers raise beef and
dairy cattle that feed on the whole ground corn
ear;

c) In the unhusked corn ears storage usually
there are not fungus and micotoxins problems.

d) When the small farmers do not use any
insect control method, the good husk cover and
grain hardness provide some protection against
stored grain pest infestation.

But also there some disadvantages like:
a) Insect control is more difficult
b) It requires more space because of large

volume stored,
c) It more labor consuming to take care of the

grain.
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4 + 6 26.5   93.4 100.0   20.0
2 + 8   3.5   35.6   90.0   0.00
1 + 9   0.0   30.4   00.0   0.00
1 Data corrected according to the Abbott formula.
2 Proportion of oil to acetone.
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