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Correlation between the infestation level of Sitophilus zeamais
Motschulsky, 1855 (Coleoptera, Curculionidae) and the quality
factors of stored corn, Zea mays L. (Poaceae)!
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ABsTRACT. This experiment was carried out in order to evaluate the effect of Sitophilus zeamais on physical, physiological
and sanitary quality of stored corn. Samples of 500 g of the hybrid OC-705, in three replicates, were conditioned in glasses
covered with a screened lid, and kept in chamber at 25+2°C, 70+5% RH and 12 h of photophase, for 150 days. The
infestation levels were 0, 5, 15 and 50 adults/replicate, for the storage periods of 30, 60, 90, 120 and 150 days. The
moisture content, classification, weight loss, germination and internal infestation were evaluated monthly. Significant
inverse correlations were verified between the number of insects and both the germination and the weight loss; also between
the internal infestation and the germination and the standard type. The presence of S. zeamais showed a positive
correlation with the weight loss, what means that the internal and external infestations contribute to the reduction of
physiological and physical quality of corn seeds. The mean dry matter loss was 0,36%/day, corresponding to a consumption
of 0,0001%/insect/month. As the result of those damages, the product suffered reduction of the commercial grade in 30

days, with significant loss in all quality factors.

Keyworps. Maize weevil ; quality factors; stored corn; commercial grade.

INTRODUCTION

Corn productionin Brazil represents 38% of thetotal cereal
grainsand oil seeds produced in the country, with 33% growth
in the last five years positioning the country on the second
placein theworld ranking (Conas 2002). Theincrement began
with the selection of better hybrid seeds, appropriate
fertilization, weed control, good harvesting practices,
transportation, drying and storage.

Grain quality isrelated toitsappearance, uniformity, sanitary
condition, nutritional status and industrial characteristics.
Damages caused by insects, moldsand mishandling result into
losses of quality and quantity during storage. Such losses are
frequently not precisely estimated because of the difficulties
involved in such endeavor. The grading system is based on

discreet measurements of quality, with little attention giving to
the quantity losses (KENKEL et al. 1997).

The insect damages on stored products consist mainly on
the reduction of dry matter, food contamination with live or
dead insects, dejection and fragments, and depreciation of the
nutritional and commercial values of the end products. The
food industry adopts rigid standards concerning the presence
of liveinsectsand their fragmentsin all kinds of foods.

Faront (1992) comments that one larva of the rice weevil
Sitophilus oryzae Linnaeus, 1763 (Coleoptera, Curculionidag),
during its growth, metabolizes about 14 mg of asingle wheat
kernel into carbon dioxide, water, heat and excrements, and the
insect consumes about two thirds of the endosperm.

The elevation of moisture content and temperature of the
grain mass is generally a result of the metabolic activity of
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insects (Puzzi 1986) and molds that are usually associated to
insectsand mites (Lazzari 1997).

The management of quality should consider temperature
variations, insect population fluctuation and type of damages
in order to establish an appropriate control (SUBRAMANYAN &
Hacstrum 2000).

Thisresearch had the objective of measuring theimpact of
different infestation levels of the maize weevil, S. zeamais, on
the overall quality of stored corn, considering moisture content,
internal and external insect infestation, weight loss, and grain
grading factors.

MATERIAL AND METHODS

Glass vials with 500 g of hybrid corn seeds (OC-705 -
intermediate hardnesskernel group, with 10% moisture content),
covered with a screened lid, in three replicates, were used to
compose the treatments. Theinfestation levelswere: 0, 5, 15,
and 50 adults of non sexed S. zeamais per replicate for the
periodsof 30, 60, 90, 120 and 150 days. Theviaswere placed
randomly in an environmental chamber, at 25+2°C and 70+5%
relative humidity (RH) during 150 days.

Themoisture content (M C%) of seedswas determined with
samples of 5 g in three replicates, at 105°C for 24 h. For the
germination tests, four replicates of 50 seedswere set on awet
paper roll and placed in agermination chamber at 25°C, with
readings at the fourth and seventh days (BrasiL 1992).

Internal infestation was evaluated based on the standard
seed analysis established by BrasiL (1992), in two replicates of
100 kernels, submerged in water for 24 h, then cut longitudinaly
to evaluate the presence of insect stages.

Theexternal infestation was eval uated through sieving with
12, 18, 20 and 30 mesh, counting and discarding the insects
(InstiTuTo ADOLFO LUTZ 1985).

For grain grading (insect damaged kernels - IDK, moldy
kernels and the type ), 250 g seed samples of each treatment
were eval uated, based on Norm 845 - 8/11/1976 ( BrasiL 1976).

Weight loss was determined by three different techniques:
a) PI: Method proposed by Harris & LinbsLap (1978), based
on gravimetric test that counts and weighs damaged and non
damaged seeds (two replicates of 100 seeds), and the values
applied totheformula

Ndx Pnd Pdx Nnd
(Nd+ Nnd) x Pnd
Nd = number of damaged kernels
Pnd = weight of non damaged kernels

Pd =weight of damaged kernels
Nnd = number of non damaged kernels

% Weight loss = where:

b) PIl - CompToN et al. (1998) method, it uses the modified
gravimetric method, counting damaged grai nsand weighing of
thefinal sample, using theformula:
Pnd - Pfa
Pnd

where:

% Weight loss =
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Pnd = weight of non damaged kernels
Pfa=fina weigh of sample

c) PIlI - Difference of Weight, where samples of kernelswith
different infestation levels are sifted to separate seeds, insects
and powder. After insect counting, seeds and powder are
weighed on a precision scale. Moisture content of seeds was
determined as described previously to calculate the weight
loss based on matter lost at each evaluation date.

The statistical design was completely randomized in a
factorial outline (4 x 5) with three replicates, being four
infestation levels of S. zeamais (0, 5, 15 and 50) and five storage
periods (30, 60, 90, 120 and 150 days). The datawere analyzed
separately by variance analysis, and comparatively by themean
analysis of Pearson’s correlation. The variables MC%,
germination, molds, losses (PI, PIl, PII) and grain type were
transformed to arcsin Ox/100; theinternal and external insect
infestation to log x. The means were compared by the Tukey
test at 5% of probability.

RESULTSAND DISCUSSION

Considering the physical and physiological parameters, on
Tablel, it can be noticed that MC% was positively correlated
to the number of insects and weight loss by the three
determination methods (PI, PIl and PI1). According to Howe
(1973) and Puzzi (1986), theincreasein MC% andin IDK may
be due to the galleries that expose the endosperm allowing
moisture absorption by hygroscopic carbohydrates. While
weight loss may result from increasing humidity that causes
fungus proliferation and dry matter loss.

On Table I, one can observe that when insect population
increases, the MC% of seeds increases, proportionaly to the
infestation level. After 150 days of storage, the M C% that was
initialy of 10% went upto 14% (5insectsivid); 20% (15 insecty
vial) and 24% (50 insects/vial). These data demonstrate the
effect of metabolic activity of insects and molds on the content
of water of corn seeds, asverified by CHRISTENSEN & KAUFMAN
1969; Howe 1973; MaTioLi et al. 1979 and Lazzar 1997.

Germination presented high inverse correlation with the
number of insects, with internal infestation and with weight
loss by the three determination methods (Table I). MaTioL et
al. (1979) working withthericeweevil S. oryzae incorn, verified
that the population size and the storage period are the factors
that havethe highest influence on seed germination. According
to HaLL (1971), insect internal infestation affects the
physiological quality of seeds because most insect species
feed preferentialy on the tender and high proteic embryo.

Concerning the changes on quality grading and to the
economic losses, it isobserved, on Tablel, that the number of
insects presented a positive correlation with the calculated
weight loss.

Tableslll and IV and Figure 3A show that by the end of 150
days of storage, for the level of 5 insects/via, the final insect
population was 629 individuals and the weight | oss averaged
43,9; 30,1; and 58,4 g, respectively by PI, PI1 and Pl methods.
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Table 1. Coefficients of simple correlation (r) among the variables analyzed to evaluate physical, physiological and sanitary quality of corn seeds
(hybrid OC-705) and different infestation levels (0, 5, 15, and 50) of Sitophilus zeamais, at 25+2°C, 70+5% RH and photophase of 12 h.

Variables M MC IDK TP INS A P Pl INF G
M 1,0000

MC 0,7516 1,0000

IDK 0634 06119 1,0000

TP 05217 06160 08751 1,0000

INS 0,8468 0,8887 0,7778 0,7663 1,0000

A 08675 09177 0,7474 07234 09513 1,0000

Al 0832 09201 0,7377 0,7493 0,9657 0,9508 1,0000

Al 08484 09246 08721 0,7443 0,9553 09414 09813 1,0000

INF 06700 0,7709 08525 09143 0894 08729 08713 08557 1,0000

G 0,7327 -0,8416 0,529% 08415 09484 09147 09164  -08997 -0,9557  1,0000

M = Molded seeds; MC = moaisture content; IDK = Insect damaged kernels; TP = commercia type; INS = number of insects; Pl = weight loss according
to Harris & LinpBLaD (1971); PII = loss according to COMPTON et al. (1998); PIlI = loss for weight difference; INF = internal infestation; G =

germination values significant at 1% of probability.

For 15 insects, the final number was 1215 individuals and the
averageweight losswas 85,1; 69,6; and 93,0 g. For 50 insects,
ending with 1541 individuals, the averagelosswas 114; 90,1;
and 133,0 g, by the three methods.

Therefore, the data show that a popul ation of insectsthree
or 10 folds higher does not necessarily correspond to aweight
loss of the same order. From 5 to 15 insect infestation, weight
loss almost doubled, but with 50 insects (10 times more) the
losswas only two and a half folds and not 10 times as one can
suppose. That informationis of great importance for managing
stored grains and to maintain product quality.

Although different values were obtained by the methods
adopted to evauate weight losses, the three of them can be
regarded asreliabletowardsthis purpose. However, the method

PI1 by ComproN et al. (1998) was more consistent and does not
superestimate losses as the others do. Thus, it should be
adopted besides one of the others to determine weight losses.

Grain grading was correlated to external and internal
infestations of kernels, expressing numerically that the higher
the insect infestation the greater the changes in commercial
standards; it means that insect infestation lowers the grain
type. The number of damaged kernels showed ahigh negative
correlation with the percentage of germination and a positive
correlation with grain type. Thus, insect infestation reduces
significantly the physiological quality of corn seedsand affects
thecommercia graingrading.

Inrelation to sanitary quality (Tablel), apositivecorrelation
between the presence of fungi and insects was observed,

Table II. Mean values of moisture content (MC% - wet base), germination, internal infestation and presence of molds in samples of 500 g of corn
seeds (hybrid OC-705) with different levels of infestation of Sitophilus zeamais, for 150 days; at 25+2°C, 70+5% RH and photophase of 12 h.

Period Moisture content (MC%) Germination Internal infestation Molded kernels
@9 (%) (%) (%) (%)
0 5 15 50 0 5 15 50 0 5 15 50 0 5 15 50
0 10Aa 10Aa 10Aa 10Aa 96Aa 98Aa 97Aa 98Aa 0,0Aa 0,0Aa 0,0Aa 0,0Aa 2,56Aa 3,73Aa 2,72Aa 3,05Aa
30 11Aa 11Aa 11Aa 11Aab 95Aa 91Aa 94Aa 94Aa 0,0Aa 58Aa 7,3Aa 10,5Aab 3,66Aa 4,03Aa 4,80Aa 3,57Aa
60 11Aa 11Aa 11Aa 11Aab 95Aa 94Aa 89Aab 78Aa 0,0Aa 8,0ABa 12,8ABa 28,2Bb 2,46Aa 3,38Aa 2,35Aa 2,36Aa
90 11Aa 11Aa 12Aab 13Aab 94Aa 81Aba 66BCb 47Cb 0,0Aa 41,0Bb 51,0BCb 72,0Ccd 3,89Aa 2,82Aa 2,44Aa 2,40Aa
120 11Aa 12Aa 14Ab 15Ab 96Aa 56Bb 34Bc 41Bb 0,0Aa 49,0Bb 78,0BCc 71,0Cc 2,71Aa 1,94Aa 15,49Bc 38,67Cb
150 10Aa 14Aa 20Bc 24Bc 95Aa 51Bb 14Cc 08Cc 0,0Aa 61,0Bc 90,0Cc 97.0Cd 3.36Aa 4,23Aa 27,46Bd 37,40Ch
SMD 7,1 24,2 0,4 7,7
eV 6,75W 10,67 16,20 15,50

(%)

Means followed by the same letter - capitals in the lines between the parameter, and lower cases in the columns among the time periods, do not differ

from each other by the Tukey test, at 5% of probability.

SMD - Significant Minimum Difference for the mean comparisons.
CV - Coefficient of Variation

(1) data transformed to arcsin OX/100

(2) data transformed to log X
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Table I11. Mean values of the number of insects, standard type, and insect damaged kernels in samples of 500 g of corn seeds (hybrid OC-705), with
different infestation levels of Sitophilus zeamais, for 150 days; at 25+2°C, 70+5% RH and photophase of 12 h.

Period External Infestation Standard Insect damaged kernels
(days) (n° insects) type (%)
0 5 15 50 0 5 15 50 0 5 15 50
0 OAa 5Aa 15Aa 50 Aa 1Aa 1Aa 1Aa 1lAa 00Aa 0,0Aa 0,0 Aa 0,0 Aa
30 O0Aa b5Aa 15Aa 50 Aa 1Aa 1Aa 2Bb 2Bb 00Aa 245Aa 452 Aa 8,18 Aab
60 OAa 27Aa 71Aa 151 Aa 1Aa 1Aa 2Bb 3Cc 00Aa 306Aa 1284ABa 19,61Bb
90 O0Aa 153Ba 212BCa 467 Cb 1Aa 4Bb 4Bc 4Bd 00Aa 539Aa 34,17Bb  49,49Cc
120 0Aa 429Bb 633Bb 899Cc 1Aa 4Bb 4Bc 4Bd 0,0Aa 59,06Bb 80,36Cc 78,29 Cd
150 0Aa 629Bb 1215Cc 1541 Dd 1Aa 4Bb 4Bc 4Bd 00Aa 4566Bb 5635Bd 51,18Bc
SMD 0,39 0,35 16,0
cv 1 2 2
(%) 7,399 6,20 20,1

Means followed by the same letter - capitals in the lines between the parameter, and lower cases in the columns among the time periods, do not differ

from each other by the Tukey test, at 5% of probability.

SMD - Significant Minimum Difference for the mean comparisons.
CV - Coefficient of Variation

(1) data transformed to log X

(2) data transformed to arcsin OX/100

corroborating with DunkeL (1988), who confirms this fact,
mentioning that such association improve the conditions for
development of these organisms. On Tablell, it can be observed
that mold damage increased with insect infestation, agreeing
with Lazzari (1997) and BeTi et al. (1995), who mentioned that
insects can disseminate mold spores on grain mass causing
weight loss. CHrISTENSEN & MERrRoNUck (1989) also affirm that
the weight loss in corn can be due to the invasion of molds,
being accentuated with theincrease of humidity and the storage
period.

Insect damaged kernelsand mold damaged kernelschanged
corncommercia grade (type) in 30 daysof storagewheninfested
with 15 and 50 insects/450 g of corn. By the 90" day, the product
was classified as down graded, and the sample should be

rejected according to the Brazilian standards (BraziL 1976).
Consequently, physical losses can result in a substantial
economic losswith the rejection of the product (JoroAo 1974;
BoxaLL 1986; AeimiLHo 2002).

Physical, physiological and sanitary quality losses caused
by 15 and 50 insects become significantly accentuated after
the 90" day. Internal infestation with 5, 15 and 50 insectsin
each treatment was significantly different by the 60" day, while
the grain type was already downgraded by the 30" day with 15
and50insects(Tablesll, 111, 1V). After 120 daysfrom treatment
there was no significant difference between the infestation
levelswith 15 and 50 insectsfor most parameters(Tablesll, 111
and V). It can be observed that infestation by S. zeamais has
anoticeableimpact on every grading factor and affectsoverall

Table IV. Mean values of weight loss (PI, PlI, PlI1) in samples of 500 g of corn seeds (hybrid OC-705) with different infestation levels of Sitophilus

zeamais, for 150 days; at 25+ 2°C, 70+5% RH and photophase of 12 h.

Weight Loss | Weight Loss Il Weight Loss Il
Peri (HARRIS & LinDBLAD 1978) (Cowmpron et al. 1998) (Weight difference)
eriod o (%)
(days) (g) (/0)
0 5 15 50 0 5 15 50 0 5 15 50
0 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 0,0 Aa 00Aa 00Aa 00Aa
30 0,0 Aa 0,35 Aa 0,34 Aa 0,80 Aa 0,0 Aa 0,41 Aa 0,68 Aa 0,75 Aa 00Aa 18Aa 31Aa 34Aa
60 0,0 Aa 0,76 Aa 1,16 Aa 2,32 Aa 0,0 Aa 0,74 Aa 1,33 Aab 1,99 Aab 0,0Aa 33Aa 60Aa 89 Aa
90 0,0 Aa 2,34 Abab 25,2 Aba 5,36 Ba 0,0 Aa 4,71Bb 591Bb 574Bb 0,0 Aa 21,2Bb 259Bb 29,5Bc
120 0,0 Aa 6,29 Bb 10,04 Bb 15,18 Ca 0,0 Aa 5,37 Bb 11,94 Cc 14,42 Cc 0,0 Aa 242Bb 49,6 Cc 64,9 Dd
150 0,0 Aa_ 6,83 Bb 15,46 Cc_ 20,19 Cb 0,0 Aa 12,98 Bc 20,65 Cd 29,49 Dd 0,0 Aa 43,4Bc 93,0Cd 133,0 De
SMD 1,22 0,83 1,29
cv
20,17 12,410 10,400

(%)

Means followed by the same letter - capitals in the lines between the parameter, and lower cases in the columns among the time periods, do not differ

from each other by the Tukey test, at 5% of probability.

SMD - Significant Minimum Difference for the mean comparisons.
CV - Coefficient of Variation

(1) data transformed to arcsin OX/100
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Fig. 1. Effects of the storage period and infestation level of Sitophilus
zeamais (axis X) on (axis y): A) moisture content (MC%) and B) number
of adults related with molded seeds, of corn seeds (hybrid OC-705), fop
150 days; at 25+2°C, 70+5% RH and photophase of 12 h.
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Fig. 2. Effects of the storage period and infestation level of Sitophilu;
zeamais (axis xX) on (axis y): A) germination and B) internal infestation
of corn seeds (hybrid OC-705), for 150 days; at 25+2°C, 70+5% RH and
photophase of 12 h.
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Fig. 3. Effects of the storage period and infestation level of Sitophilus
zeamais (axis x) on (axis y): A) Dry matter loss and B) Infested damage
kernel related with commercial grade of corn seeds (hybrid OC-705); for
150 days; at 25+2°C, 70+5% RH and photophase of 12 h.

quality.

Theregression analysisindicated el evation of the humidity
under theinfestation levels 15 and 50, starting from the 90" day
of storage, with increasing insect number and high incidence
of molds (Figure 1A and 1B). These results agree with Howe
(1973), who observed a higher MC% in grains infested by
insects, and with MaTioLi et al. (1979) who attributes this fact
to the extensive exposition of the endosperm to insect attack
and favorsthe devel opment of microorganismson the kernels.

Internal infestation resulted in a progressive reduction of
germination directly proportiona to the infestation level and
to the storage period (Figures 2A and 2B). According to HALL
(1971), the tender germ is more susceptible to insect attack.
Thedry matter losswasdirectly proportional to the number of
insects inside the kernel, what downgraded the samples
(Figures 3A and 3B). The internal damages affect the
physiological quality and, when they become apparent under
theform of galleriesand holes, they result inthe IDK damage
that indicatesthe loss of physical quality. DupcHak (1997) and
ATul (1998) observed that the larger the grain infestation the
higher was the number of fragmentsin the final product, and
thelower the quality.

CONCLUSIONS

1. Thequality factors of stored corn are significantly reduced
with theincrease of S. zeamais infestation.

Revista Brasileira de Entomologia 47 (4), 2003
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2. The increasing percentage of insect damaged kernels
caused by 15 and 50 insectsbringsdown the commercial qudlity
or sample grade of corn in 30 days and the samples are down
graded in 90 days.

3. The average dry matter loss of 0,36%/day corresponds
to aconsumption of 0,0001%/insect/month, after 150 days.

4. The internal insect infestation affects the seed
physiological quality reducing germination.

5. The infestation with 15 or more adults of S. zeamais
elevates the seed moisture content that favorsthe proliferation
of molds by the 90" day.

6. The infestation of stored corn by S. zeamais, even in
small population, affectsevery grading factor, and consequently
the overall quality of the grain along to the storage period.
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