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ABSTRACT

Bugs are pest insects that, when not adequately controlled, may cause significant losses in the soybean crop. Their
damage to grains compromises delivery in the storage unit and storage success. Thus, the objective of this study was
to evaluate, during storage, the effect of temperature and moisture content on soybean grain quality with high damage
caused by bugs in the crop. The experiment was set in a completely randomized design with a 2 x 4 x 5 factorial design,
with two moisture contents1175 and 13.84% (W.)), four storage temperatures (20, 25, 30 and 35 °C), and five evaluation
periods (0, 2, 4, 6 and 8 months). The percentage of damaged/fermented, damaged, fermented, broken grains, and
electrical conductivity were analyzed. It can be inferred that bug-damaged soybean grains have reduced quality when
stored at higher temperatures and for more extended periods. It is not recommended to store bug-damaged grains in
moisture contents of 13.84%.(w) at temperatures above 30 °C for longer than four months. Grains stored at 35 °C when
not damaged by bugs, ferment after six months of storage. Bug-damaged grains evolve to fermented grains during
storage.
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INTRODUCTION secretions intdte seeds and ingest the food paste formed
c}?y the salivary enzymes (Depieri & Panizzi, 2011).

The rules for commercialization and care according to
the destination of the product are different for seeds that
. ; L are marketed for field production, and those intended for
out as the leading agricultural commodity in the CountrMuman food as raw material for industries, which in this
today (Conab, 2019). . . '

) ) o ) case are commonly denominated grains.

Until harvest, field soybean cultivation is subject 10 gefore delivery in the storage, the grains are classified
attack by pests that can damage seed structure. Th&ording to the commercial soybean standard of the
species complex, including defoliating caterpillars a”@ountry regulated by Normative Instructions Nd. af
bugs are the primary pests of soybean crops. When mgy 15,2007 (IN 11/2007) and No. 37 of July 27. 2007 (IN
properly controlled, those insects can cause significag¥/2007) of the Ministry ofgriculture, Livestock, and
economic losses (Bortadt al., 2012). Bugs feed directly Supply (Brasil, 2007a; Brasil, 2007b). Those instructions
on seeds, causing damage through pod abscission atdeesrmine defects, rules, and limits for the marketing of
early development of these organs, which causes wrinklisgybeansAmong the main faults are burnt, moldy
and deformation (Maziewt al., 2009). They inject salivary fermented, daaged, immature, and sterile grains.

Brazil has shown a rising performance in terms
productivity and yield ofoybean cropGlycine max (L.)
Merrill], in recent years (Gazolla Netbal., 2015), standing
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Damage can make grains susceptible to reduced quality The soybeans had an initial moisture content of
and rejection by the storage unit. Most of the graink3.84% on a wet basis -twAfter that, the total mass was
produced in the crop are stored before crushing, whed&ided into two samples, one part subjected to drying
there may be a natural reduction in physical, chemicalutdoors in a yard on plastic canvas in the sun, to reduce
physiological, and/or sanitary qualities and result in lowhe moisture content up td.75% whb., and consequently
commercial value to the product. the water activityto be stored later with safety

In some Brazilian regions, environmental conditions A mass of 0.75 kg the soybeans were packed in high-
are adverse for grain and seed storage due to higénsity polyethylene (HDPE) packages and then stored
temperatures that may be associated with high relatif@ eight months at four temperatures (20, 25, 30, and 35
humidity (Carvalhat al., 2014). Therefore, itis crucial to °C) and two moisture contentsl(¥5 and 13, 84% W.).
study the storage conditions to know the best way fthese packages hermetic were used to achieve reduced
keep the product for a long time without losing its essentialater vapor changes since the permeability rate of the
characteristics to the final destination of the grains. HDPE used in the experiment is 0.02 g watEr(Bessat

Thus, the objective of this study was to evaluatel., 2015). The samples were stored in BOD (Biochemical
during storage, the effect of temperature and moistu@xygen Demand) chambers set at different temperatures
content on the quality of soybeans with high damagend, only open in previously determined evaluation

caused by bugs in the crop. periods.
Temperature and relative humidity inside the BOD were
MATERIAL AND METHODS monitored employing a digital thermo-hygrometer

This study was carried out at the Post-Harvesecording them every 10 min during grain storage, shown
Laboratory of Plant Products (in Portuguese, LPCPV) af Table 1.
the Federal Institute of Education, Science and The moisture content of soybean grains was
Technology Goiano (IF Goiano) - Ri@rdecampus. determined through gravimetry (Brasil, 2009), in a forced
Soybean grains of 2014/15 crop from commercial crogsr circulation oven for 24 h at 105 + 3 °C.
that were attacked by bugs were collected in March 2015. Electrical conductivity was performed according to the
The grains showed around 30% of the mass with damagethod described byieira & Krzyzanowski (1999), and
caused by the bugs. The grains were processed in 3tB@ reading was performed using a CD 850 digital
mm circular classification sieve and 3.00 x 22.00 mm oblor@pnductivity meter
sieves for cleaning and separation of impurities. These The experiment was carried out using a completely
grains were classified as group Il which, according to Nlandomized design, and the results were analyzed using a
11/2007 (Brasil, 2007a), are intended for other uses, whietx 4 x 5 factorial scheme, where it was used two moisture
will not be consumed in fresh. contents, four temperatures, five evaluation times in three
Soybean grains were classified during each storageplications. In relation to moisture content factibie
period by a qualified technician at the Ministry ofmeans were compared using the test of Tukey adopting
Agriculture, Livestock, and Supply (MA®, according the 5% significance level. Regarding time fagtor
to official standard ruled by Normative Instruction Noregression analysis was done. For the variables that
11/2007 (Brasil, 2007a). obtained interaction of the three factors, mathematical
The samples were evaluated every two monthaodels based on the response surface were adjusted, and
through analysis of the moisture content, electricahe models were selected based on the significance of the
conductivity and oficial grain classification, where equation by the F test, adopting the 5% significance level,
damaged grains, damaged grains showing a dark borderthe coefficient of determination{Rind knowledge of
considered fermentation by the official classifiershe evolution of the biological phenomenon.
(damaged/fermented) and fermented grains that had no The normality of the variables where all were normal
bug damage were detected. The percentage of toteds analyzed through the ShapirolWest with the aid
damaged grains was also performed. of theAction Sat software.
In the method used to analyze the conditions of the
soybeans to be delivered, the total percentage of dama&ﬁSULTSAND DISCUSSION
grainsis divided by “4”. Damaged grains that are fermented According to the summary of the analysis of variance
are added to the fermented grains without division. In thfsr the analyzed variables showrilable 2, there was an
work, the percentage of damaged/fermented grains wiaseraction of the initial moisture content x storage time.
described and considered as an independent variable Farr the electrical conductivifypercentage of total
the analysis of the phenomenon that occurs with piercddmaged grains, percentage of damaged grains, damaged/
grains caused by bugs in the field. fermented grains, and fermented grains, an interaction of
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the three factors, initial moisture content x temperaturerroisture content during storage. On the other hand, grains
time, also occurred. stored with 13.84% (W.) not showed fluctuations in

Soybeans grains were stored in initial moisture contentoisture content, so it was not statistically possible to
of 11.75% (wb.) near 12.0% (W.) recommended for safe mathematically represent the phenomenon. Both the
storage (Smaniottet al., 2014) and 13.84% () near reduction in moisture content during storage and its
maximum moisture content of 14.0% oW established for oscillation are common behaviors when it comes to
product classification (Brazil, 2007a). The use of twdiological and hygroscopic producérgolinoet al. (2016)
moiture content conditions aims to meet a technical archd Smaniottcet al. (2014) observed a reduction in
commercial recommendation for culture in Brazil. Moistursoybean moisture content as a function of period and
contents differed in all storage periods, and it was possitdtorage. In contrast, Bessal. (2015) did not observe
to evaluate the difference in grain condition throughouhodel adjustment for the moisture content of crambe seeds
storage (@ble 3). stored in HDPE packaging.

It was observed that the moisture content of grains According to Smaniottet al. (2014), the variation in
stored with 1.75% (wb.) decreased linearly during storagemoisture content may be related to the permeability of the
(Equation 1) but with an angular coefficient of 0.079, whiclpackaging used for the storage of grains and seeds, which
represents the low slope of the line and small variation are hygroscopic materials and subject to sorption pro-

Table 1 Means of temperature and relative humidity with the respective BOD standard deviations set at 20, 25, 30, and 35 °C during
storage

t@age Temperatures (°C)

Means 20 25 30 35
Temperature °C 21.02 +2.15 2521 + 1.66 29.09 + 0.47 34.35 + 0.82
Relative humidity (%) 75.69 + 12.28 47.46 + 16.62 45.46 + 12.66 30.60 + 17.47

Table 2 Summary of analysis of variance with values of the mean square of variables initial moisture content (MC), electric
conductivity (EC), total damaged grain percentage (TDG), damaged grain percentage (Dam), damaged/fermented (Dam/Fer) and
fermented (Fer) of soybean grains damaged by bugs in the crop at different storage conditions

sv DF MC EC TDG Dam Dam/Fer Fer

(Y%ow.b.) (S cm'g?) (%) (%) (%) (%)
MC 1 159.38 2.11x10™ 1,879.3%4 0.99%s 1126.45 75.3"
TPE 3 0.048° 8.93x10™ 1,487.76 33.71 1299.15 75.3"
TP 4 0.63 9.87x10™ 967.59 46.86" 732.38 49.4"
MCXTPE 3 0.05° 3.60x16™ 522.10 6.90" 290.67 75.3"
MCXTP 4 0.38 5.31x1G" 330.76 9.74 224.2T 49.4"
TPEXTP 12 0.03° 9.90x1G™ 42817 6.23 288.68 49.4”
MCXTPEXTP 12 0.07s 974.87 172.65 2.24 77.59 49.4"
Residue 80 0.033 45.42 3.53 0.42 3.00 0.07
CV% 1.44 4.06 10.62 10.54 16.16 32.59
Mean 12.60 165.82 17.70 6.17 10.73 0.79

SV: source of variation; DF: degree of freedom; MC: moisture confERE: temperature7P: time; CV coeficient of variation.
“Significant at 1% by the F testSignificant at 5% by the F test? Not-significant. TDG: sum of the damaged/fermented grains, damaged
grains, and fermented grains.

Table 3 Means of moisture content (%ha) in soybean grains stored afeliént moisture content as a function of the storage period

Moistur e content (% wb.)

MCi Sorage period (months) Equation

0 2 4 6 8
12 11.75a 11.48a 11.66 a 1131a 11.04a MC =-0.079t+11.765; R2=0.7834 (1)
14 13.84b 13.70b 13.74 b 13.76 b 13.70 b NS

Equal letters in the same column are not different from each other by the test of Tukey at 5% of significance. MCi: Initial moisture
content. MC: Moisture content. NS: not significant; t: storage period, months.
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cessesAlso, moisture content always tends to balanceromote the oxidative and hydrolytic rancidity of soybean
with temperature and relative humidity of the storageil, darkening of the grains and reduction of unsaturated
environment. fatty acids, which play an important nutritional role
Grains stored in 13.84% moisture contenb(nitially ~ (Pohndorfet al., 2018).
presented a higher percentage of total damaged grainsAs temperature and time increased, the percentage of
(Table 4). Howeverfor both 1..75% and 13.84% moisture total damaged grains also increased (Figure 1). These
content, grains were classified as non-standard, agesults corroborate those obtained\sncaret al. (2009)
maximum of 8% damage grains are allowed fowho stored soybean grains in moisture contents of 11.2,
commercialization and delivery (Brasil, 2007a). In thd2.8 and 14.8% (W.) at temperatures of 20, 30 and 40 °C
second and fourth months, no difference was found, whand observed that the grains stored at 12.8 and 14.8%
compared to grains stored with lower moisture conterghowed 8.11 and 8.61% of damaged grains at 40 °C, from
except for the fourth month at 35 °C, when grains storekB5 and 90 days, respectivelyere considered bthe
with moisture content of 13.84% (w) showed 8.66 basic commercialization standafd.180 days, the grains
percentage points higher than grains stored with moistustored in the highest moisture content had 14.31% of
content of 1.75% (wb.). This behavior may be associateddamaged grains.
with the stress condition to which the product was Grains stored at 13.84% .{w) showed higher magni-
submittedAradjoet al. (2017), when studying the quality tudes (Figure 1B) in the percentage of total damaged grains
of stored soybean grains at temperatures of 17-20, 25-@®8 TDG) compared to those stored &t76% (wb.) (Figu-
and 30 °C, observed the occurrence of moldy grains frora 1A), confirming that the 13.84% () water is
the first month of storage at the highest temperature, withadequate to store soybeans for long periods under these
a significant increase of fermented grains at higbonditions, corroborating with Smaniottbal. (2014),
temperatures from the third month. where they recommend storing soybeans for tropical
In the sixth and eighth month, there was no differenasonditions in 12% (w.). According to Carvalho &
in the percentage of total damaged grains in grains stofddkagawa (2012), higher moisture content promotes a rise
at 20 °C. In the other storage temperatures, the grain stonedemperature and the respiratory activity of seeds, as
in 13.84% moisture content (w) showed more significant well as of the microorganisms.
damage, especially the eighth storage period, at 35 °C Regardless of the initial storage moisture content, as
when the grain at the highest moisture content was 83.5@&tmperature increased, an increase of % TDG occurred in
of damaged grains, which results in values ten times hightee eighth month, highlighting that higher temperatures
than recommended by the Brazilian delivery rules. High@nd storage time has a negative influence on the quality
moisture content is associated with a higher metabola¢ soybean attacked by bugs and later stored.
rate and, consequentiyne deterioration process of stored Table 5 shows the means of the percentage of grains
grains is more pronounced (Aratgb al., 2017). The damaged by bugs in the crop. Until the fourth month,
storage in high temperatures and moisture conterttse grains stored in 13.84%.fw) of moisture content

Table 4 Total damaged soybean grain percentage (%) fierdift moisture content at fifent temperatures over storage

Total damaged grains (%)

Storage period Initial moisture -
(months) content (% w.b.) Temperature (*C)
20 25 30 35

0 11.75 12.29a 12.29a 12.29a 12.29a
13.84 17.46 b 17.46 b 17.46 b 17.46 b

2 11.75 9.30 a 9.10 a 13.40 a 12.62a
13.84 1147 a 9.77 a 12.48 a 12.72a

4 11.75 12.56 a 12.86 a 12.79a 15.48 a
13.84 14.19a 13.79a 15.20 a 2414 b

5 11.75 13.57 a 10.11a 11.12a 19.40 a
13.84 12.23a 1461 b 20.64 b 52.12 b

8 11.75 11.31a 14.00 a 1851a 29.51a
13.84 13.47 a 19.13 b 33.79b 83.50 b

Means followed by the same letter within the column and at the same period are not different from each other by the test of Tukey at 5%
of significance.

Rev CeresVicosa, v68, n.3, p. 185-193, may/jun, 202%



Storage of soybean with high percentage of grains damaged by bugs in the crop

189
showed more considerable damage caused by the bsgsted to detect the extent to which the color of this
in the crop; except in the fourth month at a temperatudamage varies.

of 35 °C, when they presented 1.50 percentage points As the damaged/fermented grain variable increased,
lower than the grains stored dt.75% (wb.) because at the number of damaged grains decreased. The rise in the
this point, the percentage of damaged/fermented graitesmperature and storage time reduces damaged grains,
increased (able 6).

and this is clearer in grains stored in the highest moisture

Bug-damaged grains in the crop have whitish-colorecbntent (Figure 2B). For the lowest moisture content, there
damaged tissues, which vary according to the depth whs no significant model adjustment, with Figure 2A only

the damage caused by the bug. When damaged graiegresenting the dispersion of the observed data.
have a dark border surrounding the damage caused byGrains damaged at the beginning of storage have
pests, they are considered as fermented grains. In 11/208W0lved to ferment over time and are no longer considered
fermented grains show higher depreciation compared damaged grains in the official classification. The higher

damaged grains in the light defect scale; also, they dtee temperature and the moisture content, the more

accounted as fermented grains (fermented in thpronounced was this evolution around the damage caused
normative). Howevein this studythey were individually by the bug (Figure 3).

® Observed

[ Estimated
35

(%)

® Observed
30

[ Estimated

100

Total damaged grains

TDG= 46.3108-4.0311t-2.4908T+0.1739t>+0.0437T3+0.1224(T; R*=0.8059

20

TDG= 158.5735-18.6417t-9.9819T+0.7088t*+0.1686T>+0.5686tT; R>=0.8801

Figure 1 Percentage of total damaged grains in the initial moisture conterdt %8 (A) and 13.84% (W.) (B), at diferent
temperatures in an eight-month perid@dStorage temperature, °C; t: storage period, months.

Table 5 Percentage of bug-damaged soybean grains (% )aneatit moisture content and temperature over the storage period
Total damaged grains (%)
Storage period Initial moisture Temperature (°C)
(months) content (% w.b.) P
20 25 30 35
0 11.75 7.63a 7.63a 7.63a 7.63a
13.84 8.78 b 8.78 b 8.78 b 8.78 b
2 11.75 4.83a 4.37a 4.00a 3.62a
13.84 6.20 b 497 a 5.75b 5.05b
4 11.75 6.56 a 6.66 a 6.59 a 6.68 b
13.84 8.26 b 7.92b 7.94b 5.08 a
5 11.75 7.99b 6.49 a 5.39a 3.83b
13.84 6.88 a 8.07b 5.83a 0.99a
8 11.75 6.54 a 6.40 a 6.47 b 461b
13.84 6.61a 6.25a 3.94a 0.31a
Means followed by the same letter within the column and in the same period are not different from each other by the test of Tukey at 5%
of significance.
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The grains were stored with a 3.91-percentage poirgeowing the point at which the increase in the fermentation
difference in the percentage of damaged/fermented graimfsbug-damaged grains was most evident.

(Table 6) between moisture contentsfedihg in the initial In the sixth and eighth month of storage at
period. In the second and fourth month of storage, nemperatures of 30 and 35 °C, the differences in damaged/
difference was found between moisture contents, only fgrmented grains were very significant between the grains
the temperature of 35 °C (fourth month), where the grastored in the two moisture contentslple 6). Such a fact
stored at 13.84% (Ww.) showed 19.07% of damaged/stated that higher temperatures combined with long

fermented grain. Such a period coincided with thstorage periods increase the fermentation of grains that
reduction in the percentage of damaged graiabl€lb),

were damaged by bugs in the crop. This fact is shown in
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DAM= -8.8782+1.1032t+1.2647T+0.0106t*-0.0225T2-0.0597tT; R*=0.7613

Figure 2: Experimental and observed values of soybean damaged grain percentage, damaged in the crop as a function of temperature
and period for the initial moisture content df25 (A) and 13.84% W. (B).T: storage temperature, °C; t: storage time, months;
DAM: damaged grains.

Damaged/Fermented

Fonte: Bessa, 2017

Figura 3: Soybean damaged by bug and grain showing insect damage and fermentation around the puncture (Bessa, 2017)
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Figure 4, where the increase in storage time ardifference was observed only in the temperature of 35 °C,
temperature results in higher values of damagedmhere the electrical conductivity was higher in the grain
fermented grains as the grains that were stored wistored at 13.84% (W.). Grains stored atl175% (wb.)
damage caused by bugs in the crop showed a gradoealy have shown a higher value of electrical conductivity
fermentation over storage.

in the initial period due to drying performed to reduce
Fermented grains that did not show damage causewbisture content. Faromt al. (2009) also observed the
by bugs in the classification occurred only in storage withigher value of electrical conductivity in the initial period
13.84% (wb.) of moisture content in the sixth and eightlin soybeans with lower moisture content. The removal of
months, with 5.22 and 26.47%, respectivaty35 °CThe

water from grains may disrupt the cell membranes causing
association of higher moisture content, high temperaturay increase in the electrical conductivity of the imbibition

and storage time harm soybean storage, regardless of$b&ution
damage caused by the insects.

In the fourth and sixth months, the grains stored in
The electrical conductivity of soybean grainslfle

initial moisture content of 13.84% (w) showed higher
7) was higher in grains, with the initial moisture content cdiverage electrical conductivjtgxcept at 20 °C, where no

11.75% (wb.). In the second month of evaluation, alifference was found. In the eighth month, the electrical

Table 6 Percentage of damaged/fermented gains faréifit moisture content and temperature over storage
Total damaged grains (%)
Sorage period Initial moisture Temperature (°C)
(months) content (% w.b.) P
20 25 30 35
0 11.75 4.66 a 4.66 a 4.66 a 4.66 a
13.84 8.57b 8.57b 8.57b 8.57b
’ 11.75 447 a 473 a 6.73 a 7.67 a
13.84 5.27a 480 a 9.40 a 9.00 a
4 11.75 5.93a 5.87 a 6.20 a 8.80 a
13.84 6.00 a 6.20 a 7.27 a 19.07 b
5 11.75 535a 3.62 a 573 a 1557 a
13.84 5.58 a 6.54 b 1481 b 4591 b
8 11.75 478 a 7.59 a 12.05a 2490 a
13.84 6.86 a 12.87 b 29.85b 56.72 b
Means followed by the same letter within the column and in the same period are not different from each other by the test of Tukey at 5%
of significance.
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Figure 4: Observed and experimental values of the percentage of damaged/fermented soybean grains, damaged in the crop, as a
function of temperature and time for the initial moisture content&.Gb1(A) and 13.84% . (B).T: storage temperature, °C; t:
storage period, months; Dam/Fer: damaged/fermented grains.
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conductivity was higher in grains stored at 13.84% (w time. Therefore, such conditions provided a stress
in all storage temperatures. The damage caused by twndition to the product, which may have favored the
bugs to the soybean tegument evolved to fermentatidntensity of metabolic activitywhich associated with the
therefore favoring greater leaching of the solutes angiercing caused by the insect in the grains supported the
consequentlyhigher values of electrical conductivity ofincrease of leaching and, consequertgs of quality
the imbibition solution. since, according to Silvet al. (2014) this test indicates
Electrical conductivity increased as a function ofhe level of organization of the cell membrane system and,
storage time and temperature (Figure 5) in both initighdirectly, the level of the vigor of the sample.
moisture contents, corroborating the results obtained by When storing corn grains in two moisture contents
Costaet al. (2010) in the storage of corn grains in bagf14.5 and 18.0% \v.), Costaet al. (2010) described that in
silos. The electrical conductivity of soybean grains witlthe higher moisture content, there was a process of faster
severe bug damage was more significant, considering tibembrane and cell wall deterioration, as observed in this
increase in moisture content, temperature, and storagfeidy Faroniet al. (2009) also found that, for the highest

Table 7 Electric conductivity ¢S cm? g*) of bug-damaged soybean grains ifietiént moisture content and féifent temperatures
over storage

) N ) Total damaged grains (%)
Sorage period Initial moisture T -
(months) content (% w.b.) emperature (°C)
20 25 30 35
0 11.75 87.14b 87.14 b 87.14b 87.14b
13.84 7471 a 7471 a 74.71a 7471 a
5 11.75 103.84 a 105.54 a 123.76 a 147.72 a
13.84 95.80 a 111.19a 125.13 a 175.97 b
4 11.75 115.79 a 124.27 a 15450 a 226.06 a
13.84 113.38 a 136.18 b 192.39 b 331.94b
6 11.75 130.93 a 139.62 a 194.20 a 296.67 a
13.84 126.97 a 172.76 b 270.38 b 362.26 b
8 11.75 130.49 a 167.81a 225.75a 310.08 a
13.84 144.96 b 257.31b 305.37 b 366.21 b

Means followed by the same letter within the column and in the same period are not different from each other by the test of Tukey at 5%
of significance.
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Figure 5: Observed and experimental values of electrical conductivity of soybean imbibition solution, damaged in the crop, as a

function of temperature and period for moisture contentd a%1(A) and 13.84% W. (B).T: storage temperature, °C; t: storage
period, months; EC: electrical conductivity

Rev CeresVicosa, v68, n.3, p. 185-193, may/jun, 202%




Storage of soybean with high percentage of grains damaged by bugs in the crop 193

moisture content, there was a significant increase fessa JFM2017)Armazenamento de grdos de soja com elevada
electrical conductivity due to the interaction of the danificagdo por percevejo na lavoufiese de Doutorado. Ins-

. . ) tituto Federal de Educacao, Ciéncidecnologia Goiano, Rio
evaluated silo-bag points and storage period whenyerge. 127p.

working with soybean stored in silo-bag for 180 dayﬁ_%ortoli SA de, MurataAT, VacariAM, Bortoli CP & Ramalho DG

with two different moisture contents, 13.3 and 17.4% (v (2012) Herbivoria em soja: efeito na composicdo quimica das
Grains stored in initial moisture content &f25% (Wb.) folhas e na biologia da Iggarta da soja e do percevejo verde

had average electrical conductivity from 87.14 to 296,67 PeI|e"0- Comunicata Scientiae, 3:192-198.

pS cmt g.1 and grains stored with 13-84%-@\) ranged Brasil (2009) Ministério dahgricultura, Pecuaria Abastecimen-

to. Secretaria Nacional de defeAgropecuaria. Regras para

are associated with the beginning and the highest, to t@r%sil (2007a) Ministério dagricultura, Pecuaria Abastecimen-
end of storage. The observation of higher electricalto. Regulamento Técnico da Soja. DOU, 15/05/2007, Section
conductivity values for wetter grains and more extended?: p-13-15.

storage periods was also described by Betsala(2015) Brasil (2007b) Mi~nistér_io da@gricultura, Pecuaria A_bastecimen-
and Barbosat al. (2010)' respectivelyHowever the to. Altera padrao soja. DOU, 27/07/2007, Section 1, p. 9.
presence of a lesion previously occurred in the produ&?rvalho ER, Mavaieie DPR, Oliveira JA, Carvalho MVVieira

. . AR (2014)Alteracdes isoenzimaticas em sementes de cultiva-
such as bed bug puncture, may have contributed to highefy ge soja em diferentes condicdes de armazenamento. Pesqui-

electrolyte leaching into soaking water saAgropecuéria Brasileira, 49:967-976.
Carvalho NM & Nakagawa J (2012) Sementes: Ciénteanologia
CONCLUSIONS e Producdo. 5 ed. Jaboticabal, FUNEB90p.

High temperatures and longer storage periods incregdmab — Companhia Nacional Aeastecimento (201%companha-
the percentage of damaged/fermented grains totarnento da safra brasileira de graeSafra 2018/19, N.12 — Décimo

. . s segundo levantamento — Setembro de 2019. Brasilia, Conab. 47p.
damaged grains, and electrical conductjvitlyich results _ ,
in loss of quality of bug-damaaed sovbean arains in thCeostaAR, Faroni LRD,Alencar ER, Carvalho MCS & Ferreira LG
a y 9 9 y 9 (2010) Qualidade de graos de milho armazenados em silos bolsa.

crop. Revista CiénciaAgronémica, 41:200-207.
Itis not recommended to store bug-attacked soybeabespieri RA& PanizziAR (2011) Duration of feeding and superfi-

with moisture contents of 13-84%-(!@ at temperatures cial and in-depth damage to soybean seed by selected species of
stink bugs (Heteroptera: Pentatomidae). Neotropical

1 o
higher than 30 °C for longer than four months. Entomology 40:197-203.
Bug-damaged grains evolve to fermented grains durifgroni LRA, Alencar ER, Paes JL, CosiR & Roma RCC (2009)
storage. Armazenamento de soja em silos tipo bolsa. Engentaia

. . . cola, 29:91-100.
Soybean grains stored in moisture content of 13.84%
zolla NetdA, Fernandes MC, Gome¥D, Gadotti Gl & Villela FA

(w.b.) and temperature of 35 °C, V_VhICh showed no damaa 2015) Distribuicdo espacial da qualidade fisiolégica de sementes
caused by bugs, ferment after six months of storage.  ge soja em campo de produc#evista Caatinga, 28:119-127.
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