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Quality and Safety

Predicting the increase of pest infestation in storage of freshly harvested wheat

D. Kuzmanov*, N. Dimitrov 
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* e-mail: kuzmanow.dim@abv.bg

Abstract. Simulation models have been developed for predicting rice weevil Sitophilus oryzae (L.) and sawtoothed grain beetle Oryzaephilus (L.) population 
growth in flat storehouses and steel bins with great capacity. The validity of simulation models is from 78% to 95% for both species of insect pests and both 
granaries. On the basis of these models, the increase of density has been predicted after infestation detection of 0.5 insects per kg at different time of storage 
from 1 September to 15 November (every 15 days). The highest level of infestation is possible to reach 387 and 194 insects per kg in steel bin and 8 and 2 
insects per kg in flat storehouse for S. oryzae and O. surinamensis, respectively. The predicted results have been confirmed by monitoring infestation change of 
the more dangerous insect pest, S. oryzae, in freshly harvested wheat stored in steel bins and flat storehouses, during two consecutive years – 2003 and 2004 
in two farms. 
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Because temperature conditions during storage are changing, Introduction
particularly at grain cooling by aeration, it is difficult to apply this 
approach to predict reaching of action threshold.Freshly harvested grain has been infected by insect pests still in 

This study proposes a method for predicting infestation density the first days of its storage (Vela-Coiffier et al., 1997). The reason for 
increase of rice weevil Sitophilus oryzae (L.) and sawtoothed grain this is either the insect pests, which have been left in the storehouses 
beetle Oryzaephilus surinamensis (L.) after the first detection by before their filling up, or those immigrating from the environment 
taking samples for infestation of 0.5 insects per kg at different (Arthur et al., 2006; Hagstrum, 2001). Because grain temperature is 
periods of freshly harvested wheat storage in flat storehouses and close to the optimum temperature for insect pest development, the 
steel bins with great capacity.insect pest population starts increasing after 30 – 40 days, because 

imago stage beginning of the first generation elderly insect pests. 
The increase depends on cooling rate, which is different for the 

Material and Methodsdifferent granaries. The control measures taken against insect pests 
depend on population growth rate. Simulation models for insect pest 

Simulation models have been developed for predicting rice development have been elaborated at conditions of particular 
weevil Sitophilus oryzae (L.) and sawtoothed grain beetle granaries (Hagstrum and Throne, 1989; Hagstrum and Flinn, 1990; 
Oryzaephilus surinamensis (L.) population growth in flat Hagstrum, 1996; Flinn et al., 2004).
storehouses and steel bins with capacity of 3200 and 2500 t, The models are used to predict the tendency of infestation 
respectively. The validity of the simulation models is from 78% to change, as well as to determine the efficiency of different growth 
95% for both species of insect pests and both granaries (Kuzmanov limitation or pest extermination methods – aeration, fumigation 
and Dimitrov, 2008). The stored wheat has been cooled by (Hagstrum and Flinn, 1990; Flinn et al., 1997; Arthur and Flinn, 
ventilation with atmospheric air at night (22 – 6 o'clock), with the 2000). In order to predict the reaching of action threshold, at which 
exception of the days with relative air humidity above 90% for the the measures should be applied, these models cannot be utilized 
steel bins and above 70% for the flat storehouses. We have because the initial infestation rate and the immigration norm are 
accepted that in the simulation models infestation has been realized different for each particular case. The time for reaching the action 
immediately after filling of grain-storehouses. As an initial infestation threshold depends on the population growth rate at the preventive 
rate we have chosen different values corresponding to population measures taken, before filling up of granaries and on the grain 
densities of 0.5 insects per kg (initial detection of infestation during temperature decrease rate to its protective values. For this purpose, 
monitoring) in the different periods of storage – 1.09., 15.09., 1.10., Driscoll et al. (2000) have determined population growth rate of 
15.10., 30.10. and 15.11. (for O. surinamensis – 30.10.).some insect pests at different temperatures and relative air humidity. 
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one – almost identical to the simulation values.
Flat Storehouse 
Grain temperature decrease has started also together with 

filling up of the storehouse and has been uniform during the whole 
period of store by mean rate of 0.22oC/d, and at the beginning of 
December it has reached 10oC. The reasons for the quicker grain 
cooling, as compared to the steel bin, have been the higher airflow 
rate at aeration of 100m3/h.t and the slower airflow heating in the fan 
(1.5oC).

Predicted population growth of S. oryzae and O. surinamensis 
after detection of 0.5 insects per kg in freshly harvested wheat stored 
in a flat storehouse, have been presented in Figure 3. It has shown 
that the increase rate has been considerably slower in comparison 
with the steel bin. The maximum values for both insect pests have 
been reached at the end and in the middle of October, respectively, 
or after 112 and 95 d from the beginning of wheat storage. In 
comparison with the steel bin, these values are 3 to 60 times smaller 
at the different variants and have been reached 50 and 33 d earlier 
for both species. The maximum values of  S. oryzae have also been 
greater from 2 to 6.3 times than those of  O. surinamensis in the 
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In order to confirm the predicted results, we have traced Predicted population growth of S. oryzae and O. surinamensis 
infestation change of the more dangerous insect pest, S. oryzae, in after detection of 0.5 insects per kg in freshly harvested wheat stored 
freshly harvested wheat stored in a steel bins and flat storehouses, in a steel bin, has been presented in Figure 1. Population growth has 
during two consecutive years – 2003 and 2004 in two different farms. continued up to 145th day of the storage (the beginning of 
Infestation rate changes have been determined by using the main December). The maximum values reached have been different and 
method of taking samples with the cylindrical probe trier (1 m long have depended on the moment of 0.5 insects per kg of infestation 
and with capacity of 0.5 kg) from 5 spots of the steel bins (1 in the detection. The difference between them in the first (1 Sept.) and in 
center and 4 along the semi-radius) and 9 spots in the flat the last possible detection case (15 Nov.) has been 242 times and 55 
storehouses (3 on the ridge of the embankment, and the rest times, for S. oryzae and O. surinamensis, respectively, while 
between the ridge and the walls). Insect pests have been removed between the separate cases – from 2.2 to 4.5 times. Because of its 
by sieving the samples and their number has been calculated low thermophilicity, S. oryzae population has increased at a higher 
towards 1 kg. rate and its maximum values at the different variants have been 

higher than 2.5 and 7.5 times than those of O. surinamensis.
In order to confirm the simulation results, we have traced 

infestation change of the more dangerous insect pest, S. oryzae, in Results
freshly harvested wheat stored in a steel bin, during two consecutive 
years – 2003 and 2004 (Figure 2). Because of the different efficiency Steel bin 
of preventive methods in the granaries during these two years, we Because together with the steel bin filling up, aeration begins, 
have detected infestation with density of 0.5 insects per kg for the grain temperature after about 20 d has decreased from 31 - 32oC to 
first time at the beginning of September during the first year and in 27oC, which has been preserved still more about 50 d up to the 
the middle of October – during the second year. The infestation rate beginning of the autumn atmospheric air temperature decrease (the 
increase has been similar to the simulation and has continued up to middle of September). During the next storage period up, to the 
the second half of November or about 10 days earlier. After this beginning of December, grain temperature has reached 19oC, at 
period, the infestation rate has begun to decrease slowly. The mean cooling rate of 0.1oC/d.
maximum values have been by 1.4 times smaller, and in the second 

Figure 1. Predicted population growth of S. oryzae and O. surinamensis after detection of 0.5 insects per kg in freshly 
harvested wheat at different times stored in a steel bin

Figure 2. Infestation change of S. oryzae in freshly 
harvested wheat  storage bin in two successive years 
(2003 and 2004)



Discussion

Grain temperature of the steel bin grain, although cooling has 
been kept within the limits of optimum for insect pest development 
temperatures (27 – 35oC) for about 70 d which is enough time for the 
development of two generations. From the middle of September to 
the beginning of November, the temperature is within the sub-
optimum limits, at which, although slowly, insect pest development 
continues. The protective values – 18 – 21oC have been reached in 
the end of November. Because of the quicker rate of grain cooling in 
the flat storehouse, the optimum temperatures for insect pests 
development have been kept up to about 20 d, and the safe 
temperatures have been reached in the middle of October, i.e. by 45 
days earlier as compared to the steel bins.

From the simulation results, we can predict also the reaching of 
the action threshold before which it has been impossible to 
undertake control methods against the insect pests. As far as the 
action threshold values are concerned, there has not been a 
unanimous opinion. The action threshold in the USA has been 
accepted to be 2 living insect pests in a sample of 1 kg, and there 
have been no well-grounded data in literature for the adoption of this 

different cases.
value (Anonymous 1994). In R. Bulgaria, also without any 

Infestation change of S. oryzae in freshly harvested wheat 
grounding, the value of 5 insects per kg has been adopted. And it has 

stored in a flat storehouse, during the years 2003 and 2004, has 
been only Antonovich (1987; 1989), who on the basis of the results 

been presented in Figure. 4. The preparation has been different in 
obtained from the chemical composition change of infected grain 

the farm with the flat storehouses during the two mentioned years, 
has proposed the hygienic thresholds for S. oryzae to be 15 insects 

because of which infestation of 0.5 insects per kg has been detected 
per kg. In case these values are surpassed, the grain can be used as 

at different times, in the middle of September and at the end of 
food or feed after it has been mixed with non-infected grain at a given 

August, respectively. The maximum values have been reached in 
ratio. Besides that, the latter author has investigated the effect of 

the middle of October, or just like in the steel bins, by about 10 days 
infected grain upon experimental animals, as well, and has 

earlier in comparison with the simulation values. The latter have 
established that it has been toxic, at infestation density of 90 insects 

been identical in the first year and in the second – by about 2 times 
per kg. Having in mind the above data and the data from Figure 1, it 

greater than the simulation.
follows that in wheat storage in a steel bin, the hygienic threshold will 
be reached in cases when during the monitoring, infestation of 0.5 
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Figure 3.  Predicted population growth of S. oryzae and O. surinamensis after detection of 0.5 insects per kg 
in freshly harvested wheat at different times stored in a flat storehouse

Figure 4. Infestation change of S. oryzae in 
freshly harvested wheat storage in a flat storehouse 
in two successive years (2003 and 2004)
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