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Summary

The occurrence and abundance of insect pests infesting stored-corn in three climatic zones of Turkey
(southern (Adana, Mersin and Kahramanmaras provinces), south-eastern (Sanliurfa province) and central (Konya
province) regions) were studied by taking corn samples from different corn storages in each region every each month
from June up to and including November. Seven species, Tribolium castaneum (Herbst), Tribolium confusum
Jaquelin du Val., Rhyzopertha dominica (F.), Sitophilus oryzae (L.), Oryzaephilus surinamensis (L.), Cryptolestes
ferrugineus (Stephens), and Latheticus oryzae (Waterhouse) belonging to 5 families of Coleoptera were found. The
infestation rate of insect species varied with the climatic zones of Turkey. S. oryzae indicated the highest infestation
rate (80%) in the central region, followed by T. castaneum (40%) and C. ferrugineus (20%). T. castaneum and C.
ferrugineus had the highest infestation rate (28.5%) in the south-eastern region while both T. castaneum and S.
oryzae (40%) had the highest infestation rate in the southern region. In southern region, the total number of insects
per 1 kg corn grain was 33.8 during sampling dates while it was 2.8 and 11.7 insects per 1 kg corn in central and
south-eastern region respectively. These results indicated that the densities of insect species in southern and south-
eastern region of Turkey were found to be much higher than those in central region where the environment is cooler.
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Ozet

Bu calismada Turkiye'nin ug farkli cografi bolgesindeki (Gliney (Adana, Mersin ve Kahramanmaras illeri),
Glneydogu (Sanlurfa ili) ve Orta Anadolu (Konya ili) Bolgesi) misir depolarindan hazirandan kasima kadar her ay
misir érnekleri alinarak depolanmig misirlar Uzerindeki bdcek turleri, bulasma oranlari ve yogunluklarn tespit
edilmistir. YurGtdlen sdrveyler sonunda Tribolium castaneum (Herbst), Tribolium confusum Jaquelin du Val.,
Rhyzopertha dominica (F.), Sitophilus oryzae (L.), Oryzaephilus surinamensis (L.), Cryptolestes ferrugineus
(Stephens), ve Latheticus oryzae (Waterhouse) olmak Uzere Coleoptera takiminin 5 familyasina bagli toplam 7 tir
tespit edilmistir. Bocek tirlerinin bulasma oranlari boélgelere gére degisiklik géstermistir. S. oryzae Orta Anadolu
Bolgesi’nde en yiksek bulasma oranina (%80) sahip olurken bunu sirasiyla T. castaneum (%40) ve C. ferrugineus
(%20) takip etmigtir. Glineydogu Anadolu Bolgesi'nde T. castaneum ve C. ferrugineus en yiiksek bulasma oranina
(%28.5) sahip olurken Giliney Anadolu Bolgesi'nde ise T. castaneum ve S. oryzae (%40) en yiksek bulasma oranina
sahip olmustur. Gliney Anadolu Bodlgesi'nde 1 kg misirdaki toplam bdécek sayisi 33.8 adet olarak belirlenirken
Glineydogu ve Orta Anadolu Bolgesi'nde 1 kg misirda sirasiyla 2.8 ve 11.7 adet bocek oldugu goérilmustir. Bu
sonuglar Giiney ve Glineydogu Anadolu Bélgesi'ndeki misir depolarindaki bécek yogunlugu daha serin iklime sahip
olan Orta Anadolu Bélgesi’ndeki misir depolarindaki bdcek yogunlugundan daha ytiksek oldugunu gdstermistir.

Anahtar s6zciikler: Depolanmis misir, bécek yogunlugu, bulagsma orani, cografi bdlge, Turkiye
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Introduction

Corn (Zea mays L.) is considered as one of the most important cereal crops since it has highest
genetic yield potential which is used as food, feed, fodder and also serves as basic raw material in
industries such as beverage, confectionery, starch, ethanol, oil, cosmetic, pharma, food processing,
textile, gum and paper industries. Corn, which is the most produced cereal in the world, has twice more
yield per unit area than wheat and barley. In the 2014-2015 season, the corn production in Turkey was
about 5.4 million tons and this number was expected to increase to 6.3 - 6.5 million tons in the coming
2015-2016 season. The driving force behind this recent increase primarily comes from the increased corn
planting in the Southeastern Anatolia Region (Diyarbakir-Batman) and Central Anatolia Region (Konya-
Karaman) (Artik et al., 2016). Today corn plays an important role in human nutrition around the world with
its large economic value and high energy content. It is rich in carbohydrate, protein, oil and crude fiber
contents (FAOSTAT, 2014).

Although production of corn has increased to meet the global demand, several biotic and abiotic
factors play an important role in limiting the productivity. It is also plagued with post production storage
losses. Among biotic factors contributing for storage losses, insect pests play a major role inflicting 20—
30% damage of corn grain in tropical regions (Haque et al., 2000) due to favorable conditions for their
development and poor storage conditions. It has been reported that more than 37 species of insect pests
are associated with stored corn (Abraham, 1997). Among these insect pests, Sitophilus oryzae L.,
(Coleoptera: Curculionidae) (Lucas & Riudavets, 2000) and Sitotroga cerealella (Oliv.) (Lepidoptera:
Gelechiidae) are the major primary insect pests causing quantitative and qualitative losses (Lakshmi
Soujanya et al., 2013); starts infestation in the field itself and continues in stored corn. They destroy the
seed completely from inside and make them chaffy; and finally seed viability is lost (Hill, 2002).

High environmental temperatures and moisture, along with dockage and broken kernels, provide
conditions that accelerate mold and insect development within the grain mass, increasing grain losses.
Determining the specific insect pest species found in corn storages is the first step in understanding and
controlling insect problems. Knowledge of the occurrence and abundance of insect pests infesting stored-
corn in different climatic regions is necessary for integrated pest management programs. The objective of
this study was to determine the occurrence and abundance of insect pests infesting stored-corn in three
climatic zones of Turkey (southern, south-eastern and central regions) by taking corn samples in bulk-
corn grains.

Material and Methods
The region of stored corn sampling

Corn samples were taken in three climatic zones of Turkey (southern, south-eastern and central
regions), which are indicated on the map of Turkey (Figure 1). From Southern region of Turkey
Kahramanmaras, Adana and Mersin Provinces were selected for corn sampling, while Sanlurfa and
Konya Province were selected from south-eastern and central regions, respectively.

Corn sampling process

Corn samples were taken in bulk from ten different corn storages (silo and warehouse) per each
region every each month from June, 2013 up to November 2013 (5 sampling dates in total) (Figure 2).
Five grain samples of approximately 0.2 kg each were taken randomly by inserting a 1.5 m open-ended
spiral grain probe (Model UST-150, Loyka, Turkey) to a depth of 50 cm at five different locations of bulk
corn grain. Grain temperatures were measure 40 cm below the corn grain surface using mini NSP-100
portable thermometer and hygrometer with a metal probe (Model NSP-100, LOYKA, Turkey). Adult
insects were separated from corn samples with RETSCH grain sieve with 10 meshes (2 mm sieve size,
RETSCH GmbH, Germany) and counted. Each grain sample was weighed and insect density was
expressed as the number of adult insect per kg of grain sample.
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Figure 1. Sampling locations of stored corn in Turkey.

Figure 2. Spiral grain probe used for corn sampling.
Identification of the insects

All insects captured were identified to species level by using identification keys (Gorham, 1991;
Rees, 2004). Specimens of Sitophilus, and initially specimens of Cryptolestes were identified to species
level by dissection and examination of the genitalia (Lefkovitch, 1959; Halstead, 1963).

Infestation rate and the number of insect per kg corn

We pooled the data for all warehouse and all sample dates to estimate infestation rate of each
species and number of insect per kg corn of each species. The infestation rate of a species was the
percentage of all possible samples in which the species occurred; it was estimated as the percentage of
samples actually taken in which the species was found. The number of insect per kg corn for each
species was estimated as dividing the total number of insect collected for each species by the total
number of corn sample.
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Results and Discussion

Seven species, Tribolium castaneum (Herbst) and T. confusum Jaquelin du Val. (Fam.:
Tenebrionidae), Rhyzopertha dominica (F.) (Fam.: Bostrichidae), Sitophilus oryzae (L.) (Fam.:
Curculionidae), Oryzaephilus surinamensis (L.) (Fam.: Silvanidae), Cryptolestes ferrugineus (Stephens)
(Fam.: Laemophloeidae) and Latheticus oryzae (Waterhouse) (Fam.: Tenebrionidae) belonging to 5
families of Coleoptera were found (Table 1). T. castaneum and C. ferrugineus were found in all sampling
locations while T. confusum was determined only in Kahramanmaras province. R. dominica, O.
surinamensis and L. oryzae were found in Kahramanmaras, Adana and Sanliurfa provinces. S. oryzae
was detected in all sampling locations except Sanliurda province. Previous studies carried out to
determine the insect species of stored grains in Turkey showed similar insect species to those found in
present study (Ergil et al., 1972; Ozar & Yiicel, 1981; Dértbudak & Aydin, 1984; Yiicel, 1988; Isikber et
al., 2005; Mert, 2012; Bagci et al., 2014). Mert (2012) determined seven insect species, namely T.
castaneum, S. oryzae, C. ferrugineus, T. confusum, O. surinamensis, R. dominica, Sitophilus zeamais
(Matsch.), Cryptolestes turcicus (Grouv.) and Sitotroga cerealella (Oliver.) on stored corn in Adana
province which is located in southern of Turkey.

Table 1. Insect species determined on corn samples taken from corn storages in five provinces located in three climatic zones of
Turkey (live and/or dead)

Insect species determined
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Sanlurfa Warehouse-Opened bulk - ) - ) ) ) )
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o Existent of insect species; -: Non-existent of insect species

Grain temperatures for each sampling date in bulked corn in five provinces located in three climatic
zones of Turkey are given in Figure 3. Grain temperatures in bulk-corn recorded in Konya province
ranged from 17.7°C in November to 25.3°C in July while those in Adana and Mersin province ranged from
23.6°C in November to 32.2°C in August and from 24°C in November to and 31.2°C in July, respectively.
In Kahramanmaras and Sanliurfa provinces, grain temperatures ranged from 22.4°C in November to
32.9°C in August and from 19.9°C in November to 33.4°C in August, respectively. Generally grain
temperatures in Konya province located at central region of Turkey were much lower throughout storage
period from June to November than those in other provinces located at southern and south-eastern
region of Turkey. The optimal temperature for fecundity and development of most stored-product insects
is between 25 and 33°C (Birch, 1945; Howe, 1965; Lhaloui et al., 1988). It appears that corn grain
temperatures in Konya province remained below optimal levels for growth and development of the insects
during most of the storage period from June to November. However, those in other provinces (Adana,
Mersin, Kahramanmaras and Sanlurfa) remained optimal levels for growth and development of the

insects during most of the storage period.
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Figure 3. Temperatures for each sampling date in bulked corn in five provinces located in three climatic zones of Turkey.

While T. castaneum, S. oryzae and C. ferrugineus existed in three climatic zones, T. confusum was
only found in southern region. S. oryzae exhibited the highest infestation rate (80%) in the central region,
followed by T. castaneum (40%) and C. ferrugineus (20%) (Figure 4). T. castaneum and C. ferrugineus
had the highest infestation rate (28.5%) in the south-eastern region while both T. castaneum and S.
oryzae (40%) had the highest infestation rate in the southern region. Our findings differ somewhat from
those of earlier studies, although there are many similarities. Mert (2012) reported that S. zeamais, T.
castaneum, S. oryzae, C. ferrugineus, T. confusum and C. turcicus were the most common insect species
at stored corn in Adana province by having the highest infestation ratios throughout sampling periods,
respectively. These results were parallel to those obtained from our study except insect species of S.
zeamais and C. turcicus. In the present study, Trogoderma granarium Everst (Col.: Dermestidae) that is
subject to quarantine was not found any infestation on stored corn in all sampling locations although
several studies were also reported that stored wheat was highly infested by T. granarium in south-eastern
region of Turkey (Ergul et al., 1972; Yicel, 1988; Isikber et al., 2005).

Rhyzopertha dominica had the highest number of insect per 1 kg corn in Kahramanmaras province
followed by T. castaneum in Kahramanmaras and Urfa provinces. The total density of insect species on
stored corn in Kahramanmaras province (33.8 insects per 1 kg corn) was found to be higher than those
in other sampling locations. In southern region, the total number of the insects per 1 kg corn grain was
33.8 during sampling dates while it was 2.8 and 11.7 insects per 1 kg corn in central and south-eastern
region, respectively (Figure 5). These results indicated that the densities of insect species in southern and
south-eastern regions were found to be much higher than those in central region of Turkey. This may be
because of the environmental conditions, which are hot and humid, in southern and south-eastern regions
and differences in the central area where the environment is cooler.
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Figure 4. Infestation rate of each insect species collected from corn sample taken by spiral grain probe in five provinces located in
three climatic zones of Turkey.
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Figure 5. Number of insect per 1 kg corn for each insect species collected from corn sample taken by spiral grain probe in five
provinces located in three climatic zones of Turkey.
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Conclusions

In this study, it was obvious that the infestation ratio and density of insect species determined on
stored corn varied considerably with geographic regions and climatic zones. Generally, the densities of
insect species in southern and south-eastern regions of Turkey were found to be much higher than those
in central region where the environment is cooler. Consequently, the results obtained from present study
suggest that southern region of Turkey, would be at higher risk for stored corn insect pests compared with
central and south-eastern regions of Turkey, which could cause significantly higher damage and
reduction in corn grain value.
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