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Summary

The Sunn Pest is the most important insect pest wheat and barley in Turkey. In order to revise the economic
threshold (ET) for the pest, the average plant number, kernel number in each spike, nymphs and new-generation
adults (NGAs) density, and the percent kernel damage caused by nymphs plus NGAs in per square meter were
determined in wheat fields sampled. Studies were conducted in 20 insecticide-free bread and durum wheat fields
which have at least 5 da. in Diyarbakir province from 2004 to 2008. The binary logistic regression was used to signify
the effect of spikes, kernels, nymphs and new-generation adults (NGAs) density, and kernel damage on ET. At the
end of the study, average plant per m?, kernels in each spike, over ed adult density, nymph plus new-generation adult
density, and percent kernel damages were between 173.7 and 910.0 11.0 and 41.4, 0.7 and 3.7 per m?, 5.7 and 114
per m2, and 0.4 and 55.4%, respectively. The yield lost caused by feeding of OWAs and kernel damage due to
feeding of nymph plus NGAs ranged from -89.1 to 145.3 g/m2. There was no correlation between yields from sprayed
and unsprayed fields. The sedimentation values were between 8 and 35, and 9 and 50 for Zeleny and incubated
sedimentations, respectively. Economic damage threshold for South East Anatolia Region were around 8, 10, and 12
nymphs plus NGAs per square meter, when plant number is between 350- 460 in per square meter, constant kernel
number in each spike (average 26), 3.5% kernel damage tolerance limit. Hovever these numbers could be higher or
lower depending on plant number, number kernels of spike and number of nymphs in m2.
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Ozet

Sline Turkiye’de budday ve arpanin en dnemli zararlisidir. Stinenin ekonomik zarar esigini revize etmek
amaciyla yapilan bu ¢alismada bugday alanlarinda, metre karedeki ortalama bitki sayisi, basaktaki tane sayisi, nimf
ve yeni nesil ergin yogunlugu ile bunlardan kaynaklanan tanelerdeki ylizde agirlik kaybi belirlenmistir. Calismalar
Diyarbakir ilinde kimyasal uygulanmamis ve en az 5 dekarlik olan 20 ekmeklik ve makarnalik gesitlerde 2004-2008
yillani arasinda yuratilmustir. Nimf ve yeni nesil ergin yodunlugu ile basaktaki tane sayisi ve tanelerde meydana
getirdigi ekonomik zarar esigini belirlemek igin ¢cok degiskenli regresyon analizi kullaniimistir. Calisma sonucunda,
ortalama bitki sayisi (m2), basaktaki tane sayisi ve kiglamis ergin, nimf ve yeni nesil ergin yogunlugu sirasiyla 173.7
ile 910.0, 11.0 ile 41.4, 0.7 ile 3.7, 5.7 ile 114 adet (m2) olarak belirlenmistir. Kislamis ergin ile nimf +yeni nesil
erginlerden kaynaklanan uriin kaybi -89.1 ile 145.3 g/m? olarak belirlenmis ve ilagl ile ilagsiz parseller arasinda bir
iliski bulunamamistir. Cesitlerde normal sedim degerleri 8-35, beklemeli sedim degerleri ise 9-50 araliginda
bulunmustur. Glineydogu Anadolu Bolgesi'ne 6zgu ekonomik zarar esigi, bir m?de ortalama 350- 460 bitki, 26 adet
tane ve kabul edilebilir %3.5 emgi sininnda m?de 8, 10, 12 arahiginda belirlenmistir. Belirlenen esik degerleri m?de
bitki sayisi, basaktaki tane sayisi ve nimf yogunluguna gore degiskenlik gosterebilir.

Anahtar sézcukler: Ekonomik zarar esigi, tane zarari, siine, bugday, Glineydogu Anadolu Bolgesi
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Introduction

Wheat, Triticum aestivum L. (Poaceae) is grown on about 9 million ha. area annually with the
production of approximately 20 million tons in Turkey (Anonymous, 2008). This crop is an important basic
food consumed mostly as bread in the country. It provides a substantial component of the human diet;
cereal (mostly wheat) products provide 53 and 66% of the per capita dietary supply of calories and
protein, respectively (Anonymous, 1980). It is also consumed as animal food and used to make various
processed foods in the industry. The country exports about 10% of wheat production. The South Eastern
Region of the country represents 13 and 8% of wheat acreage and production, respectively (Anonymous,
2008).

The Sunn Pest, Eurygaster integriceps Put. (Hemiptera: Scutelleridae), is a very damaging insect
pest of wheat and barley in Turkey (Lodos, 1982). Overwintered adults (OWAs) of the sunn pest attack
the leaves and stems of young, succulent wheat and barley plants, causing them to wither and die prior to
spike formation. They also feed the base of the spike during the early growing period resulting in whitish
spikes without kernels, producing white spikes. Yield losses by this pest are estimated at 50-90% on
wheat and 20-30% on barley. In addition to the direct yield reduction, the pest injects digestive enzymes
during the feeding, causing reduction in the baking quality of the dough. Even if as little as 2-3% of the
grain has been fed on, the entire grain lot may be rendered as unacceptable for baking purposes because
of poor quality flour (Lodos, 1982).

This pest was first reported in the South Anatolia Region of Turkey in 1927 and there have been
many outbreaks ever since. Detailed studies on the sunn pest begun in the 1950s in Turkey (Simsek,
1998). The government managed sunn pest control from 1927 to 2001 while an integrated pest
management (IPM) approach was adopted. Sunn Pest management was changed from aerial application
to ground spraying, shifting responsibility to farmers. Currently, ground sprays are conducted on 1-2
million ha area annually (Anonymous, 2004). Government provides technical support and farmers are
applying insecticides with their own equipment with the help of qualified technical consultants.

The area sprayed in South Eastern Turkey was about 400,000 ha in 2008 (more than the 40% of
total wheat acreage in the region), covering a large proportion of the region form Sirnak to Adiyaman
Provinces, under IPM framework. One of the key factors affecting the success of IPM programs is
economic threshold (ET). The economic threshold used for sunn pest control was established about 40
years ago in the region and country (Yiksel, 1968). There is a need to revise the ET because of changes
in climatic conditions, wheat varieties used, agronomical practices, and crop diversity. The purpose of this
study was to determine plants (spikes), nymphs and new-generation adults (NGAs) density, and kernel
damage caused by nymphs plus NGAs in wheat fields to redefine the ET for the Sunn Pest in the region.

Materials and Methods
1. Field studies

The study was conducted in 20 insecticide-free bread and durum wheat fields which have 5 da. in
the various districts of Diyarbakir province in southeastern of Turkey during 2004-2008. There were 18
fields of bread wheat and two fields of durum wheat. An area of 0.2 ha beside the trial fields was kept as
treated control. This area was sprayed with alpha-cypermethrin weekly until harvest. Eight bread and one
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durum wheat varieties were used. Variety was not held constant over all fields and not all fields were
used in the study years.

When the migration of adults from overwinter sites to cereal fields ended, weekly surveys of plant,
adult, and nymph density begun in each field by using a 0.25 m? frame. A total of 12 frames tossed
randomly in each field sampled, and OWAs, nymphs, and NGAs were counted in each frame. At the
harvest, the spikes in the frames were evaluated to estimate the yield and use in ET calculations. The
results of counts were multiplied by 4 while presented.

Just before harvest, spikes in fields with and without insecticide applications were counted and all
plants in each frame were cut and put in a paper bag separately, and brought to laboratory. In the
laboratory, spikes were dried and threshed, and the kernels cleaned. The kernels from each frame were
weighed to determine vield per field. The mean yield from 12-0.25 m® was used to estimate the yield per
ha for each sprayed or unsprayed field. Then kernels from all 12 frames were combined and 1-kg of
kernels was taken from this combined kernel for each field. From this sample, 100 kernels, up to 10
times, (total = 1.000 kernels) were randomly selected. These sub-samples were checked under the
dissecting microscope and damaged and undamaged kernels were evaluated individually (Dértbudak,
1974) to determine percent kernel damage, 1.000-damaged and healthy kernel weight, and percent
weight loss.

2. Sedimentation test

The kernels combined from 12 sampling frames from each trial fields, except for the ones in 2004,
were also used for the Zeleny and incubated sedimentation test (Anonymous, 1994) to evaluate the sunn
pest damage on wheat quality. All milling of wheat was conducted at 23°C and 60% relative humidity.
Wheat samples were cleaned and tempered overnight to optimum moisture, as described by Williams et
al. (1988). Tempered wheat was milled using Buhler laboratory mill type MLU-202 (Uzwil, Switzerland),
with break roll gaps adjusted to B2 = 1.2/1000 cm, B3 = 0.8/1000 cm, C1 = 1.2/1000 cm and C3 =
0.8/1000 cm. Medium hard soft-wheat clothing was used for. Buhler Bran finisher MLU-302 (Uzwil,
Switzerland) was used to extract “bran flour”, which was combined with all six flour streams. Then the
following reagents were prepared,;

1. Dissolve 0.04 g bromophenol blue in 10 liter demineralized water (reagent A).
2. Dilute 250 ml of lactic acid to 1 liter demineralized water (store for 3 weeks).

3. Mix thoroughly 180 ml of lactic acid solution with 200 ml isopropyl alcohol (2-Propanol), and
demineralized water to make 1 liter (reagent B). Let stand 48 hour before using. The method involved
weighing 3.2 g of sieved flour [using UDY cyclone mill, (Fort Collins, Colorado) and 100 mesh sieve],
which is transferred to a 100-ml stoppered measuring cylinder. Timing is started and 50 ml reagent (A) is
added and shaken 12 times. The cylinder is placed on a mixing rack and mixed until total elapsed time is
5 min. The cylinder is removed from the mixing rack and 25 ml of reagent (B) is added and mixed for
another 5 min. The cylinder is removed and let stand for exactly 5 min (Total time from start is 15 min.).
The volume of sediment is read in ml. It is read again two hours later as incubated sedimentation value.

3. Statistical analysis

Logistic Regression Analysis is a method used when a dependent variable has a categorical form
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and also when an independent variable is constant or in a categorical form. In order to analyze the
influence of each explanatory variable on the dependent variable, which is a dichotomous variable, the
binary logistic regression is used as a method (Maddala, 1983; Field, 2000; Grene, 2000; Gujarati, 2003;
Ozdamar, 2004). It was used in order to signify the factors affecting the sunn pest economic threshold of
3.5% kernel damage in our research. Two different binary logistic regressions were applied for dependent
variables such as the kernel damage rate under the economic threshold (3.5%) (y=0), or the kernel
damage rate over the economic threshold (3.5%) (y=1). Dependent variables were assumed as the
number of nymphs plus new generation adults of sunn pest, the number of spike in per square meter, and
the number of kernels per spike. We thought, currently the change of these factors was to reaction of
economic threshold of sunn pest in 3.5% kernel damage level.

The relationship between the predictor variable and expectation of response variables is not a
linear function in logistic regression; instead the logistic regression function is used, which is the logit
transformation of the probability of occurrence of Prob (y=1) (Field, 2000).

Where; Prob (y=1) is once again the probability of the event, a is the Y intercept, s are regression
coefficients, and Xs are a set of predictors. a and Bs are typically estimated by the maximum likelihood
(ML) method.

Results
The yield loss caused by overwintered adults, nymphs, and new-generation adults

The yield loss caused by overwintered adults, nymphs, and new-generation adults are shown in
Table 1.

Table 1.Average spike (plant) per square meter, kernel in each spike, overwintered adult density, nymph plus new-generation
adult density, and percent kernel damage in various wheat varieties and localities, Diyarbakir, 2004-2008.

Spike Kernel No. OW adult  Nimph Kernel

Year Locality Wheat variety No. / m2 / spike / m2 + NGA/m2  damage (%)
2004 Bereketli Firat 93 497.3 26.4 2.3 64 6.6
2004 Bereketli Bezostaja 592.7 30.6 1.0 8.0 0.4
2004 Bereketli Svevo 476.7 20.0 3.7 114 55.4
2004 Cakirbag Dariel 1 848.0 37.1 2.0 15.0 2.6
2004 Cakirbag Dariel 2 910.0 41.4 1.3 12.0 0.6
2005 Alabal Pehlivan 557.0 32.8 1.0 5.7 1.7
2005 Halkapinar Svevo 453.7 31.8 1.7 22.7 4.6
2006 GOmmetas Pehlivan 485.0 27.2 1.7 15.0 3.0
2006 Sariganak Nurkent 573.0 27.8 1.3 17.3 4.3
2006 Gulecoba Bezostya 564.0 26.0 1.3 24.3 5.7
2007 Sariganak Cumbhuriyet 75 415.3 24.0 1.7 11.3 3.0
2007 Alibardak Svevo 528.3 25.0 1.7 18.3 3.2
2007 Alibardak Basribey 433.3 34.0 1.0 10.3 15
2007 Celtikalti Nurkent 523.0 22.0 1.3 10.0 25
2007 Sariganak Pehlivan 454.3 30.0 1.3 11.3 2.3
2008 Sariganak Basribey 501.0 26.0 0.7 11.0 1.7
2008 Sariganak Cemre 173.7 11.0 1.0 9.7 31.3
2008 Sariganak Cumbhuriyet 75 296.7 11.0 1.7 18.7 141
2008 Sariganak Nurkent 398.7 21.0 1.7 20.0 6.9
2008 Sariganak Pehlivan 453.0 21.0 2.0 16.3 11.1
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Average plant number (spike) per square meter, kernel number in each spike, overwintered adult
density, nymph plus new-generation adult density, and percent kernel damages were between 173.7 and
910.0, 11.0 and 41.4, 0.7 and 3.7 per m2, 5.7 and 114 per m2, and 0.4 and 55.4%, respectively, during
2004-2008 (Table 1).

The vyield lost caused by white spike and stem damage due to feeding of OWAs, and kernel
damage due to feeding of nymph plus new-generation adults ranged from -89.1 (more yield in unsprayed
plot) to 145.3 g/m2 (Table 2).

Table 2. Average spike, yield, and yield difference per square meter in sprayed and unsprayed plots in various wheat varieties,
Diyarbakir, 2004-2008.

Spike number  Yield (g)/ m?  Yield (g)/ m?  Yield difference

. Nimph+ Spike number / m2 (Sprayed (Unsprayed (9)
Year Wheat variety NGA / m2
(Unsprayed plot) plot) (A-B)
/ mz2 (Sprayed plot)
plot) (A (B

2007 Basribey 10.3 387.0 433.3 343.6 3334 10.2
2008 Basribey 11.3 485.7 501.0 346.1 406.6 -60.5
2004 Bezostaja 8.0 602.7 592.7 814.5 803.9 10.6
2006 Bezostya 24.3 636.0 564.0 671.0 525.7 145.3
2008 Cemre 9.7 300.3 173.0 59.2 46.9 12.3
2007 Cumhuriyet 75 11.3 509.7 415.3 500.2 391.6 108.6
2008 Cumhuriyet 75 18.7 347.7 296.7 126.1 86.6 39.5
2004 Dariel 1 12.0 844.0 848.0 1.083 1.088 -5.0
2004 Dariel 2 15.0 932.3 910.0 1.554 1.519 25.0
2004 Firat 93 64.0 504.0 497.3 637.1 625.1 12.0
2007  Nurkent 10.0 500.3 523.0 326.0 294.5 315
2008 Nurkent 20.0 410.3 398.7 289.1 248.1 41.1
2006  Nurkent 17.3 645.7 573.0 471.3 504.1 -32.8
2005 Pehlivan 5.7 647.0 557.0 748.4 707.7 40.7
2006 Pehlivan 15.0 479.7 485.0 533.9 406.4 127.5
2007 Pehlivan 11.3 515.7 454.4 522.6 4435 79.1
2008 Pehlivan 16.3 475.7 453.0 314.7 324.2 -9.5
2004 Svevo 114 480.7 476.7 380.7 339.4 41.3
2005 Svevo 22.7 473.3 453.7 466.1 481.0 -44.5
2007 Svevo 18.3 499.7 528.3 406.3 495.4 -89.1

The yield values in some unsprayed fields were greater than sprayed ones for Svevo, Pehlivan,
Nurkent, Dariel 1, and Basribey varieties. There were no correlations between yields from sprayed and
unsprayed fields. This was because of big differences between spike numbers in sprayed and unsprayed
fields due to various seed amount used and cultural practices under different farm conditions where trials
conducted.

In 2004, the feeding of nymph plus NGAs on kernels at the density of 8, 12, 15, 64, and 114 per
square meter resulted in 0.6, 1.0, 1.8, 16.6, and 36.9% weight loss in kernels for the varieties of
Bezostaja, Dariel 1, Dariel 2, Firat 93, and Svevo varieties (Table 3).

The spike number and kernel number each spike ranged from 476.7 to 910 and from 20 to 41.4 per
square meter, respectively (Table 1). The weight loss averaged 4.1% for Pehlivan variety at 5.7 nymph
plus NGAs per square meter, 557 spikes per square meter, and 32.8 kernels each spike densities,
respectively and 8% for Svevo variety at 22.7 nymph plus NGAs per square meter, 453.7 spikes per
square meter, 31.8 kernels each spike densities, respectively in 2005. Sunn Pest caused 5.1, 8.7, and
5.5% yield loss for Pehlivan, Nurkent, and Bezostya varieties at 15, 17.3, and 24.3 nymph plus NGAs per
square meter, 485, 573, and 564 spikes per square meter, and 27.2, 27.8, and 26 kernels each spike
densities, respectively, in 2006. Weight losses in kernels were between 3.8 and 24.3% at the 9.7 to 20.0
nymph plus new-generation adult density per square meter, respectively in 2007-2008 (Table 1 and 3).
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Table 3. The weight loss in kernels caused by nymphs and new-generation adults in various wheat varieties, Diyarbakir, 2004-2008.

Damaged

Damaged Kernel Nimph thousand Undamaged Weight

kernels Damage + NGA kernel thousand kernel loss in

inthousand (%) / m2 weight weight (g) Weight kernels
Year Wheat variety kernels (9) difference (g) (%)
2004 Svevo 554 55.4 114 22.4 35.5 13.1 36.9
2004 Firat 93 66 6.6 64.0 39.7 47.6 7.9 16.6
2004 Dariel 2 6 0.6 15.0 39.7 40.1 0.4 1.0
2004 Dariel 1 26 2.6 12.0 33.97 34.6 0.6 1.8
2004 Bezostaja 4 0.4 8.0 43.93 44.21 0.3 0.6
2005 Svevo 46 4.6 22.7 37.0 40.0 3.0 7.5
2005 Pehlivan 17 1.7 5.7 42.2 44.0 1.8 4.1
2006 Bezostaja 57 5.7 24.3 36.1 38.2 2.1 5.5
2006 Nurkent 69 6.9 17.3 29.3 321 2.8 8.7
2006 Pehlivan 30 3.0 15.0 33.8 35.6 1.8 5.1
2007 Svevo 32 3.2 18.3 37.5 40.2 2.7 6.7
2007 Cum. 75 30 3.0 11.3 39.8 41.8 2.0 4.8
2007 Pehlivan 23 2.3 11.3 32.8 34.3 1.5 4.4
2007 Basribey 15 15 10.3 22.8 23.7 0.9 3.8
2007 Nurkent 43 4.3 10.0 344 36.0 1.6 4.4
2008 Nurkent 25 25 20.0 25.3 26.8 15 5.6
2008 Cum. 75 141 14.1 18.7 25.9 34.2 8.3 24.3
2008 Pehlivan 111 111 16.3 34.6 37.6 3.0 8.0
2008 Basribey 17 1.7 11.3 31.6 329 1.3 4.0
2008 Cemre 313 31.3 9.7 23.5 30.3 6.8 224

Quality loss in wheat kernels caused by nymphs plus new-generation adults of the Sunn Pest

Some technical properties of various wheat varieties worked on are shown in Table 4. The results
of the sedimentation tests for kernels from sprayed (zero kernel damage) and unsprayed fields in our
research are summarized in Table 4. The sedimentation values were between 8 and 35, and 9 and 50 for
Zeleny and incubated sedimentations, respectively. The lowest value (8) obtained on durum wheat variety
of Svevo while the highest one (50) obtained on bread wheat varieties of Nurkent and Cemre at sprayed
fields (Table 4). Zeleny sedimentation value for healthy kernels of Basribey variety (No. 1, Table 4) was
29 and it increased to 39 after incubating 2 hours while it was 26 for damaged kernels with 1.7% which
did not increase after 2 hours. For sample, No. 2 of Basribey, Zeleny sedimentation was 33 and 34 for
healthy and damaged kernels (1.5%), which became 38 and 35 after 2 hours, respectively. Baking quality
of dough of this variety was not affected at 1.5 and 1.7% kernel damages because incubated
sedimentation values did decrease, even they increased incrementally (Table 4). Incubated
sedimentation of Bezostya variety (No. 3, Table 4) with 5.7% damaged kernel lowered to 15 which was
about 1/3 of the one for healthy kernels, affecting the baking quality of dough negatively. It appears that
Pehlivan varieties No. 11 and 12 tolerated damaged kernels up to 2.5 and 3%, respectively, as it reflected
with their sedimentation values of 25 and 26. However, incubated sedimentation for this variety dropped
about 3 folds compared to healthy kernels at the 11.1% kernel damage (Table 4).
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Table 4. Some technological properties of various wheat varieties, Diyarbakir, 2004-2008

No. Kernel Thousand Incubated
nymphs+ Damage kernel Hectoliter Zeleny Sedim.
0. Wheat variety NGA/ m? (%) weight (g) weight (g) Sedim. (2 hours)
1 Basribey (Damaged) 11.0 1.7 30.2 80.0 26 26
Basribey (Undamaged) 0 0 30.2 80.8 29 39
2 Basribey (Damaged) 10.3 15 23.1 72.1 34 35
Basribey (Undamaged) 0 0 23.7 73.3 33 38
3 Bezostaja (Damaged) 24.3 5.7 32.0 75.4 27 15
Bezostaja (Undamaged) 0 0 32.1 76.1 31 46
4 Cemre (Damaged) 9.7 31.3 27.9 70.0 23 10
Cemre (Undamaged) 0 0 28.9 75.6 35 50
5 Cumhuriyet 75 (Damaged) 18.7 14.1 31.1 78.9 27 9
Cumhuriyet 75
(Undamaged) 0 0 27.6 76.3 33 43
6 Cumhuriyet 75 (Damaged) 11.3 3 41 77.2 16 21
Cumhuriyet 75
(Undamaged) 0 0 41.8 79.1 19 22
7 Nurkent (Damaged) 20 6.9 29.6 77.2 32 10
Nurkent (Undamaged) 0 0 29.0 79.1 34 50
8 Nurkent (Damaged) 10 2.5 25.9 72.9 24 22
Nurkent (Undamaged) 0 0 26.8 73.2 24 30
9 Nurkent (Damaged) 17.3 4.3 24.3 73.9 21 14
Nurkent (Undamaged) 0 0 29.9 75.8 22 29
10 Pehlivan (Damaged) 16.3 111 34.7 78.9 26 10
Pehlivan (Undamaged) 0 0 35.9 77.2 27 34
11 Pehlivan (Damaged) 11.3 2.3 33.6 76.8 28 26
Pehlivan (Undamaged) 0 0 34.3 77.2 22 33
12 Pehlivan (Damaged) 15 3 28.9 70.8 25 25
Pehlivan (Undamaged) 0 0 33.0 76.1 26 32
13 Pehlivan (Damaged) 5.7 1.7 36.4 80 26 32
Pehlivan (Undamaged) 0 37.6 80.1 25 32
14 Svevo (Damaged) 18.3 3.2 38.7 79.4 10 12
Svevo (Undamaged) 0 0 40.2 82.5 8 14
15 Svevo (Damaged) 22.7 4.6 314 78.5 30 11
Svevo (Undamaged) 0 0 31.6 79.0 35 39

The nymph plus NGAs densities (the ETs) that cause the kernel damage that ruins dough quality at
various spike (plant) numbers per square meter and constant kernel number in each spike (Average 26)
at various yield levels are given in Table 5.

Table 5. Economic thresholds (ET) (No. nimph / m?) of the sunn pest for the kernel damages of %5, %4, %3.5 and %3 at different
spike No. and kernel No. in each spike.

Spike Kernel No. Yield ET ET ET ET ET
No. / m2 / spike / ha (kg) for %2 kernel  for %3 kernel  for %3.5 kernel  for %4 kernel  for %5 kernel
(173-910) (17-34) (174-825) damage damage damage damage damage
350 26 324 5 8 8 10 11
360 26 333 6 9 9 11 12
370 26 342 6 9 9 11 12
380 26 352 6 9 9 12 13
390 26 361 6 10 10 12 13
400 26 370 7 10 10 13 14
410 26 380 7 11 10 13 14
420 26 389 7 11 11 14 15
430 26 398 8 12 11 14 15
440 26 407 8 12 12 14 16
450 26 417 8 12 12 15 17
460 26 426 8 13 12 15 17
470 26 435 9 13 13 16 18
480 26 444 9 14 13 16 19
490 26 454 9 14 13 17 19
500 26 463 9 14 14 17 20
510 26 472 10 15 14 18 20
520 26 482 10 15 14 18 21
530 26 491 10 16 15 19 21
540 26 500 11 16 15 19 21
550 26 509 11 16 15 19 22
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For the wheat producer who has lower or higher yield, the separate tables of ETs can be
established for various kernel number each spike at different damage levels. The ETs were around 7, 9,
and 12 nymph plus NGAs per square meter at about 3,000, 3,500, and 4,000 kg / ha vyield levels,
respectively (Table 5). Very different ETs could be calculated using our equations at various yield levels
as we reached 1 and 26 nymph plus NGAs per square meter for 3% kernel damage at 1,740 and 8,250
kg / ha yield level, respectively.

Discussion
The yield loss caused by overwintered adults, nymphs, and new-generation adults.

As shown in Table 1, nymph plus new-generation adult density in trial fields were usually over 10
for the study in general, which is practical ET in the country. In 2004, the 0.6% kernel damage on Dariel 2
variety was fairly low compared to nymph plus new-generation adult density of 12, which is over the
practical ET. This indicates that high plant density and kernel numbers (910 and 41.4 for Dariel 2) on
spike increase wheat tolerance to the sunn pest. Contrary of the latter was seen on Cemre variety which
had 31.3% kernel damage at 9.7 nymph plus NGAs and 173.7 spikes per square meter in 2008 when
there was drought.

Svevo durum wheat variety sustained the highest sunn pest density in the trials in 2004, 2005, and
2007 with 114, 22.7, and 18.3 nymph plus NGAs per square meter, respectively (Table 1). This showed
that this durum wheat variety was preferred by the sunn pest among the other bread wheat varieties
around. This may be because of the variety’s trait or some other reasons. Therefore, we think that studies
should be focused to this variety and other some durum wheat varieties sown commonly in the region.

Kili¢ et al. (1973) stated that kernel damage caused by the sunn pest was 15% and yield loss was
1,531 kg/ha at the density of 32.6 nymph plus NGAs per square meter in South Eastern Turkey. It was
indicated that 10 nymph and NGAs of the sunn pest per square meter resulted in 7% kernel damage
(Kilig, 1976) in the same region. We found that 14.1% kernel damage and 23.4% yield loss occurred on
Cumbhuriyet 75 variety at the density of 18.7 nymph plus NGAs per square meter. Ozkan et al. (2009)
indicated that kernel damages in Bezostaja and Pehlivan varieties were different at the similar sunn pest
density in field studies in the Central Anatolian Region. Apparently these results are varies from each
other. This is attributed to differences between the varieties containing different traits and the changes in
ecological conditions.

There was no homogeneity between the average spike humbers of sprayed and unsprayed fields
(Table 2). This was attributed to the nonhomogeneous in the application of seeds and fertilizers used,
land structure, and cultural management tactics in trial field of grower conditions. For example, kernel
weight per square meter was 9.5 g heavier in unsprayed field which had 453 spikes per square meter
(less than sprayed one) than sprayed field which had 475.7 spikes per square meter. Therefore, the
comments on the yield loss due to the Sunn Pest damage in the field trials under farmer conditions may
not be dependable. We think that the trials for this purpose should be conducted under controlled
conditions. Ozkan et al. (2009) conducted a similar research under controlled conditions and they stated
that kernel damage caused by the Sunn Pest is much more important than yield loss which may fluctuate
limited amount under unfavorable climatic conditions. They concluded that yield loss was 60 to 380 kg /
ha at the density of 3 to 38.7 nymph plus NGAs per square meter and 0.5 to 9.7% kernel damages.

The weight loss in kernels was the lowest with 0.6% in Bezostaya variety at 0.4% kernel damage
and the highest with 36.9% in Svevo variety at 55.4% kernel damage. Yilksel (1968) stated that weight
loss in damaged kernels was low of being 5% kernel damage and it increased after that. This finding was
in accordance with our data (Table 3).
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Quality loss in wheat kernels caused by nymphs plus new-generation adults of the sunn pest.

Wheat and flour quality is expressed by a variety of chemical and physical properties of dough
(Pyler, 1988). Wheat's bread making potential is derived largely from the quantity and quality of its
protein. Protein quantity is influenced by environmental factors such as climate, soil, growing practices,
and pest damages while the quality of the protein is genetically determined. In wheat varieties that are
grown under comparable environmental conditions, a high quality wheat will produce good bread over a
fairly broad range of protein levels while a poor quality wheat will yield relatively low quality bread even at
high protein contents (Atli, 1999; Hruskova & Famera, 2003).

One way to measure the quality loss of wheat dough caused by the activity of enzymes which are
injected by the sunn pest is Zeleny and incubated sedimentation tests (Ath et al., 1988; Ath, 1999;
Haramein et al., 2004). The sedimentation value drops when sunn pest damage in kernels increases. It
increases in incubated sedimentation compared to Zeleny sedimentation for undamaged kernels whereas
it drops in incubated sedimentation for damaged kernels (Egesel et al., 2009). For sedimentation, Zeleny
sedimentation values between 5 and 15 are considered as weak, 16 and 24 as medium, 25 and 30 as
good, and over 30 as very good (Elgtn et al., 2002).

It seems the wheat varieties in this study tolerate the sunn pest’'s kernel damage up to 3% and they
lose their baking quality above this level of damage. Incubated sedimentation values for the varieties with
less than 3% kernel damage were between 21 and 35, which are at medium to very good quality. Kernel
damage that ruins the dough quality varies among countries and studies. In Bulgaria, Gospodinov et al.
(1975) found that it was 4% for E. integriceps and 6% for E. maura, E. austriaca, and Aelia acuminata in a
research on 63 wheat varieties. In the same country, Gatsova and Kontev (1981) stated that acceptable
kernel damage was 3% for wheat varieties with low quality flour and 5-6% for wheat varieties with good
quality flour. Shurovenkov et al. (1985) indicated that kernel damage above 7% ruined the dough quality
in Russia. Ath (1987) figured out that kernel damage that deteriorates dough quality was 3% for wheat
varieties with protein less than 11.4% and 5% for wheat varieties with protein more than 11.4% in Thrace
Region, Turkey. It is stated that the quality of dough made from wheat with over 5% Sunn Pest damage
was ruined in a research conducted in Southern Cyprus in 1990 and 1991 (Josephides, 1993) and kernel
damage ranged from 2% to 44% during this study. Aden et al. (2004) stated that if kernels damages were
over 5% during kernel formation period, wheat lose bread quality. Ozkan et al. (2009) found out that
kernel damages were between 0.5 and 3.8 and kernel damages over 3% ruined the dough quality for
Bezostaja and Pehlivan varieties in field plots 2004 and 2005 in Central Anatolia Region, Turkey. Some of
these results corresponds our findings in this research. It is apparent that kernel damage tolerance varies
depending on insect species, wheat type (Durum or bread wheat), wheat variety, and ecological
conditions

Tolerance limit for damaged kernels of Eurygaster spp. and Aelia spp. species was 6% which was
dropped to 5% in Turkey in 2003. This limit of 5% was applied in private sector and Government for a
while until when it was decreased to 4% in 2005. It is applied as 3.5% since 2007 after stock exchanges
for cereals had active role for wheat trade. There is no specific item for Eurygaster spp. and Aelia spp.
damages in EU legislation of 824/2000 EC which was adopted in the framework of EU harmonization in
the country. The kernels damaged by pests are in the group of defective kernels. The weight of defective
kernels should not exceed 7% of total weight in the batch.

The ET for Sunn Pest is defined as a population density of nymphs or nymph plus NGAs or OWAs
per square meter which cause kernel damage that ruins the baking quality of dough. Spraying against
OWAs was conducted in the limited areas for a while until 1995 in Turkey too. Later it was changed to be
able to have the advantage of adult and egg parasitism of the Sunn Pest which may be affected by early
insecticide applications against OWAs.
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There are many studies to define ET for the Sunn Pest to decide pesticide applications, about
which we need to discuss to be able to evaluate our results. Pavlov (1975) suggested to apply insecticide
against the Sunn Pest when nymphs were over 20 per square meter if wheat plants (spikes) were 600-
700 per square meter. This suggested ET was quite similar to the ET we obtained in our research, which
was 21-23 nymphs per square at 600-650 spikes per square meter for 3% kernel damage. Starostin and
Galkina (1976) stated that ET should be 10 nymphs/m?2 against third instars at low population density and
15 nymphs/mz? against first-second instars at high population density.

Semyanov et al. (1981) in Kazakistan and Stavraki (1982) in Greece suggested that ET for E.
integriceps could be 10 nymphs per meter square against second instars, which was practical ET applied
most parts of Turkey. Areshnikov et al. (1987) in Ukraine stated that spraying against only overwintered
sunn pest adults was not enough and there was a need of a second spraying against second to third
instars at the beginning of kernel formation period at the density of 4-6 nymphs per square meter.

In a 5 year study conducted in Romania, Mustatea (1976) mentioned that the ET for Eurygaster
and Aelia species were 10 nymphs per square meter. The yield loss caused by 2-3 OWAs per square
meter and their nymphs could be tolerated if plant nhumber is between 400-500 per square meter.
Whereas Popov (1998) in the same country stated that the ET would be 5 nymphs per square meter for
wheat for consumption purposes as bread and 3 nymphs at seed production fields and it varies
depending on growth stage of wheat, climatic conditions, usage purpose of yield, and pest density. On
the other hand, Lazarov et al. (1969) emphasized that 2 OWAs per square meter could cause important
damage and chemical applications were needed at the density of 2 fourth-fifth instars plus new-
generation adults. Haramein et al. (2004) found out that 7 nymphs plus NGAs per square meter in Iran
and 10 nymphs plus NGAs per square meter in Turkey did not reduce the baking quality of wheat dough.
Sheikh & Rahbi (1996) expressed that ET for the Sunn Pest was 5-10 nymphs at the flowering stage, 5-6
nymphs after flowering in Syria.

In Turkey, there are considerable researches on ET for the sunn pest. Kilig (1988) and Simsek
(1998) stated that sprays applications for the sunn pest could be directed to mainly first-third instars. The
fields where the overwintered adult density is over 0.8 per square meter should be kept under check and
sprays should be started for first-third instars and continued for nymph plus NGAs if the density exceeds
10 nymphs or nymph plus new-generation adults. Canhilal et al. (2005) indicated that the ET for the sunn
pest was 8.1 and 9.2 nymphs for bread and durum wheat varieties, respectively in South Eastern Turkey.
Ozkan et al. (2009) found out that the tolerance limit for kernel damage was 3.5% against Eurygaster
maura in a research conducted Central Anatolian Region of Turkey in 1997-2008. The ET was 6-8
nymphs, which could be changed depending on spike number per square meter and kernel number each
spike.

The ET determined in Turkey and out of Turkey varies greatly by ranging from 2 to 20 nymphs per
square meter. This difference depends on socio-economic needs of the country, usage purpose of wheat,
phenological stage of wheat, growth stage of the sunn pest, and tolerance limit for kernel damage in the
country. In this study, the ET determined in South Eastern Turkey conditions is dynamic, which can be
changed by parameters (Nymph plus NGAs per square meter, spike number per square meter and kernel
number each spike) that are determined by climatic conditions in different years. In this research, if we
accept the kernel damage limit as 3%, the ET is 6 nymph plus new-generation adults per square meter at
2780 kg/ha, 8 nymphs at 3240 kg/ha, 10 nymphs at 3700 kg/ha, and 12 nymphs at 4170 kg/ha (Table 5).
The ET of 6 nymph plus new-generation adults per square meter at 2780 kg/ha is lower than 8-9 nymphs
at 2,000-2,500 kg/ha suggested by Canhilal et al. (2005).
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The ET was applied as 10 nymphs per square meter for many years regardless of the region,
wheat type and variety until 2010 when it was reduced to 7-8 where the yield was around 2500 kg / ha as
suggested by Canhilal et al. (2005). In our region, with the exception of extreme conditions (drought or
excessive rain fall), the ET should be 10 nymphs per square meter when plant number is 400 at 3.5%
kernel damage tolerance limit and it could be higher or lower depending on plant number (Table 5) as it
went up to 20 nymphs when there was 600-700 plants in Pavlov's research (1975).

Acceptable kernel damage depends on insect species, wheat type (Durum or bread wheat), wheat
variety, the protein quality and quantity of wheat in the studies conducted in and out of the country. We
believe that this is an important issue and ET studies should be conducted with common wheat varieties
on variety base country-wide starting in South Eastern Turkey to determine kernel tolerance limit. This will
help us to determine economic thresholds based on wheat variety. In addition to resistant wheat varieties
should be determined against to sunn pest damage and disseminated in the region, research studies
aimed to forecasting and warning system at the control of sunn pest must be improved. In these studies,
the varieties with high quality proteins should be prioritized.
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