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Executive Summary 
 

This report includes demonstration, evaluation, and research activities of the AWPM of 
the Russian wheat aphid and Greenbug project for the third year of Phase II (October 1, 2004 – 
September 30, 2005).  During this time period we made substantial progress towards completing 
project objectives.  This report does not include information on organizational meetings and 
related activities.  However, as was the case in previous years, the end products of many of those 
meetings and activities are the demonstration, evaluation, and research activities summarized in 
the report.  Integration of information from various demonstration and evaluation activities is in 
progress, and this report reflects more integration of various project activities than reports from 
previous years.   

Some significant AWPM activities and observations during the reporting period are 
highlighted below, while many more are outlined in the full report:   

1) Greenbug populations were non-economic throughout most of the suppression area 
during the 2004-2005 growing season.  There were however, severe local infestations in areas 
adjacent to our demonstration study locations, which impacted some growers involved in the 
AWPM project.  There continued to be evidence for lower greenbug infestations in diversified 
farming systems, however the reasons for this are unclear, and there is no clear evidence that 
enhanced biological control by natural enemies is an important factor contributing to the lower 
aphid populations on diversified farms.  In Zones 1 and 2 of the AWPM for wheat project 
(eastern Colorado, eastern Wyoming, far western Nebraska and far western Kansas, Russian 
wheat aphid infestations were economic, and were generally higher for traditional wheat-fallow 
growers compared to the diversified growers.   

2) The new strain of Russian wheat aphid, which damages previously resistant winter 
wheat varieties, was monitored in AWPM demonstration zones 1 and 2.  Results of surveys 
indicate that the new biotype is now widespread in Colorado and western Nebraska.  In contrast 
to the situation last year, the new biotype appears to be reaching a position of dominance in 
wheat in the High Plains.   

3) Socioeconomic evaluation accomplishments were numerous.  As with the previous 
year, 145 growers were interviewed in 2005 to determine management practices, and other 
information to help evaluate diversified and traditional wheat production systems.  Analysis of 
data for 2003 indicated that there was no difference in net profit between traditional and 
diversified production systems.   

4) Important research and development progress included:  a) The Oracle© on-line 
database described last year was completed and deployed.  Data from all demonstration sites is 
entered into the database is facilitating project wide evaluation, which is underway; b) Field 
studies of the dynamics of aphids and their natural enemies in diversified compared to wheat or 
sorghum only cropping systems are entering their third year.  Data from the first two years have 
been evaluated and have failed to demonstrate major differences in natural enemy complexes or 
levels of biological control among the treatments; and c) Remote sensing research has progressed 
well and has identified promising avenues of inquiry that have high potential to lead to 
development of an operational aphid monitoring system, although this is unlikely to occur during 
the project because the problem has proven more difficult than we initially anticipated.   
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1.  Field Demonstration Site Summaries 
 
a.  Colorado Demonstration Sites 
 
Prepared by Hayley Miller and Laurie Kerzicnik; Colorado State University, Dept. of Bioagricultural Sciences and Pest 
Management 
 
Introduction 

Three counties, Baca, Prowers, and Weld, each with a conventional and diversified grower, were sampled 
for the 2004-2005 Colorado AWPM season.  Figure 1 shows the counties in Colorado, with the AWPM 
counties circled in red, and Table 1 describes the county, rotation, and grower.   

Sampling commenced in late August and continued until October, 2005.  The fields were mapped with 
GPS coordinates using an HP IPAQ 2215 Pocket PC.  Soil samples were taken prior to planting for an 
assessment of soil fertility and available soil water.  Wheat fields were sampled for volunteer wheat and weeds 
before planting, and then sampled for pests, natural enemies, and weeds following planting.  For sorghum, 
sunflower, and millet, pests and natural enemies were sampled.  Weather stations were set up adjacent to all 
field sites to measure temperature and precipitation.   The results of this season are organized by county and 
crop.   
 
Table 1.  Counties, rotations, and growers for the 2004-2005 Colorado growing season, AWPM. 

County Rotation Cooperator 
Baca W-F Cooperator #52 
Baca W-Sunf.-F Cooperator #53 
Prowers W-F Cooperator #51 
Prowers W-S-F Cooperator #50 
Weld W-F White 
Weld W-M-F Cooperator #55 

 

Materials and Methods 

Soil Sampling 
 Each field (both wheat and alternative crops) was divided up into four benchmark areas, which 
represented the major variation in soil conditions (i.e. soil type/slope) in the field.  At these benchmarks, 0-4 
inch soil samples are taken prior to planting and analyzed for pH, organic matter, N, P, K, and Zn.  Also, a 
hydraulic soil sampler was used to sample available soil water in one-foot increments down to six feet.   
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Figure 1.  Colorado counties.  AWPM counties are circled in red. 

 

Wheat 
 Wheat fields were divided into a grid of 25 uniformly sized cells, distributed to provide good 
coverage of the field.  Winter wheat sampling began two weeks before planting and continued 
until two weeks following harvest.  Sampling was conducted for aphids, parasitoids, natural 
enemies, and other pests.  Aphids were sampled once in October with the exception of Baca 
County and again in the spring.  Twenty-five one-foot rows were taken once per month at each 
site and extracted using Berlese funnels.  Aphids were also sampled by collecting four tillers at 
each of the 25 points biweekly.  Predators were sampled visually in a two-row foot area 
biweekly, and, when the wheat was tall enough, 25 sweep net samples were taken along with the 
visual sample at each point.  Weeds were also sampled at the same 25 grid sampling points in the 
field as for insects.  In addition, the field border area was surveyed for the presence or absence of 
grasses serving as aphid hosts. Volunteer wheat samples were taken August, September, and 
November, 2004 to identify the presence of wheat curl mites.  The Hessian fly is not a potential 
pest in Colorado, thus sampling was not necessary.  In spring, the number of sawflies in the 
routine sweepnet samples for predators was counted, and, if populations of adults were seen 
during boot through early heading, a 100-tiller sample was taken from across the field to 
determine the larval infestation level.  Significant disease incidence would likely be low, but 
diseases would be reported if found.  Surveys and coinciding survey times are displayed below in 
Table 2. 
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Table 2.  Surveys and survey times for sampling in winter wheat. 

Surveys Survey Times 
In-field weed sampling Pre-plant, post-plant, 0-14 days before jointing, 0-14 days before 

harvest, 0-14 days after harvest 
Field border weed sampling Pre-plant, 0-14 days after harvest 
Volunteer wheat (for aphids and mites) Pre-plant 
Berleses (aphid counts) Post-plant, 1x/month in spring 
Aphid tiller  Post-plant, biweekly in spring 
2-row foot predator Post-plant, biweekly in spring 
Predator sweeps Biweekly in spring (when wheat is tall enough) 
 

Sorghum 
 In sorghum, monitoring was conducted during the following times: late whorl, flowering, and grain fill, 
starting in early August.  If aphid populations were to become significant, sampling would be conducted more 
frequently.  Data collection consisted of samples to determine aphid and beneficial insect abundance and 
samples taken once during flowering through grain filling for headworm infestations.  Sampling with the 
IPAQ handheld computer was accomplished at 10 locations, which were chosen to give good coverage of the 
field.  At each of the 10 locations, 50 plants were visually sampled for beneficial insects.  For aphids, three 
plant samples were taken at each location (beginning, middle, and end of the row) to estimate aphid 
abundance.  Each plant was cut off at the soil level.  Aphids were counted inside the individual leaves and 
whorl of the plants.  The infestation level of banks grass mite should be determined each time the field is 
sampled.  Headworm samples are taken only one time during the sorghum growing season, after flowering. 
 

Sunflower 
Sunflower sampling was undertaken at four benchmark areas using several methods, and sampling 

commenced early August.  Seed weevils were counted per head on 15 heads chosen at random in each of the 
benchmarks.  Counting started at late bud stage (R-4.0) and stopped when the majority of the plants had 
passed 70% pollen shed (R-5.7).  Also, the head clipper weevil was surveyed, counting the number of cut 
plants in 50 row foot in each of the four benchmark areas.  The head moth was surveyed two weeks after 
plants reach the 5.9 stage.  Heads were removed from 15 plants chosen at random from the four benchmark 
areas.  Sunflower stem weevils and stem borers were counted at plant maturity.  Fifteen stalks were randomly 
chosen at each of the four benchmark areas, the stalks were split, and the number of weevil and stem borer 
larvae were counted. 
  

Millet 
 One sampling to determine the presence of cereal aphids and possible natural enemies was done in 
late summer (late August).  Twenty-five one-foot row plant samples were randomly taken throughout the 
field to determine insect and mite density, extracted with Berlese funnels.  Predators were sampled by visually 
inspecting 25 one-foot rows across the field. 
 

Weather 
 Weather stations were stationed near benchmark areas at each field site.  Temperature and rainfall 
were measured every 15 minutes, downloaded at least once a month, and recorded for each cooperator. 
 

 5



 

Results 

Baca County-Cooperator #52 (W-F) and Cooperator #53 (W-Sunf.-F) 
 
Wheat 
 
H. Aphids 
 Aphids were sampled March through June.  Table 3 shows D. noxia, S. graminum, R. padi, and R. maidis 
densities for each grower.  In March, D. noxia was the most abundant aphid at both sites.  Diuraphis noxia 
densities decreased for Cooperator #53 and increased for Cooperator #52 in April. D. noxia peaked late May 
for Cooperator #53 and mid June for Cooperator #52.   Total aphid densities were higher at Cooperator 
#53’s site at each sampling date with densities at least doubling those at Cooperator #52’s site with the 
exception of early March.   
 
Table 3.  Aphids for Baca County cooperators, Cooperator #52 and Cooperator #53, in wheat.  Total # 
aphids=sum of aphids for 25, 1-ft rows, extracted by Berlese funnels. 

Date Aphid Cooperat
or #52 

Cooperat
or #53 

D. noxia 57 9 
S. graminum 1 0 
R. padi 7 2 

1 March 2005 

R. maidis 0 0 
 Total 65 11 

D. noxia 25 165 
S. graminum 0 19 
R. padi 0 4 

21 April 2005 

R. maidis 0 0 
 Total 25 188 

D. noxia 116 748 
S. graminum 6 18 
R. padi 4 4 

19 May 2005 

R. maidis 0 0 
 Total 126 770 

D. noxia 194 464 
S. graminum 0 0 
R. padi 0 0 

14 June 2005 

R. maidis 0 0 
 Total 194 464 

 
 
 Aphid densities from biweekly tiller sampling are displayed in Table 4.  Diuraphis noxia peaked on 
June 1, 2004 for both cooperators.  Populations of D. noxia at both cooperators mimicked the densities 
retrieved from Berlese extractions.   
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Table 4.  Total aphids per 100 tillers collected biweekly for each cooperator. **=missing data 

S. graminum D. noxia 
 Cooperator 

#52 
Cooperator 

#53 
Cooperator 

#52 
Cooperator 

#53 
1 March 2005 0 0 30 8 

17 March 2005 ** ** ** ** 

7 April 2005 0 0 128 44 

21 April 2005 0 0 1 7 

5 May 2005 0 0 5 84 

19 May 2005 0 0 3 176 

1 June 2005 16 0 130 554 

14 June 2005 0 0 1 8 

27 June 2005 0 0 0 0 

 
I. Predators 

For the diversified and conventional farmers, natural enemies were prevalent in wheat.  Table 5 shows 
the major predators present in wheat from April 21 through June 27, 2005.  Natural enemy densities were 
relatively consistent between cooperators. The most abundant natural enemy for both cooperators was 
coccinellidae, which was prevalent at all sweepnet sampling dates.  Spiders and nabids were also abundant.  
Cooperator #53 had a greater density of Coccinellidae immatures and adults.  Wheat stem sawflies were not 
found in any of the sweepnet samples.  Also, no parasitoids were found in any of the infested wheat tillers 
that were placed in the emergence canisters.  Predator densities from visual biweekly samples included 
spiders, coccinellidae, and minute pirate bugs.  

 
Table 5.  Predators in wheat for Cooperator #52 and Cooperator #53.  Each date represents a total for 625 
sweepnet samples per site (at 25 points). 

 Nabidae 
Spiders 

(Aranae) 
Coccinellidae 

Coccinellidae 
(imm.) 

Lacewing 
(Chrysopidae) 

Minute Pirate 
Bug 

Big-Eyed Bug 

Date  #52  #53  #52  #53  #52  #53  #52  #53  #52  #53  #52  #53  #52  #53 

21 April 2005 2 4 3 4 5 6 0 0 0 1 2 3 0 1 
5 May 2005 5 3 30 6 1 2 1 1 3 1 0 1 2 0 

19 May 2005 59 24 73 26 33 50 1 38 0 12 3 8 3 1 
1 June 2005 10 42 59 79 135 245 0 7 3 2 0 2 6 5 

14 June 2005 30 57 74 74 223 663 12 54 12 32 1 0 7 7 
27 June 2005 - 1 - 48 - 19 - 0 - 0 - 0 - 1 

 
J. Other Pests 
 In addition to aphids, two pests found in Colorado AWPM sites are the wheat curl mite and wheat 
head armyworm.  Table 6 shows mite and wheat head armyworm densities for August through June.  Wheat 
curl mite was present at Cooperator #53’s. Wheat head armyworms densities were abundant through out the 
sampling at both cooperators.   
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Table 6.  Other pests present during preplant tiller samples and 625 sweepnet samples per site (at 25 points) at 
both Cooperator #51 and Cooperator #50 sites, 8 August  2004-21 June 2005. **=missing data 

Wheat Curl Mite Wheat head armyworm  
Cooperator #52 Cooperator #53 Cooperator #52 Cooperator #53 

20 August 2004 ** 9   
5 May 2005   60 0 
2 June 2005   15 50 

14 June 2005   31 89 
27 June 2005   ** 49 

 
 
Weeds 

Field bindweed, and jointed goatgrass were present at both Cooperator #53 and Cooperator #52’s in 
field before harvest.  After harvest within the field, field bindweed and volunteer wheat densities were high at 
both cooperators.  Bromus, wild oat, barnyard grass, and wheatgrass were prevalent in the field borders at 
Cooperator #52 after harvest.  Bromus and crested wheat grass were present in high densities in the field 
borders after harvest at Cooperator #53’s.   
 
Sunflower 
 
 Sunflowers were sampled August through September for seed weevils, heaclipper weevils, sunflower 
head moths, stem weevils, and stem borers (Table 7).  Seed and headclipper weevils were sampled on August 
9, and densities were very low.  Headmoth larvae were sampled on August 25, with 25 larvae present in the 
60 heads sampled.  Stem weevils and borers were sampled in October. 
Table 7.  Insects sampled for sunflower for Cooperator #53, 2004, totaled over 60 sunflower plants at each date. 

 
Seed weevil 

Headclipper 
weevil 

Sunflower 
head moth 

Stem weevil Stem borer 

9 August 2005 5 0 0 0 0 
25 August 2005 0 0 25 0 0 

October 2005      
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Wheat  

 

Prowers County - Cooperator #51 (W-F) and Cooperator #50 (W-S-F) 
 
Wheat 
 
K. Aphids 
 Aphids were sampled in October, following planting, and again in March through June.  Table 8 shows D. 
noxia, S. graminum, R. padi, and R. maidis, and their densities for each grower.  For Cooperator #51, in October, R. 
padi was present, but D. noxia, and R. maidis were the most abundant aphids.  Diuraphis noxia was present at both 
site’s in October and March, in April D. noxia, R . padi,  were present at both sites.  D. noxia peeked in May and 
June at both site but was much greater in abundance at Cooperator #51s. S. graminum, R. padi, were present at both 
sites in smaller numbers in May and June. 
Table 8.  Aphids for Prowers cooperators, Cooperator #51 and Cooperator #50, in wheat.  Total # aphids=sum of 
aphids for 25, 1-ft rows, extracted by Berlese funnels.   

Date Aphid Cooperator 
#51 

Cooperator 
#50 

D. noxia 13 8 
S. graminum 0 0 
R. padi 1 0 

20 October 2004 
(Post-Planting) 

R. maidis 10 2 
Total 24 10 

D. noxia 3 2 
S. graminum 0 0 
R. padi 0 0 

8 March 2005 

R. maidis 0 0 
Total 3 2 

D. noxia 2 6 
S. graminum 2 0 
R. padi 5 2 

13 April 2005 

R. maidis 0 0 
Total 9 8 

D. noxia 4595 1659 
S. graminum 107 85 
R. padi 71 47 

25 May 2005 

R. maidis 0 0 
Total 4773 1791 

D. noxia 7744 1701 
S. graminum 0 127 
R. padi 2 15 

8 June 2005 

R. maidis 0 0 
 Total 7746 1843 

    
 
 Aphids densities from biweekly tiller sampling are displayed in Table 9.  D. noxia was present at all 
biweekly sampling dates in the spring, with the exception of March 8.  Aphid densities were low for both species 
with the exception of D. noxia at Cooperator #51’s May and early June. 
 
Table 9.  Total aphids per 100 tillers collected biweekly at each date for each cooperator.   

S. graminum D. noxia 
 Cooperator 

#51 
Cooperator 

#50 
Cooperator 

#51 
Cooperator 

#50 
8 March 2005 0 0 0 0 

23 March 2005 0 0 0 2 
13 April 2005 0 0 0 24 
26 April 2005 0 0 8 1 
12 May 2005 0 0 115 0 
25 May 2005 0 0 212 8 

8 June 2005 0 0 116 3 

22 June 2005 0 0 1 0 
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L. Predators 

There were no apparent differences in natural enemy densities between cooperators.  Table 10 shows the 
major predators for wheat from April 13 through June 21, 2005.  Spider, Nabid, and Coccinellidae, densities 
were high in late May for Cooperator #51 and Cooperator #50.  Lacewings, syrphids, big-eyed bugs, and 
minute pirate bug populations were present but at very low densities.  Predator densities from visual biweekly 
samples included spiders, coccinellidae, big-eyed bugs, carabids, and minute pirate bugs for both cooperators 
at minimal densities. 

 
Table 10.  Predators in wheat for Cooperator #51 and Cooperator #50.  Each date represents a total of 625 
sweepnet samples per site (at 25 points).  **=missing data 

 Nabidae 
Spiders 

(Aranae) 
Coccinellidae 

Coccinellidae 
(imm.) 

Lacewing 
(Chrysopidae) 

Syrphid Minute Pirate 
Bug 

Big-Eyed 
Bug 

Date  #51  #50 #51 #50 #51 #50 #51 #50 #51 #50  #51  #50 #51 #50  #51 #50 

13 April 2005 28 1 21 1 3 3 0 0 11 5 1 0 11 1 2 0 
26 April 2005 9 0 9 3 3 1 0 0 3 1 0 0 11 0 3 0 
12 May 2005 5 1 26 29 6 1 1 1 1 0 0 0 2 5 0 0 
25 May 2005 71 96 103 356 283 418 78 14 27 4 10 2 0 1 2 6 
8 June 2005 40 ** 71 ** 328 ** 63 ** 22 ** 0 ** 1 ** 14 ** 

21 June 2005 11 2 60 100 24 14 43 0 47 10 0 0 1 1 5 33 
 
M. Other Pests 
 Table 11 presents the density of wheat curl mites observed preplant, and wheat head armyworm 
present in sweepnet samples May 25 through June 21, 2005.  Wheat curl mite populations were low for both 
cooperators for August through November 3, 2004.  Densities of wheat head armyworm were high for both 
cooperators in May and June. 
 
Table 11.  Other pests present during preplant tiller samples and 625 sweepnet samples per site (at 25 points) at 
both Cooperator #51 and Cooperator #50 sites, 8 August  2004-21 June 2005. **=missing data 

Wheat Curl Mite Wheat head armyworm  
Cooperator #51 Cooperator #50 Cooperator #51 Cooperator #50 

8 August 2004 0 0   
3 November 2004 2 6   

25 May 2005   63 23 
8 June 2005   90 ** 

21 June 2005   85 86 
 
N. Weeds and Disease 

Prior to planting Cooperator #51 had intermediate wheatgrass and volunteer wheat present in his 
wheat field borders.  Wheat field borders for Cooperator #50 did not contain any grasses of significance prior 
to planting.  For Cooperator #51, jointed goat grass was present within field two weeks prior to harvest.  
Lambsquarter was also present at this time but was minimal.  Following harvest, crested wheat grass, and 
pigweed densities were abundant within Cooperator #51’s field, and wheat grass was present along the field 
borders.  For Cooperator #50, pigweed was present two weeks prior to harvest within field.  Following 
harvest, field bind weed densities within field were abundant.  Volunteer wheat and lambsquarter were also 
present at this time but were minimal.  Cooperator #50 field border following harvest had minimal volunteer 
wheat.     
 
Sorghum 
 
 Sorghum was sampled three times at Cooperator #50’s site, and Table 12 below displays predator 
and pest densities for the 10 benchmark areas sampled.  Rhopalosiphum maidis, was the most abundant aphid, 
with densities peaking at 800 at the late whorl stage and 347 and grain fill.  Schizaphis graminum was present 
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during the flowering sampling period.  Coccinellids and lacewings were the most abundant predators.  
Spiders, nabids, minute pirate bugs, and big-eyed bugs were present, but their densities were minimal. Banks 
grass mite was present in small number at late whorl.  No headworms were found at grainfill.  Sandburs were 
very dense in late August through October in the field. 

 
Table 12.  Predators and pests of sorghum at Cooperator #50's field during late whorl, flowering, and grainfill.  Data represent predator totals of 10 
benchmark areas for each date. 

 
S. 

graminum 
Black 

Mummy 
Gold 

Mummy R. maidis Nabidae Spider 
(Aranae) Coccinellidae Lacewing 

(Chrysoptera) 
Big Eyed 

Bug 
Minute 

Pirate Bug 
10 August 2005 0 0 0 800 18 8 110 1 1 1 
31 August 2005 6 0 2 0 0 1 5 98 0 0 

5 October  2005 0 1 0 347 1 34 1 41 0 0 

 
 
Weld County- Cooperator #283 (W-F) and Cooperator #55 (W-M-F and Sunf.) 

Wheat 

O. Aphids 
 Aphids were sampled once in October and again from March through July.  Table 13 shows D. noxia, S. 
graminum, and R. padi, and their densities for each grower.  Rhopalosiphum maidis, S. graminum, and R. padi, was 
present at minimal densities at both sites through out the sampling season. Diuraphis noxia densities increased 
significantly from March to April and remained high in May-July for both sites with the exception of 
Cooperator #55 in July.  Table 14. shows the number of aphids per 100 tillers at each sampling date.  
Diuraphis noxia was consistently found in the 100 tillers from May through July. 
 
 
Table 13.  Aphids for Weld County cooperators, Cooperator #283 and Cooperator #55, in wheat.  Total # aphids=sum 
of aphids for 25, 1-ft rows, extracted by Berlese funnels. 

Date Aphid Cooperat
or #283 

Cooperat
or #55 

D. noxia 3 0 
S. graminum 0 0 
R. padi 5 8 
R. maidis 22 32 

19 October 2005 
(Post-Planting) 

Total 30 40 
D. noxia 0 4 
S. graminum 0 0 
R. padi 0 0 

29 March 2005 

Total 0 4 
D. noxia 161 62 
S. graminum 8 6 
R. padi 1 5 
R. maidis 0 1 

25 April 2005 

Total 170 74 
D. noxia 1016 295 
S. graminum 0 0 
R. padi 4 0 

26 May 2005 

Total 1020 295 
D. noxia 3200 1481 
S. graminum 37 64 
R. padi 28 20 

20 June 2005 

Total 3265 1565 
D. noxia 2923 56 
S. graminum 0 0 
R. padi 0 0 

7 July 2005 

Total 2923 56 
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Table 14.  Total aphids per 100 tillers collected biweekly at each date for each cooperator.  **=no sample due 
to rain. 

S. graminum D. noxia 
 Cooperator 

#283 
Cooperator

#55 
Cooperator

#283 
Cooperator#

55 
11 March 2005 0 0 0 0 

29 March 2005 0 0 0 0 

15 April 2005 0 0 0 0 

25 April 2005 0 0 0 0 

9 May 2005 0 0 3 6 

26 May 2005 0 1 65 1 

9 June 2005 0 1 39 25 

20 June 2005 0 0 0 65 

7 July 2005 0 0 0 27 

 
P. Predators 

Table 15 shows the major predators for wheat from April 25 through July 7, 2005.  Nabids, spiders, 
coccinellids, and lacewings were present for both cooperators 9 May through 7 July with densities at 
Cooperator #283’s site usually doubling those of Cooperator #55’s.  The minute pirate bug was abundant on 
6 May at Cooperator #55’s and 6 May through 7 June at Cooperator #283’s.  Coccinellids immatures, big-
eyed bugs, and syrphids were present at Cooperator #283’s.  Densities of big-eyed bugs and coccinellid 
immatures were smaller at Cooperator #55’s.    

Table 15.  Predators in wheat for Cooperator #283 and Cooperator #55.  Each date represents a total for 625 
sweep net samples per site (at 25 points). 

 Nabidae 
Spiders 

(Aranae) 
Coccinellidae 

Coccinellidae 
(imm.) 

Lacewing 
(Chrysopidae) 

Syrphid Minute 
Pirate Bug 

Big-Eyed Bug 

Date  #283 #55 #283  #55  #283  #55  #283  #55  #283  #55  #283  #55  #283  #55  #283  #55 

25April 2005 0 1 1 1 1 2 0 0 0 0 0 0 0 0 0 0 
9 May 2005 7 8 8 8 3 7 0 0 1 1 1 0 2 0 0 2 

26 May 2005 20 4 29 10 22 4 38 0 8 5 1 0 112 260 3 18 
  9 June 2005 71 40 60 49 119 18 3 0 25 21 0 0 49 1 4 3 

20 June 2005 190 54 200 77 620 51 28 0 24 2 0 0 289 8 35 6 
7 July 2005 42 14 100 128 178 13 463 12 53 20 0 0 56 0 2 0 

 
Q. Other Pests 
 Table 16 presents the density of wheat curl mites observed pre and post plant, and wheat head 
armyworm present in sweepnet samples May 26 through July 7, 2005.  Wheat curl mite populations were high 
for Cooperator #55 in September, and present at each cooperator for November.  Densities of wheat head 
armyworm were present each month of May-July for Cooperator #283 and were present in July at 
Cooperator #55’s. 

 



 

 
Table 16.  Other pests present during preplant tiller samples and 625 sweepnet samples per site (at 25 points) 
at both Cooperator #283 and Cooperator #55 sites, 10 September  2004-7 July 2005. **=missing data 

Wheat Curl Mite Wheat head armyworm  
Cooperator 

#283 
Cooperator #55 Cooperator 

#283 
Cooperator #55 

10 September 2004 0 152   
16 November 2004 5 24   

26 May 2005   3 0 
9 June 2005   2 0 

20 June 2005   15 0 
7 July 2005   9 22 

 
R. Weeds 
 Before planting, volunteer wheat and crested wheat grass were abundant around Cooperator #283’s 
field border.  Before planting at Cooperator #55’s no field border weeds were present.  For Cooperator 
#283, pigweed densities were moderate two weeks before and after harvest within the field, and wheat grass, 
bromus, field bindweed, crabgrass, and lambsquarter densities were low.  Two weeks before harvest at 
Cooperator #55’s no weeds were surveyed, after harvest jointed goat grass was present but minimal in 
Cooperator #55’s field.  Field borders contained crested wheatgrass and Bromus sp. at low densities at both 
sites following harvest.  Puncture vine continues to be a problem on the north half of the field plots at 
Cooperator #55’s.      
 
Millet 
 
 Millet was sampled once on 22 August 2005.  After extracting 25, one-foot rows, with Berlese 
funnels, aphid pests were present.  After visual analysis of predators, Nabids, a spider, coccinellidae, and 
Minute pirate bugs were present in a total of 25, one-foot row predator checks.  Millet was harvested before an 
additional sample could be taken. 

 

               Table 17.  Predators in millet for  Cooperator #55.  Each date represents a total for 625 sweep net samples per site (at 25 points). 

 

 

S. graminum D. noxia 
R. maidis Nabidae Spider 

(Aranae) Coccinellidae Lacewing 
(Chrysoptera) 

Big Eyed 
Bug 

Minute 
Pirate 
Bug 

22 August 2005 32 1429 2436 2 1 15 0 0 16 

 

 



 

Weather 
Table 18.  Precipitation (in.) data for Sept. 2004-Sept. 2005 for all cooperators. **= missing data 

 
Cooperator #283 

(Briggsdale) 

Cooperator 
#55 

(Briggsdale) 

Cooperator 
#53 

(Springfield) 
Cooperator #52 

(Springfield) 

Cooperat
or #51 

(Lamar)  
Cooperator 

#50 (Lamar)

September 2004 0.81 1.82 0.22 0.00 0.00 1.71 

October 2004 0.25 0.63 0.00 0.34 0.00 0.91 

November 2004 0.00 0.12 1.66 ** ** 1.60 

December 2004 ** ** 0.00 ** ** 0.00 
January 2005 0.02 0.16 0.49 0.09 0.23 0.24 

February 2005 0.00 0.10 ** 0.08 0.26 0.34 
March 2005 0.00 0.53 ** 0.52 0.00 1.13 

April 2005 0.00 2.00 ** 0.70 ** 1.75 
May 2005 1.39 1.96 0.54 0.12 0.22 2.84 
June 2005 1.52 3.39 0.02 0.00 0.03 3.02 
July 2005 0.21 0.44 0.02 0.22 0.00 1.48 

August 2005 0.29 0.86 1.78 0.28 0.00 2.15 
September 2005 0.11 0.32 0.38 0.39 0.00 0.25 

Sept-Sept 4.60 12.33 5.11 2.74 0.74 17.42 

 
Summary 

For wheat, several observations were made for the 2004-2005 season.  There was an abundance 
of aphids for all cooperators, but Prowers Co., in particular.  Because of the new D. noxia biotype, it 
was interesting to observe an increase in aphid densities in comparison to the 2003-2004 season with 
the exception of Baca county.  Opposite of the previous year, Cooperator #53’s wheat was stunted 
and tillers were symptomatic.  Aphid densities were over double those of Cooperator #52’s, the 
conventional grower, at all but the first date sampled.  Cooperator #52’s field had rust.  In Prowers 
Co., aphid densities were high for Cooperator #51’s W-F rotation, .along with a significant amount 
of rust.   For Cooperator #50, the aphid densities were a quarter of that of Cooperator #51’s wheat 
failed.  Weld Co. mimicked the results for Prowers Co., with the W-F grower, Cooperator #283, 
maintaining at least double the D. noxia densities of Cooperator #55.  Other pests, including 
cutworms, wheat curl mites, and wheat stem sawfly populations, were minimal.  Predator populations 
were relatively consistent between diverse and conventional growers within each county.  Weeds and 
alternative host grasses did not play a significant role within the field or along the field borders at any 
of the sites. Field bind weed densities were high after harvest at Cooperator #52 and Cooperator 
#53’s sites.  Cooperator #51 and Cooperator #50 have small densities of pigweed, bindweed, jointed 
goat grass, wheatgrasses, and lambsquarter through out the year.  Pigweed was a problem after 
harvest at Cooperator #283s, and Cooperator #55’s has a consistent problem with puncturevine on 
the north end of the plots.  All sites had volunteer wheat present at some time and all but Cooperator 
#52’s site had small densities of wheat curl mite.  

For the alternative crops, in Baca Co., sunflowers at Cooperator #53’s had very few pests.  Seed 
weevils, sunflower head moths, and stem weevils and borers were present but minimally.  In Prowers 
Co., Cooperator #50’s sorghum contained high densitites of R. maidis, in August and October, 
several predators, and minimal mite infestations.  Maize dwarf mosaic was prevalent in the sorghum 
in October.  The field was infested with sandbur, and puncture vine for flowering and grainfill 
sampling periods.  In Weld Co., millet contained high densities of D. noxia and R. madis and very few 
predators.   
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Precipitation was highest for the end of May and June at Cooperator #283, Cooperator #55, and 
Cooperator #50 sites.  Monthly precipitation varied for Cooperator #53, Cooperator #52, and 
Cooperator #51 because of missing weather data due to weather station replacement or repair.  
Precipitation was significantly greater for the alternative crops in Prowers and Weld counties, 
however, it was minimal for Baca Co.   

We continue to extend communications with all cooperators, and growers continue to take 
interest in the project.  We send cooperators a copy of their soil surveys, and, along with these 
surveys, we send a note to give them a short update of when we will sample and the insects and pests 
we have encountered during our sampling. In addition, we plan to meet with cooperators during the 
winter season and give each a report of the 2004-2005 season results.   
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b.  Texas Demonstration Sites 
 
Prepared by Mustafa Mirik, Gerald J. Michels, Jr., and Sabina Kassymzhanova-Mirik 
 
Summary 
 
Aphids and aphid natural enemies data were collected and evaluated at four winter wheat 
demonstration sites in the Texas Panhandle during the 2004-2005 growing season.  Soil, 
yield, and weather data have been collected for all demonstration sites. Densities of aphid 
and aphid natural enemies were summarized as total, maximum, and average for field. 
Berlese and sweepnet samples were also taken at those wheat fields. Overall, densities of 
aphids and aphid natural enemies did not build up in the Texas Panhandle during the 
2004-2005 wheat growing season. 
 
Along with species data collection at areawide IPM demonstration sites in the Texas 
Panhandle, the applicability of remote sensing techniques was evaluated for Russian 
wheat aphid and greenbug densities and damage estimations were performed. Aphid and 
remote sensing data were collected at demonstration sites and other wheat fields infested 
by Russian wheat aphid and greenbug in Texas, Oklahoma, and Colorado. Six papers 
from this study were presented at the scientific meetings, one paper will be published in 
remote sensing proceedings, one has been accepted by Computers and Electronics in 
Agriculture, and two are currently in review.  
 
Deaf Smith County Wheat Demonstration Site: Wheat-fallow-wheat or wheat-
fallow-alternative summer crop rotation. 
 
Bird cherry-oat aphids and greenbugs were found in low densities from early fall to late 
spring, whereas Russian wheat aphid was not noticed at this site during the 2004-2005 
wheat growing season (Tables 1 and 3). Natural enemies of aphids (lady beetles, 
lacewings, spiders, Orius, nabids, etc.) were found but densities of these predators did not 
reach noticeable amount (Tables 1-2).  Johnsongrass and crested wheatgrass were 
common at the field borders and pigweed was found in the field. Yield data were 
obtained at this areawide demonstration site along with soil and weather data.  
  
Hutchinson County Wheat Demonstration Site: Wheat-fallow-sorghum rotation. 
 
Bird cherry-oat aphids and greenbugs were found in low densities from early fall to late 
spring, whereas Russian wheat aphid was not noticed except two sampling dates at this 
site during the 2004-2005 wheat growing season (Tables 4 and 6). In April and May, low 
densities of Russian wheat aphid were found at the Hutchinson Country demonstration 
site. Natural enemies of aphid (lady beetles, lacewings, spiders, Orius, nabids, etc.) were 
found but densities of these predators did not reach noticeable amount (Tables 4-5).  
Johnsongrass and crested wheatgrass were common at the field borders and no weed 
species were found in the field. Yield data were collected at this areawide demonstration 
site along with soil and weather data.  
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Ochiltree County Wheat Demonstration Site: Wheat-fallow-wheat rotation. 
 
Sampling dates, wheat growth stages, population dynamics of insect species found in this 
field are presented in Tables 7-9. Low densities of bird cherry-oat aphid were found from 
late fall to late spring. Greenbug was rarely found. Russian wheat aphid was found in 
April and May. Beneficial insects were found in low numbers in this field. Chenopodium 
was found in the field. Weed species found at the field borders were crested wheatgrass, 
jointed goatgrass, Johnsongrass, and brome spp.  
 
Swisher County Wheat Demonstration Site: Continuous wheat and grazing. 
 
Greenbugs and bird cherry-oat aphids were found in low numbers in the field during the 
2004-2005 wheat growing season (Tables 10-12). Russian wheat aphid occurred once in 
June. Densities of beneficial insects found in this field were low (Tables 10-11). 
Common weed species found in this field were field bindweed and chenopodium. At the 
field borders, Johnsongrass, crested wheatgrass, and jointed goatgrass were found.  
 
Manuscripts: 
 
M. Mirik, G.J. Michels, Jr., S. Kassymzhanova-Mirik, N.C. Elliott, V. Catana, D.B. 
Jones, and R. Bowling. Using digital image analysis and spectral reflectance data to 
quantify greenbug (Homoptera: Aphididae) damage in winter wheat. Computers and 
Electronics in Agriculture. Accepted.  
 
Mustafa Mirik, Gerald J. Michels, Jr, Sabina Kassymzhanova-Mirik, David Jones, 
Norman C. Elliott, Vasile Catana, and Robert Bowling. Hyperspectral field spectrometry 
for estimating greenbug (Homoptera: Aphididae) damage in wheat. Proceedings of 20th 
Biennial Workshop on Aerial Photography, Videography, and High Resolution Digital 
Imagery for Resource Assessment 
4-6 October 2005*Weslaco, Texas. In Press. 
 
Mustafa Mirik, Gerald J. Michels, Jr., Sabina Kassymzhanova-Mirik, Norman C. Elliott, 
and Roxanne Bowling. Spectral Measurement of Greenbug (Homoptera: Aphididae) 
Density and Damage to Wheat Growing under Field and Greenhouse Conditions. Journal 
of Economic Entomology. In Review. 
 
M. Mirik, G.J. Michels, Jr., S. Kassymzhanova-Mirik, and N.C. Elliott. Reflectance 
characteristics of Russian wheat aphid (Homoptera: Aphididae) stress and density in 
winter wheat. Computers and Electronics in Agriculture. In Review. 
 
Scientific Meeting Papers: 
 
Mustafa Mirik, Gerald J. Michels, Jr, Sabina Kassymzhanova-Mirik, Norman C. Elliott, 
Vasile Catana, Robert Bowling.  Remote sensing for aphid detection and monitoring in 
what. Annual Meeting of Entomological Society of America, 15-18 December 2005, Fort 
Lauderdale, FL.  
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meeting of ESA Southwestern Branch Meeting, 29 February -3 March 2005, 
Albuquerque, NM.  
 
Mustafa Mirik, Gerald J. Michels Jr., Norman C. Elliott, Sabina Kassymzhanova-Mirik, 
and Vasile Catana. Ground-Based Remote Sensing for Aphid-Induced Stress and Aphid 
Density Estimation in Wheat in Field Conditions. Annual Meeting of ESA Southwestern 
Branch Meeting, 29 February -3 March 2005, Albuquerque, NM.  
 
Mustafa Mirik, Gerald J. Michels, Jr., Roxanne Bowling, Vanessa Carney, and Sabina 
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UT. 
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Table 1: Densities of aphids and beneficial insects collected by tiller and 2-row-feet sampling at the Deaf Smith County wheat 
demonstration site in 2004-2005, by date. 

Bird Cherry-oat  
Aphids    Greenbugs

Other 
Aphids 

Convergent 
Lady 

Beetles Nabids Spiders
Green 

Lacewing Sampling 
Dates 

Growth Stages 
(Zadoks Scale) T                     M A T M A T M A T M A T M A T M A T M A

10.14.2004                      18 21 10 0.21 9 6 0.09 . . . . . . . . . . . . . . .
12.06.2004                       28 3 1 0.03 2 2 0.02 7 4 0.07 1 1 0.01 5 1 0.05 4 1 0.04 . . .
01.10.2005                      29 15 3 0.15 4 2 0.04 . . . . . . 1 1 0.01 1 1 0.01 . . .
02.09.2005                     30 4 2 0.04 . . . . . . 15 3 0.15 . . . 3 1 0.03 . . .
03.08.2005                      31 . . . 6 4 0.06 . . . . . . . . . . . . 23 3 0.23
04.05.2005                       33 . . . 5 3 0.005 . . . 2 1 0.02 . . . . . . 1 1 0.01
05.17.2005                       69 . . . . . . 28 16 0.28 1 1 0.01 . . . . . . 4 1 0.04
06.15.2005                       92 . . . . . . . . . 1 1 0.01 . . . 1 1 0.01 1 1 0.01

T, M, and A: Total, maximum, and average number of individual aphids and beneficial insects from 100 tillers and 25,  
2-row-feet at the sampling dates, respectively. .:  Species were not found at the sampling dates.  

 
 
Table 2: Density of beneficial insects in sweepnet samples at the Deaf Smith County wheat demonstration site in 2004-2005, by date. 

 
Nabids 

 
Spiders 

Convergent 
Lady Beetles 

7-Spotted 
Lady Beetles 

Lady Beetle 
Immatures 

Green 
Lacewings 

Brown 
Lacewings 

 
Orius 

 
Sampling 

Dates T          M A T  M A T  M A T  M A T  M A T  M A T  M A T M A

04.05.2005                         11 7 0.44 41 6 1.64 36 5 1.44 13 3 0.52 4 1 0.16 9 2 0.36 1 1 0.01 5 1 0.2
05.17.2005                         

                         
8 7 0.32 35 5 1.4 37 4 1.48 16 4 0.64 6 2 0.04 10 3 0.4 1 1 02 3 1 0.12

06.15.2005 2 1 0.08 8 1 0.2 5 2 0.2 . . . . . . 7 2 0.28 . . . 3 1 0.12

T, M, and A: Total, maximum, and average number of beneficial insects collected by 25, 180 degree sweeps distributed throughout 
the field at the sampling dates, respectively. .: Beneficial insects were not found at the sampling dates. 
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Table 3: Density of aphids in Berlese samples at the Deaf Smith County wheat demonstration site in 2004-2005, by date. 

 
Number of  Tillers 

 

 
Bird Cherry-oat Aphids 

 

 
Greenbugs 

 
Sampling Dates T         M A T M A T M A

10.14.2004          1328 96 53 24 4 0.96 31 20 1.24

12.06.2004          

          

          

          

          

          

          

2225 144 89 21 4 0.84 2 2 0.08

01.10.2005 1984 137 79 27 12 1.08 8 4 0.32

02.09.2005 3016 166 121 42 10 1.68 6 3 0.24

03.08.2005 2050 114 82 1 1 0.04 15 4 0.6

04.05.2005 1589 99 64 6 2 0.24 5 3 0.2

05.17.2005 1025 71 41 2 1 0.08 11 4 0.44

06.15.2005 . . . . . . . . .

T, M, and A: Total, maximum, and average number of individual aphids collected from 25, 2-row-feet 
wheat samples distributed throughout the field at the sampling dates, respectively. .: Aphids were not found at  
the sampling dates. 
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Table 4: Densities of aphids and beneficial insects collected by tiller and 2-row-feet sampling at the Hutchinson County wheat 
demonstration site in 2004-2005, by date. 

 Bird Cherry-oat 
Aphids  Greenbugs  Russian Wheat   

 Aphids  Other Aphids  Spiders  Convergent  
 Lady Beetles 

 7-Spotted  
 Lady Beetles Sampling Dates Growth Stages  

(Zadoks Scale) 

T                     M A T M A T M A T M A T M A T M A T M A

12.06.2004                       25 4 2 0.04 . . . . . . . . . . . . . . . . . .

01.11.2005                       

                       

                       

                       

                       

                       

26 10 4 0.1 . . . . . . . . . . . . . . . . . .

02.15.2005 28 9 2 0.09 5 1 0.05 . . . . . . . . . 18 3 0.18 2 2 0.02

03.10.2005 30 4 3 0.04 . . . . . . . . . . . . 31 10 0.31 3 2 0.03

04.15.2005 33 137 32 1.37 4 3 0.04 1 1 0.01 4 3 0.04 2 1 0.02 11 3 0.11 3 2 0.03

05.19.2005 65 11 7 0.11 . . . 54 31 0.54 . . . . . . 2 1 0.02 1 1 0.01

06.17.2005 . . . . . . . . . . . . . . . . . . . . . .

T, M, and A: Total, maximum, and average number of individual aphids and beneficial insects from 100 tillers and  
25, 2-row-feet at the sampling dates, respectively. .: Species were not found at the sampling dates.  

 
 
Table 5: Density of beneficial insects in sweepnet samples at the Hutchinson County wheat demonstration site in 2004-2005, by date. 

 
Nabids 

 
Spiders 

Convergent 
Lady Beetles 

7-Spotted 
Lady Beetles 

Lady Beetle 
Immatures 

Green 
Lacewings 

Brown 
Lacewings 

 
Orius 

 
Sampling 

Dates T          M A T  M A T  M A T  M A T  M A T  M A T  M A T M A

04.15.2005                  . . . 3 1 0.12 3 2 0.12 1 1 0.04 . . . 3 1 0.12 . . . . . .
05.19.2005                        

                         
33 5 1.32 21 2 0.84 64 8 2.56 28 10 1.12 9 2 0.36 . . . . . . . . .

06.17.2005 2 1 0.08 8 1 0.32 6 2 0.24 . . . . . . 7 2 0.28 . . . 3 1 0.12

T, M, and A: Total, maximum, and average number of beneficial insects collected by 25, 180 degree sweeps distributed throughout 
the field at the sampling dates, respectively. .: Beneficial insects were not found at the sampling dates. 
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Table 6: Density of aphids in Berlese samples at the Hutchinson County wheat demonstration site in 2004-2005, by date. 
 

Number of 
Tillers 

Bird cherry-oat 
Aphids Greenbugs Sampling 

Dates T         M A T M A T M A

12.06.2004          1043 63 42 54 6 2.16 7 2 0.28
01.11.2005          

          
          
          
          
          

1768 128 71 49 28 1.96 12 9 0.48
02.15.2005 2389 141 96 25 17 1 6 3 0.24
03.10.2005 2815 180 113 24 5 0.96 15 7 0.6
04.15.2005 1338 84 54 198 71 7.92 73 11 2.92
05.19.2005 1513 99 61 1 1 0.04 31 22 1.24
0.6.17.2005 . . . . . . . . .

   T, M, and A: Total, maximum, and average number of individual aphids collected from 25, 1-row-foot wheat 
   samples distributed throughout the field at the sampling dates, respectively. .: Aphids were not found at the sampling dates. 
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Table 7: Densities of aphids and beneficial insects collected by tiller and 2-row-feet sampling at the Ochiltree County wheat 
demonstration site in 2004-2005, by date. 

 

 Bird Cherry-
oat Aphids  Greenbugs  Russian Wheat    

 Aphids  Other Aphids  Spiders  Convergent  
 Lady Beetles 

 7-Spotted  
 Lady Beetles Sampling Dates Growth Stages  

(Zadoks Scale) 

T                     M A T M A T M A T M A T M A T M A T M A

12.03.2004                       12 . . . . . . . . . . . . . . . . . . . . .

01.11.2005                      

                

                       

                       

                       

                       

13 2 1 0.02 . . . . . . . . . . . . . . . . . .

02.21.2005 23 1 1 0.01 . . . . . . . . . 5 1 0.05 . . . . . .

03.22.2005 30 12 5 0.12 1 1 0.01 . . . . . . 1 1 0.01 6 1 0.06 . . .

04.22.2005 49 2 2 0.02 . . . 31 9 0.31 . . . . . . 11 3 0.11 5 2 0.05

05.20.2005 66 2 1 0.02 . . . 1008 245 10 1 1 0.01 . . . 25 4 0.25 3 2 0.03

06.20.2005 92 . . . . . . . . . . . . . . . . . . . . .

   T, M, and A: Total, maximum, and average number of individual aphids and beneficial insects from 100 tillers 
   and 25, 2-row-feet at the sampling dates, respectively. .: Species were not found at the sampling dates.  

 23



 

Table 8: Density of beneficial insects in sweepnet samples at the Ochiltree County wheat demonstration site in 2004-2005, by date. 
 

 
Nabids 

 
Spiders 

Convergent 
Lady Beetles 

7-Spotted 
Lady Beetles 

Lady Beetle 
Immatures 

Green 
Lacewings 

 
Orius 

 
Sampling 

Dates T          M A T M A T  M A T  M A T  M A T  M A T M A

04.22.2005                      . . . 3 2 0.12 1 1 0.04 5 1 0.20 7 2 0.28 . . . 3 1 0.12
05.20.2005                      

                      
34 6 1.36 33 4 1.32 255 24 10.2 12 3 0.48 . . . 12 2 0.48 . . .

06.20.2005 1 1 0.04 7 2 0.28 3 1 0.12 . . . . . . 5 2 0.2 1 1 0.04

T, M, and A: Total, maximum, and average number of beneficial insects collected by 25, 180 degree sweeps distributed throughout 
the field at the sampling dates, respectively. .: Beneficial insects were not found at the sampling dates. 
 
 
Table 9: Density of aphids in Berlese samples at the Ochiltree County wheat demonstration site in 2004-2005, by date. 
 

Number of 
Tillers 

Bird cherry-oat 
Aphids Greenbugs 

Russian 
Wheat 
Aphids Sampling 

Dates T           M A T M A T M A T M A

12.03.2004            292 21 12 3 1 0.12 . . . . . .
01.11.2005            

            
            
           
          
            

562 47 23 9 3 0.36 1 1 0.04 . . .
02.21.2005 771 68 31 1 1 0.04 . . . . . .
03.22.2005 1125 117 45 75 13 3 13 4 0.52 . . .
04.22.2005 1135 85 45 109 27 4.36 . . . 55 20 2.2
05.20.2005 1089 61 44 12 4 0.48 . . . 237 68 9.48
06.20.2005 1272 81 51 . . . . . . . . .
T, M, and A: Total, maximum, and average number of individual aphids collected from 25, 1-row-foot wheat samples distributed 
throughout the field at the sampling dates, respectively. .: Aphids were not found at the sampling dates. 
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Table 10: Densities of aphids and beneficial insects collected by tiller and 2-row-feet sampling at the Swisher County wheat 
demonstration site in 2004-2005, by date. 

 Bird Cherry-oat Aphids  Greenbugs Russian Wheat   
 Aphids  Other Aphids  Spiders  Convergent  

 Lady Beetles 
 7-Spotted  
 Lady Beetles Sampling  

Dates 

Growth 
 Stages  
(Zadoks Scale) 

T            M A T M A T M A T M A T M A T M A T M A

10.12.2004                       17 . . . 6 2 0.06 . . . 22 2 0.22 5 1 0.05 . . . . . .

12.07.2004                       

                       

                     

                       

                       

                 

                       

28 2 1 0.02 . . . . . . . . . . . . 2 1 0.02 . . .

01.10.2005 29 3 1 0.03 . . . . . . . . . . . . 1 1 0.01 . . .

02.14.2005 30 11 2 0.11 . . . . . . . . . . . . 15 3 0.15 3 3 0.03

03.09.2005 30 133 25 1.33 10 7 1 . . . 1 1 0.01 . . . 17 2 0.17 . . .

04.07.2005 34 95 32 0.95 40 20 0.40 1 1 0.01 . . . . . . . . . . . .

05.18.2005 . . . . . . . . . . . . . . . . 5 2 0.05 4 1 0.01

06.07.2005 . . . . . . . . . . . . . . . . 1 1 0.01 . . .

  T, M, and A: Total, maximum, and average number of individual aphids and beneficial insects from 100 tillers 
  and 25, 2-row-feet at the sampling dates, respectively. .: Species were not found at the sampling dates.  

 
 
Table 11: Density of beneficial insects in sweepnet samples at the Swisher County wheat demonstration site in 2004-2005, by date. 

 
Nabids 

 
Spiders 

Convergent 
Lady Beetles 

Lady Beetle 
Immatures 

Green 
Lacewings 

Brown 
Lacewings 

 
Orius 

 
Sampling 

Dates T  M A     T  M A T  M A T  M A T  M A T  M A T M A

04.05.2005                      . . . 2 1 0.08 . . . 22 4 0.88 . . . . . . 3 1 0.12
05.18.2005                      

                      
31 4 1.24 29 7 1.16 32 6 1.28 . . . . . . . . . 3 1 0.12

06.07.2005 . . . 5 2 0.2 7 1 0.28 . . . . . . . . . . . .

         T, M, and A: Total, maximum, and average number of beneficial insects collected by 25, 180  
        degree sweeps distributed throughout the field at the sampling dates, respectively. .: Beneficial 
         insects were not found at the sampling dates. 
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Table 12: Density of aphids in Berlese samples at the Swisher County wheat demonstration site 
in 2004-2005, by date. 

Number of 
Tillers 

Bird cherry-oat 
Aphids Greenbugs 

Russian 
Wheat 
Aphids Sampling 

Dates T M A T M A T M A T M A 

10.12.2004 1230 79 49 9 2 0.36 3 1 0.12 . . . 
12.07.2004 1972 129 79 38 12 1.52 7 3 0.28 . . . 
01.10.2005 2121 135 85 55 12 2.2 5 5 0.2 . . . 
02.14.2005 2781 222 111 16 4 0.64 10 4 0.4 . . . 
03.09.2005 2617 149 105 85 18 3.4 55 14 2.2 . . . 
04.07.2005 872 74 35 47 15 1.88 82 19 3.28 . . . 
05.18.2005 723 55 29 2 1 0.08 22 9 0.88 . . . 
06.07.2005 790 52 32 1 1 0.4 . . . 7 3 0.28 
T, M, and A: Total, maximum, and average number of individual aphids collected from 25, 1-
row-foot wheat samples distributed throughout the field at the sampling dates, respectively..: 
Aphids were not found at the sampling dates. 
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c.  Nebraska/Wyoming Demonstration Sites 
 
Prepared by Gary Hein, John Thomas, Drew Lyon, and Rob Higgins  
 
 The 2004-05 growing season showed improvement from the multiyear drought in 
western Nebraska and eastern Wyoming. Good fall and spring rains occurred regionally. The 
wheat crop generally had sufficient moisture to get established in the fall and good spring 
moisture to continue development. Rust was a widespread problem in the region in the fall of 
2004 but wasn’t of economic significance to our AWIPM cooperators.   
  A portion of the diversified growers’ acres was planted to a RWA resistant winter wheat 
variety. Ankor wheat seed was purchased from a certified seed dealer in Colorado and delivered 
to the cooperating growers in Wyoming and Nebraska. Approximately 40 acres were planted by 
the Laramie County, Wyoming cooperator and 120 acres by the Banner County, Nebraska, 
cooperator. 

 
Project highlights for the 2004-2005 growing season include: 

- average or better wheat yields were seen by all cooperators for the first time in 
the project 
- higher RWA populations were seen but all fields remained at sub-economic 
levels 
- higher RWA populations were seen in both conventional (wheat-fallow) fields 
compared to the rotated fields 

  - RWA biotype 2 aphids were collected from two of the project fields 
 - extraordinarily high RWA densities (>2900/row ft) were seen in one grower’s 

oats field, but no apparent damage occurred 
- feral rye density in the wheat-fallow fields is increasing to levels that are much 
greater than found in the diverse rotations 

 
Nebraska Sites (Banner County) 
The paired locations of sites in Nebraska were located in northwestern Banner County. The areas 
surrounding both fields have a large amount of rangeland or CRP grassland. Sampling of these 
locations began in October, 2004 and continued through June, 2005. Overall, aphid populations 
were low until late in the season.  

Diversified rotation: The diversified grower is committed to making an intensive 
rotation work as he has been doing for several years. His targeted rotation is winter wheat / 
sunflowers / proso millet / spring crop (oats or barley).  However, the use of a spring crop is still 
variable in his rotation. Barley has not been included in the rotation because it is highly 
susceptible to RWA. As barley varieties are developed with resistance to RWA, they will have a 
very good fit in his rotation. In fall 2004, 120 acres of Ankor and 40 acres of Goodstreak winter 
wheat were no-till planted into the stubble of the past years winter wheat. Good moisture and 
planting conditions were present following the summer of 2004 resulting in a good stand of 
wheat. Kangaroo rats were present but not a serious problem as in previous years. Very low 
RWA populations (6.5 RWA/ft) were detected in the fall and weed presence was minor. 
Wheat growth in the spring continued well with good tillering. Low populations of RWA were 
detected in early spring with a 1% infestation in mid May. This RWA infestation remained sub 
economic. However, by late June there was a 47% infestation with aphid counts averaging 
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around 16 per row foot of wheat (Fig. 1). The low density of total aphids per foot of row 
indicates that the aphids had been present for a short period of time and little population buildup 
had occurred. 
The wheat was harvested July 14 with the entire field yielding 38 bushels per acre. The grower 
did not detect obvious varietal difference in yield as he harvested the crop. Sampling did not 
show differences between the Ankor (RWA resistant) and Goodstreak (non-resistant) in either 
percent infestation of RWA, or number per foot from Berlese samples.  
Greenbugs and bird-cherry oat aphids were noted in the field in May and June but at very low 
numbers (<1 per ft). Coccinellids increased following the RWA populations in May and June to 
a peak in mid June of 14 adults and larvae per 25 sweeps (Fig. 2). No parasitoids were identified 
during the sampling season from emergence canister samples.  

Few grassy weeds were observed in the winter wheat field or the adjacent summer crop 
fields. In the spring there were a few broadleaf weeds in the winter wheat field, but these were 
controlled with herbicides.  RWA were found in the oat and millet summer crops. Very low 
numbers or RWA were counted from millet samples averaging 0.72 RWA per row foot.  
Surprisingly high numbers were found in the oats averaging 2935 RWA per foot. Visible damage 
to the crop was not detected and the grower reported a good yield for his area of 50 bushels per 
acre. The oat cultivar was Jerry. No additional pest problems were noted in this rotational 
system.  

Wheat/fallow rotation: The wheat/fallow grower has farmed in the winter wheat / 
fallow system for many years. He planted Alliance variety winter wheat on September 3. Some 
areas were replanted on September 20 because the first planting was crusted in after rains. A 
good stand was obtained in the fall and the crop went into the winter in good shape with very 
low RWA aphid infestations averaging 0.04 aphids per foot on October 20. Spring sampling in 
April indicated a light RWA infestation of 2% infested tillers climbing to 44% infested tillers in 
mid June with an average of 196 RWA per row foot (Fig. 1). Wheat tiller density at this site 
averaged 52 tillers per row foot resulting in an aphid density of  8.5 RWA per infested tiller. This 
is a relatively low population of RWA indicating colonies had not been present for a long period 
of time. 

The field was harvested July 15 and yielded an average of 34 bushels per acre. This yield 
is up from the 26 bushels in 2004 due to drought, and the county average yield of 33 bushels per 
acre. No other insect pest or disease problems occurred in the field. Greenbugs were present in 
the spring with very low populations peaking at 0.04 per foot on May 17. Coccinellid 
populations followed the RWA buildup peaking at 5.5 adults and larvae per 25 sweeps on June 
22 just before full wheat maturity (Fig. 2). Three Aphelinus parasitoids emerged from the June 
22 sampling date material.  

Weeds were not a problem in the fall in the growing wheat. However, the adjacent fallow 
fields had moderate to heavy infestations of post-harvest volunteer wheat prior to wheat planting. 
Light to moderate infestations of feral rye (found in 20% of samples) and downy brome 
developed in the winter wheat fields over the winter and into the spring. No significant disease 
impacts were seen in the wheat.  

 
Wyoming/Nebraska Sites (Laramie Co. Wyo. and Banner Co. Ne.)  
The two sites for this pair are located in Laramie County, Wyoming and just across the border in 
southwest Banner County, Nebraska. Growing conditions for these locations were generally 
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good for the 2004-05 winter wheat crop. Fall and spring moisture were sufficient for good 
emergence and development of the crop. 

Diversified rotation: Ankor variety winter wheat (RWA resistant) was planted the first 
week of September 2004 in Laramie County, Wyoming. The planned rotation in the dryland 
sampling area is wheat/ sunflower/ corn/ millet/ wheat. Due to drought conditions for the past 
several years this diversified grower along with many others have had to modify their targeted 
rotation plan. In 2004 winter wheat was planted into both fallowed ground and millet stubble 
during the first week of September.  

A good stand of wheat was established in the fall. A very light infestation of RWA 
existed in the fall with an average of 0.16 RWA per row foot. In May, Berlese samples indicated 
a light RWA infestation of 0.32 RWA per row foot climbing to a 5% infestation in later June 
with 11.3 RWA per foot just before harvest (Fig. 1). Tiller density at this site averaged 112 tillers 
per row foot (2.0 aphids per infested tiller). RWA populations in May and June were well below 
the economic threshold. Wheat was harvested the second week of July yielding 42 bushels per 
acre, which is the historical average on this ground. 

No other insect pests or diseases occurred in the field. Coccinelid larvae and adults 
became evident in June with sweep catches averaging nine coccinelids per 25 sweeps at the end 
of June (Fig. 2). Very few greenbugs were noted in the spring with a one percent infestation 
recorded in April. One Aphelinus parasitoid was collected from the June 24 emergence canister 
sample. Weeds were not a problem in the fall or spring but a few broad leaf weeds were 
controlled with a spring herbicide application. Because of the recent drought causing conflicts 
with rotations, no summer crops were planted during this growing season. 

Wheat/fallow rotation: This location is surrounded by a lot of perennial grass including 
some CRP. The section where the fields are located is cut up by a grassed waterway and 
drainage. The wheat/fallow grower planted winter wheat on September 13, 2003 (cv. 
Millenium). The planting date was later than usual to allow for an additional tillage to help 
control downy brome and rye. The wheat crop went into the winter with moderate tillering and 
coverage. RWA populations were very low in the fall averaging 1.6 RWA per foot.  By mid May 
there was a three percent infestation with RWA numbers averaging 1.8 per foot. This aphid 
population increased to a 55% infestation averaging 346 RWA per row foot on June 23 (Fig. 1). 
The tiller density at this site averaged 43 tillers per row foot of wheat (15 aphids per infested 
tiller). This is still a limited RWA density per infested tiller indicating a late developing 
infestation. 

Maximum coccinellid levels were seen on June 23 at 8.4 adults and larvae per 25 sweeps 
(Fig. 2). Very low numbers of greenbugs were seen in the spring with a one percent infest at the 
end of June. No parasitoids were collected from emergence canister samples over the season. 

Weeds were not a problem in the fall in the growing wheat. However, the adjacent fallow 
fields had moderate to heavy infestations of post harvest volunteer wheat prior to wheat planting. 
Light to moderate infestations of feral rye (present in 53% of samples) and downy brome 
developed in the winter wheat fields over the winter and into the spring. Heavier rye infestations 
occurred in the low draw areas and some hills. As the rye grew taller than the wheat during 
heading glyphosate was applied to the rye with a rope wick applicator in areas of heavy 
infestation as a weed control measure. No significant disease impacts were seen in the wheat. 
The fields were harvested July 23, and the wheat yielded 31.8 bushels per acre, which is above 
the average of 30 bushels per acre for these fields.  
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Figure 1. Russian wheat aphid Berlese counts and percent infestation from Nebraska 
and Wyoming sites (2004-05). 
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Figure 2. Coccinelid adults and larvae collected in 25 sweep samples at Nebraska 
and Wyoming sites (2004-05). 
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d.  Oklahoma Demonstration Sites 
 
Prepared by Kristopher L. Giles, Vasile Catana, Thomas A. Royer, and Thomas F. Peeper 
 
 During the 2004-2005 winter wheat growing season in Oklahoma, similar to previous 
years, six demonstration sites were evaluated by OSU and USDA-ARS scientists for aphid, 
natural enemy, and weed abundance.  A pair of diverse (wheat in rotation with another crop) and 
simple (continuous wheat) sites were identified in Alfalfa, Jackson, and Kay counties (Fig. 1).  
Demonstration sites in these counties were chosen to represent the variability in environmental 
conditions that can occur within Zone-2 (continuous cropping) of the overall areawide program.  
 
    Alfalfa Co.-Diverse    Kay Co.-Diverse    
 
   Alfalfa Co.-Simple          Kay Co.-Simple    
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tube
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Jackson Co. Diverse
   
                  Figure 1.  Location of demonstration sites in Oklahoma 

Jackson Co. Simple

Sampling 
Developed protocols for sampling arthropods and weeds in wheat and alternative crops 

 followed (See appendix for details).  Briefly for arthropods in wheat, we sampled for 
ds (Tiller and Burlese), predators (Visual and Sweep), and parasitoids (Tiller / emergence 
s) at 25 grided locations throughout each field multiple times during the growing season.  
rted is the data summarized to date for the 2004-2005 winter wheat season. 

Results 
lfa County 

Aphids and parasitoids from tiller and burlese  samples.  In general, aphids were found at 
levels at both the continuous and diversified site (Figs. 2-3).  Aphid were present early at the 
rsified site but declined in the spring, whereas aphid numbers increased during the spring at 
ontinuous wheat site.  In the late spring, parasitism of aphids by Lysiphlebus testaceipes was 
er (>50%) at the diversified site compared with the continuous wheat site (<15%).     

32



 

 Weeds. At the continuous wheat site, no weed information was available at the time of 
this report. At the diversified site, only low levels of Sorghum spp. was present. 

 
Kay County 
 Aphids and parasitoids from tiller and burlese  samples.  In general, aphids were found at 
very high levels; higher levels were found at the continuous wheat site early in the season.  In the 
late spring, aphid numbers increased at the diversified site (Figs. 4-5).  Parasitism of aphids by 
Lysiphlebus testaceipes at each site was consistently low throughout the growing season, which 
appeared to have a limited effect on aphid numbers.   
 Weeds. At the continuous wheat site, a significant infestation of volunteer winter wheat 
was present.  At the diversified site, only low levels of Bromus spp. and Crabgrass was present. 
 
Jackson County 
 Aphids and parasitoids from tiller and burlese  samples.  In general, aphids were found at 
moderate levels, but similar in peak numbers between sites.  Populations of aphids appeared 
earlier at the continuous site (Figs. 6-7).  In the late spring, parasitism of aphids by Lysiphlebus 
testaceipes was high (>50%) at the diversified site, but non-existent at the continuous wheat site.   
 Weeds. At the continuous wheat site, a moderate Sorghum spp. infestation was present.  
At the diversified site, only low levels of Sorghum spp and Jointed Goat Grass were present. 
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Figure 2.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for tiller samples at Alfalfa 
Co. demonstration sites. Numbers were summed over twenty five 25 samples.  
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Figure 3.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for burlese samples at Alfalfa 
Co. demonstration sites. Numbers were summed over twenty five 25 samples.  
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Figure 4.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for tiller samples at Kay Co. 
demonstration sites. Numbers were summed over twenty five 25 samples.  
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Figure 5.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for burlese samples at Kay 
Co. demonstration sites. Numbers were summed over twenty five 25 samples.  
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Figure 6.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for tiller samples at Jackson 
Co. demonstration sites. Numbers were summed over twenty five 25 samples.  
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Figure 7.  Greenbugs (gb) and Bird-cherry oat aphids (bcoa) for burlese samples at 
Jackson Alfalfa Co. demonstration sites. Numbers were summed over twenty five 25 
samples.  
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e.  Kansas demonstration sites 
 
No progress report was provided for FY 2004.  Due to a lack of aphid populations in Kansas and 
programmatic changes requiring redirection of some AWPM funds into research, education, and 
outreach activities, this site was not be monitored as part of the AWPM demonstration project in 
FY 2005.   
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2.  Development of an Oracle database for an Area Wide Integrated Pest 
Management Research 
 
Prepared by Vasile Catana, Oklahoma State University.   
Other participants: Norm Elliott, Kris Giles, Mustafa Mirik, Mpho Phoopholo  
 
 
It is well-known that the migration of organisms has a significant importance in insect ecology. 
The migration patterns explain the evolution of the insect populations in space and time. In order 
to examine this aspect as a part of the population evolution process that is more complex, we 
need to conduct research over broad areas. Some insect species are known for their ability to 
travel long distances in search for a suitable habitat. In this content, an appropriate example 
could be the migratory locust (Lacusta migratoria L.) that has two distinct phases characterized 
by their physiology: the gregarious and solitary phases (Pener and Yerushalmi, 1998). The 
differences in migration capability of these two phases were well studied. Solitary locusts have a 
rather coarse adipokinetic strategy focused on a single prereproductive long-distance migratory 
flight, whereas gregarious locusts possess a fine adipokinetic balance for reiterative, sometimes 
unpredictably long-distance migrations in the prereproductive, as well as reproductive periods 
(Pener et al., 1997). 
 
In the majority of specialized publications, the biological control is considered a main part of the 
Integrated Pest Management (IPM) and is studied more under the aspect of the tri-trophic 
interaction involving the host plants, the pest species, and their predators and parasitoids (Emden 
and Wratten, 1991). This approach should be justified if it is considered that the insect habitat is 
homogenous and all species are uniformly distributed in a given area. However, this is rarely a 
case because the biological communities are heterogeneous in natural environments, even though 
some species temporarily change their habitat or different phases of the same species have 
distinct spreading areas like the majority of Lepidoptera species for their adult and larva phases. 
Even though the insect habitat is very homogenous similar to a wheat field, the species 
distribution in an area is rarely uniform. As rule they have an aggregate tendency with some 
centers of infection (Elliott et al., 1998; Burd et al., 1998). 
 
In these conditions, it is an imperative need to change or to improve the research methods with 
regard to IPM at a large scale, so named Area Wide Integrated Pest Management (AWIPM). The 
problem is how to organize the investigations over large areas when the resources are limited. At 
the present time, this could be easily done using the possibilities offered by IT, when it is 
planned to develop a common database for all accumulated data during the investigations at the 
beginning of an area wide research (reference to the previous article “Database Concept in Plant 
Protection”). This fact will require the same data collection across a region and can facilitate the 
distribution of the information among the teams.  
 
Our AWIPM project was conducted in the Great Plains of the United States (US) in 2002. This 
region was chosen because this part of the country provides large amount of cereal crops and the 
rain-fed winter wheat grows in the majority of the cultivate areas (some reference). There are 
two additional and fundamental reasons to conduct research in this region. The first one is that 
the local growers largely use winter wheat fields for stockbreeding because these fields are used 
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as pasture from November until February. The second one is that the wheat efficiently use the 
soil moisture accumulated during the wet winter. Some parts of the Great Plains such as western 
Kansas and eastern Colorado resample an arid zone with annual precipitation less that 400 mm. 
 
The major pests of wheat and other cereals including barley and sorghum are several aphid 
species in the Great Plains. Of these aphids, only three of them; bird cherry-oat aphid (bcoa) - 
Rhopalosiphum padi (L.), greenbug (gb) - Schizaphis graminum (Rondani), and Russian wheat 
aphid (rwa) - Diuraphis noxia (Mordvilko) are economically significant. The last one was 
introduced to US in 1986 from Mexico (Halbert, Stoetzel, 1998). Depending on the local 
climatic conditions, only one species can be dominant in some regions, while more than one 
species can co-exist in others. Economic aspects of these aphids were discussed in Morrison, 
Peairs (1998). For our area wide project, six most important aphid species were identified to be 
collected at the beginning but they were reduced to three during the first year. 
 
There are many publications reporting the reductions in aphid populations by their natural 
enemies, i.e., parasites, predators, and pathogens (Lenteren, 1991), but in our investigation, the 
first two were included in. The most important aphid pathogens are fungi from the 
Entomophterales and the Deuteromycetes. Although these pathogens are important natural 
enemies of cereal aphids worldwide, their role have received little attention in waterless zones 
(Poprawski and Wraight, 1998; Humber, 1991).  
 
There are several objectives of our AWIPM project and the main are: to improve the monitoring 
of aphid mega populations at a large scale, to determine the role of the parasites and predators as 
regulators of the aphid density, and to investigate environmental conditions that can cause aphid 
outbreaks. All these together should improve the tactics and the strategies of the IPM through the 
development of various mathematical forecast models. 
 
Our AWIPM project included several universities in Colorado, Kansas, Nebraska, Oklahoma, 
Texas, and Wyoming. These states represent the south-central part of the Great Plains. Up to six 
rain-fed winter wheat fields were selected in each state and a series of observations has been 
made biweekly or monthly depending on the insect abundance. There are a total of 23 sampling 
fields and the location of each field is represented in Fig. 1.  
 
Most of the fields have the rectangular shape and the size varies from 150 to 250 acres. Each 
field was split up into 25 equal-sized grids and one sample was established at the center of each 
grid. Coordinates of each sample were taken with a GPS receiver to determine its location. The 
borders of each field were digitized using © GIS software (FarmWorks Inc., Hamilton, IN) 
installed on a pocket personal computer (PC). The Pocket PC is equipped with a GPS unit and 
the location of each sampling point is determined with high precision. 
 
There are four different insect samples taken in the fields: two are made at each point and the 
remaining two are brought to the laboratory. We developed a simple template on Pocket PC to 
facilitate entry of each sample in the field. The first field sample is visual count and it consists of 
examining four tillers in the radius of one - two meters around the main sampling point. Three 
groups of objects (insects) (aphids, aphid mummies, and predators) are counted. The counts are 
directly entered in a template with 58 columns on the palm computer. The columns of this table 
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are common for all sampling fields and the table structure corresponds to the common protocol 
established after an agreement among all research teams involved in AWIPM project. There are 
three distinct aphid species mentioned above and if there are other species they are entered in the 
column “Other Aphids”. As rule this group consists of the rice root aphid (Rhopalosiphum 
rufiabdominalis), the corn leaf aphid (R. maidis), and the English grain aphid (Sitobion avenae). 
Black and gold mummies are separately counted to distinguish two distinct groups of parasitoids.  
 
The other visual sample made in the field is aphid’s predator count in a two-row-foot wheat. In 
this predator group, important species are individually distinguished, e.g., Hippodamia 
convergens, Coccinella septempunctata, Coleomegilla maculata, and H. sinuate in the field, but 
some predators that correspond to the same genus (family, tribe, etc.) we combine as a single 
entry to reduce the volume of collected information. Other predators include spiders, nabids, 
carabids, staphylinids, syrphids, Geocoris, Orius, Scymnus, green and brown lacewings. We also 
sample other important pests of wheat such as pest mites, fall armyworm, armyworm, army 
cutworm, and 15 most important weeds that can be an alternative habitat for aphids. 
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Fig. 1 Location of the sampling fields in the south-central part of the Great Plains 
 
The second method is sweepnet sampling that is also made at each sampling point in the field 
and it is intended to determine the species of the rapidly flying predators that they can not be 
easily seen during the visual count. The numbers of captured predators were counted and entered 
in a table with the same columns as the columns reserved for predator species previously 
collected in a two-row-foot wheat sample. 
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The third method is Berlese sampling that consists of wheat tillers taken in one-row-foot for 
aphid count and made at each sampling point. These 25 samples gently placed in plastic bags, 
transported to the laboratory, and transferred to berlese. Within 24 hours after bringing to 
laboratory, aphids were counted and entered in a table that has the same four columns for aphid 
species as the previous table made in the field plus two more species: corn leaf aphid and rice 
root aphid. 
 
The fourth type of sampling is called Emergence Canister designed to count parasitoids. For this 
sampling, 100 tillers were taken, four tillers for each main sampling point, gently placed in a 
plastic bag, transported to the laboratory, and transferred to an Emergence Canister. Emerged 
parasitoids were monitored and counted on a daily basis up to 15 days after transferring 100 
tillers to a canister and the level of parasite infestation at the species levels were determined. 
 
There are three more samples made only once during the wheat growing period. They are soil 
fertility and soil moisture made at the beginning of the growing season and yield data made 
before the harvest. These three samples are made only in four points refer to benchmarks in each 
field. Along with these samples, weather data (rainfall and temperature) have been collected with 
a 15 minute interval for all fields.  
 
We organized a computer with a Windows Server 2003© operating system and installed Oracle 
9i©. We developed a database on the server with a structure that corresponds to the field 
collected data (Fig. 2). Using Microsoft Visual Studio©, we developed a client–server 
application that allows project participants involved in AWIPM to visualize, input, and make 
data corrections using their personal computers. Our ftp site is available online at 
ftp://199.133.145.58/. We published the installation instructions and the steps how to use the 
database software at this site. A data file is first transferred from the pocket PC to a desktop PC 
and then formatted into the data into Excel file to visualize and make any necessary corrections. 
The Visual Basic software we developed is able to read Excel tables, to check the structure of 
these tables, and to identify any errors with an explanatory prompt. After these processes, the 
data in the Excel tables are directly incorporated into our common Oracle 9i database (Fig. 3). 
Each Excel table has a constant part and a variable part of the information. The Visual Basic 
application separates these two parts and will put them in corresponding database tables that are 
logically linked using a common key.  
 
The Visual Basic application implements OO4O (Oracle Objects for OLE) that is a part of the 
Oracle Net Manager Tool ©. OO4O facilitates the programming work in the Visual Studio 
environment. Oracle Net Manager installed on each PC is responsible for controlling a security 
link with our remote database. We chose the Oracle products because they are efficient and 
stable. Fig. 4 displays a simplified flowchart of the structure of the application. 
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Fig. 2 The structure of Oracle 9i database, each rectangle represents a table and tables are linked 
by a common key 
 

 
 
Fig. 3 Visual Basic application to view, check, enters, and modifies sampling data 
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Fig. 4 A simplified flowchart of Visual Basic application 
 
 
Using C# from Microsoft Visual Studio .NET, we developed a web application and then made a 
link between our AWIPM database and the web site http://199.133.145.58/ that facilitates the 
possibility for someone to visualize our data. When a visitor log on to the web site, he can 
choose a field on the map and then will be prompted to select a date for one of the eight sample 
types: field (visualization), Berlese, Emergence Canister, sweepnet, border weeds, pre-plant 
volunteer, soil fertility, and yield. After choosing the sampling date from a combo box, the 
visitor just needs to click on the corresponding button and the data set will become visible on his 
browser in the form of a table. The data can be also downloaded in the form of an Excel table by 
clicking the corresponding button. 
 
If the visitor will choose a data set collected in one of the fields that contain three categories of 
data: aphids, parasitoids, and predators, he will also have the possibility to examine three-
dimensional surfaces for each category. If the selected data are not all equal to zero, each surface 
will describe spatial distributions of the aphid, parasitoid, or predator densities for a chosen date. 
The surfaces are automatically generated on our web server by “Surfer 8” software using a 
kriging method. If there is enough information to calculate the linear variogram, the kriging 
method will generate surface that has a smooth form. All three figures show spatial allocations of 
the insect populations in the selected field for a chosen date. 
 

 47



 

 
Our database is relatively novel, which implements IT in entomological research. At the 
beginning of our project, the initial intention was only to organize a common database that could 
facilitate the data storage and the data sharing among the research teams. But with the time, we 
realized that the possibilities in IT in this domain are much larger. Below we will discuss some 
of these possibilities. 
 
The authors would be please to provide or distribute the database system for researchers and 
other interested groups working together on an area wide project. The only requirement is to 
follow up our sampling methods. Research area should be inside of our research zone or in the 
neighboring states where the dominant aphid species on the wheat or crops are the same. This 
collaboration would be beneficial for us to enlarge our research area without any or little 
modifications of the database.  
 
We can link the database to GIS software and make analyses of aphid populations at regional 
scale when sample coordinates are known (Eason et al. 2004). We can precisely conduct our 
project and establish new conformity to natural laws. We can use the theory of landscape and 
metapopulation ecology to interpret the data. It should be interesting, for example, to describe 
the zones where rwa is commonly found and to analyze habitat requirements of rwa such as 
climate and plant communities. This will be the subject of one of our future papers. 
 
Our web application described above should be considered a starting point of a larger web 
infrastructure with some online analytical processing. Fig. 5 and 6 represent the total aphid 
densities including gb and bcoa collected on March 24, 2003 and on April 2, 2003 in wheat field 
number 1 located in Jackson Count, Oklahoma respectively. As it seen the aphid density on the 
first date was much higher than on the second date. It can be easily analyzed through accessing 
our online database and selecting the same field from a total of 23. It can be seen on the first date 
that the parasitoid density was very low and the total predator density was zero.  The total 
parasitoid and predator densities are represented in the Fig. 7 and 8 for April 2, 2003. It can be 
seen that they were high, but at the same time the aphid density was low (Fig. 6). This means that 
the high aphid density on March 24, 2003 provoked to increase predators and parasitoids and 
they controlled the aphid population on April 2, 2003. 
 

 48



 

 
 
Fig. 5 The total aphid density in field number 1 located in Jackson County, Oklahoma, on March 
24, 2003 
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Fig. 6 The total aphid density in field number 1 located in Jackson County, Oklahoma, on April 
2, 2003 
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Fig. 7 The total parasitoid density in field number 1 located in Jackson County, Oklahoma, on 
April 2, 2003 
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Fig. 8 The total predator density in field number 1 located in Jackson County, Oklahoma, on 
April 2, 2003 
 
Surfaces represent different groups of insect populations in areas and provide another possibility 
to apply the thermo dynamic principles to elucidate their evolution. Recently, there are many 
publications discussing this subject. The main conclusion of these studies is that the behaviors of 
the insect populations are similar to the heat transport in a homogenous area. The heat from the 
wormer places moves to the colder places, namely the insects from the high density places 
migrate to the low density places, so named heat diffusion. Diffusion process can be described 
using one type of partial differential equations, the equation of diffusion. Partial differential 
equations or so named equations of mathematical physics are relatively new in mathematical 
ecology (e.g., Bianchi, 2003; Yamamura, 2002; Filipe and Maule, 2003). They can be considered 
as a logical continuation of common differential equations in this domain. The starting point for 
them was the “predator – prey” model of “Lotka – Volterra” developed in 1925-1926 (Lotka, 
1925; Volterra, 1926). The Huang publication (Huang et al., 2003) presents an interesting 
analogy of “Lotka – Volterra” model in the form of partial differential equation. The majority of 
these publications are written by mathematicians and as rule at the beginning they will formulate 
some axioms regarding the examined situation. The result relies on the theories and can not be 
tested using real data because it is difficult to have them. Our data can be used to confirm or to 
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partially accept the thermo dynamic approach in population dynamics but this will be the subject 
of another paper. 
 
An exciting and interesting application based on our AWIPM database is the development of 
some forecasting models to predict the evolution of pest populations, to analyze the 
environmental variables that can cause a pest outbreak, and to determine the role of predators 
and parasitoids as regulators of pest population. These are the objective of this work because we 
have the technology to study the dynamics of insect populations and their interactions using a 
spatial–temporal approach. 
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3.  Research Component Summaries 
 
a.  Remote Sensing of Greenbug and Russian Wheat Aphid Infestations   
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Prepared by: Mustafa Mirik, Gerald J. Michels, Jr, 
and Sabina Kassymzhanova-Mirik

Other Participants: Norman C. Elliott, Vasile Catana

Progress on Estimating Greenbug 
(Homoptera: Aphididae) Damage 

To Winter Wheat Through
Hyperspectral Spectrometry

Planted to the largest agricultural area

Main nutrition

Insect pests:
Greenbug (Schizaphis graninum Rondani)

Russian wheat aphid (Diuraphis noxiaMordvilko) 
Bird cherry-oat aphid (Rhopalosiphim padi Linnaeus)

Frequently infests and significantly
damages wheat 

Infestation is unpredictable in time
and space

Annual loss $60M to over $100M in the US

Remote Sensing 

•rapid

•repeatable

•unbiased

• cost-effective

to quantify the relationship between 
spectral vegetation indices and 
visually- and digitally-estimated 

greenbug damage in winter wheat
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Spectral range: 

339.1-1021.88 nm

Spectral resolution:  ≈ 33 nm

Spectral Band: 2048

Damage Sensitive Spectral Indices1-3 (DSSI1-3)

Green Normalized Difference Vegetation Index (GNDVI, Gitelson & 
Merzlyak, 1997)   

Pigment Specific Normalized Difference (PSND; Blackburn, 1998)

1: DSSI1 = (R719 – R875 - R511 - R537)/((R719 - R875) + (R511 - R537))
2: DSSI2 = (R823 - R862 - R636 - R654)/((R823 - R862) + (R636 - R654))
3: DSSI3 = (B836 - B875 - B654 - B680)/((B836 + B875) + (B654 - B680))

4: Modified GNDVI = (B800-950 – B500-600)/(B800-950 + B500-600)

(Original GNDVI = (NIR690-710 – B540-570)/( NIR690-710 – B540-570) 
(Gitelson & Merzlyak, 1997)

5: PSND (B797-B498)/(B797+B498)(Blackburn, 1998)
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SPECTRAL VEGETATION INDICES VS DIGITALLY-ESTIMATED GREENBUG DAMAGE

< 0.00< 0.000.97Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.97This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.95This Paper(B836-B875-B654-B680)/((B836+B875)+(B654-B680))DSSIc
Field 4

< 0.00< 0.000.94Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.92This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.92This Paper(B836-B875-B654-B680)/((B836+B875)+(B654-B680))DSSIc
Field 3

< 0.00< 0.000.67Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.63This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.86This Paper(B719-B875-B511-B537)/((B719-B875)+(B511-B537))DSSIa
Field 2

0.100.100.16Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.38This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.77This Paper(B823-B862-B636-B654)/((B823-B862)+(B636-B654))DSSIb
Field 1

β pModel pR2ReferenceFormulaIndexField

< 0.00< 0.000.92Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.90This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.92This Paper(B836-B875-B654-B680)/((B836+B875)+(B654-B680))DSSI3
Field 4

< 0.00< 0.000.89Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.83This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.89This Paper(B836-B875-B654-B680)/((B836+B875)+(B654-B680))DSSI3
Field 3

< 0.00< 0.000.65Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.60This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.81This Paper(B719-B875-B511-B537)/((B719-B875)+(B511-B537))DSSI1
Field 2

0.050.050.22Blackburn (1998)(B797-B498)/(B797+B498)PSND

< 0.00< 0.000.43This Paper(B849-B550)/(B849+B550)GNDVI*

< 0.00< 0.000.69This Paper(B823-B862-B636-B654)/((B823-B862)+(B636-B654))DSSI2
Field 1

β pModel pR2ReferenceFormulaIndexField

SPECTRAL VEGETATION INDICES VS VISUALLY-ESTIMATED GREENBUG DAMAGE

Both hyperspectral and multispectral imaging sensors 
can be used as a quick, nondestructive, repeatable, and 
cost-effective technique to detect aphid and other types 

of damage in wheat.

Future research using image data taken from aircraft or 
satellite platforms are also needed to expand the study 

area to whole field or landscape level. 
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b.  Natural Enemy Dynamics in Diversified Cropping Systems   
 
Prepared by Mpho Phoofolo 
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Effect of field scale crop diversification on aphid Effect of field scale crop diversification on aphid 
specialist natural enemiesspecialist natural enemies

Prepared by: MW Prepared by: MW PhoofoloPhoofolo, KL Giles & NC Elliott, KL Giles & NC Elliott
Department of Entomology & Plant PathologyDepartment of Entomology & Plant Pathology
Oklahoma State University and USDA Agricultural Oklahoma State University and USDA Agricultural 
Research Service, Stillwater, OklahomaResearch Service, Stillwater, Oklahoma

Natural ecosystems Natural ecosystems vsvs AgroecosystemsAgroecosystems

Few or no pest outbreaks vs. frequent pest outbreaks Few or no pest outbreaks vs. frequent pest outbreaks 
Complex vs. simpleComplex vs. simple
More plant species vs. one or few plant speciesMore plant species vs. one or few plant species
Stable vs. ephemeralStable vs. ephemeral

“top-down” effect

“bottom-up” effect

Resource Concentration Theory

Natural Enemy Theory

Herbivores

Specialists Generalists

Canopy dwellers Ground dwellers

Winter wheat predator community

Habitable

Uninhabitable

MayAug
Jul Jun

Sep

Oct

Nov

Apr

Mar

Feb
JanDec

Wheat
Alfalfa

Sorghum
Cotton Relay intercropping model

- Stable habitat

- Continuous resources/prey

- Practical for producers

OBJECTIVEOBJECTIVE
Develop alternative crop production system that enhances naturalDevelop alternative crop production system that enhances natural enemy efficiencyenemy efficiency

HYPOTHESES
• Crop diversification decreases pest densities
• Crop diversification increases abundance and diversity of natural enemies 
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-Diverse cropping system: - alfalfa
- wheat
- sorghum
- cotton

-Monoculture system: - wheat
- sorghum

Sampling methods:  
• Sticky traps
• Quadrat/Suction
• Tiller sampling
• Pitfall
• Visual

Study sites:  
- Chickasha
- Perkins

Replications:
3 per treatment per site
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Data AnalysisData Analysis

Canonical Correspondence AnalysisCanonical Correspondence Analysis
Null hypothesis:  species composition of the predator community Null hypothesis:  species composition of the predator community 
is not influenced by crop diversificationis not influenced by crop diversification

Principal Response Curves AnalysisPrincipal Response Curves Analysis
Null hypothesis:  relative abundance of predator community is Null hypothesis:  relative abundance of predator community is 
not influenced by crop diversificationnot influenced by crop diversification

Partial Canonical Correspondence AnalysisPartial Canonical Correspondence Analysis

Covariables Covariables 
Sampling events = combination of site and dateSampling events = combination of site and date
Aphid density (for suction samples)Aphid density (for suction samples)

Nominal variable is crop type/systemNominal variable is crop type/system
Dummy variables are monoculture, diverse, (& alfalfa)Dummy variables are monoculture, diverse, (& alfalfa)

Monte Carlo permutations conditioned on sampling eventsMonte Carlo permutations conditioned on sampling events
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Monte Carlo permutation tests for the partial CCA Monte Carlo permutation tests for the partial CCA 
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ConclusionsConclusions
Differences in aphid density and parasitism Differences in aphid density and parasitism 
levels between diverse and monoculture levels between diverse and monoculture 
wheat are not significantwheat are not significant
Alfalfa supported highest diversity of Alfalfa supported highest diversity of 
predatorspredators
Wheat monoculture had higher predatorWheat monoculture had higher predator
species composition than diverse wheatspecies composition than diverse wheat
Overall predator abundance was not Overall predator abundance was not 
significantly different between diverse and significantly different between diverse and 
monoculture wheatmonoculture wheat

AcknowledgmentsAcknowledgments

Dennis Dennis KastlKastl, OSU, OSU
VasileVasile CatanaCatana, OSU, OSU
Tim Johnson, USDATim Johnson, USDA--ARSARS
Rob ElliottRob Elliott
Alan BarkerAlan Barker
Jennifer Jennifer LivesayLivesay
Pam MillsPam Mills



 

c.  Russian wheat aphid biotype research 
 
Prepared by Mike Smith 
Other Participants: Priyamvada Voothuluru, Gerry Wilde, Phil Sloderbeck 
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Priyamvada Voothuluru, Mike Smith & Gerry Wilde

Department of Entomology
Kansas State University

Manhattan, KS

Categories of Resistance in Wheat Cereal 
Introduction CItr2401 against Russian Wheat 
Aphid, Diuraphis noxia Mordvilko, Biotype 2

Diuraphis noxia Global Status
• Serious global pest in wheat & barley production areas 

• Spread as an invasive species from Eurasia (1900) to Europe 
(1950s), to South Africa (1978,) to Mexico (1980), to South America 
(1984) & to North America (1986) (Stoetzel et al. 1989)

• Losses of ~$500 million (U.S.) globally (Webster & Kenkel 1999)

• Major damage symptoms - leaf rolling, leaf folding & vein clearing

C. M. Smith, KSU Jack Kelly Clark, University of California

Vein clearing Rolled leaves

Diuraphis noxia Biology

• Apterae : 1.4-2.3 mm, spindle-
shaped, pale yellow green or 
grey-green color

• Alatae : 1.5-2.0 mm long & 
darker with a pale green 
abdomen

• Anholocyclic in North America 

• Short, 6 segmented antennae, 
cornicles short & rounded 

Bobby Brown, 
KSU

Integrated Management of D. noxia
• Cultural Control: early spring planting, delayed fall 

planting & elimination of over-summering hosts

• Chemical Control : systemic insecticides

• Biological Control: parasites & predators of limited 
utility because rolled leaves act as aphid refuge; some 
successes in Pacific Northwest, very few in Central 
Plains (Walters et al. 1984, Webster et al. 1987)

• Plant Resistance; aphid - resistant cultivars are 
economically cheaper & environmentally safer

Sources of D. noxia Resistance 
• ~ 30,000 accessions screened for biotype 1 resistance 

(Souza 1998, Webster & Kenkel 1999) 

• 11 Dn (D. noxia) resistance genes characterized 

• Biotype 2 (CO, NE, TX) virulent to all known Dn genes 
except Dn7 from rye (Haley et al. 2004)

• Urgent need to screen & characterize sources of 
biotype 2 resistance - Cereal Introduction 
tr(Triticeae) 2401 germplasm is biotype 2 resistant 
(Cheryl Baker USDA ARS, Stillwater, OK)

Painter’s “Triangle” of 
Resistance Categories

Antixenosis Antibiosis
adverse effects on adverse effects on 
insect behavior insect survival 

--------------------------------------------------------

Tolerance
ability to withstand, repair 

or recover from insect damage

Aphid-Plant Interactions

Plant Characteristics
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Objective 1

Identify different categories of resistance in 
wheat CItr 2401 to D. noxia biotype 2

Materials & Methods

Plant Material: Seeds of ‘Karl’ (susceptible) &
CItr 2401 (resistant) from the Kansas Crop 
Improvement Association, Manhattan, KS & 
the USDA-SGR, Aberdeen, ID, respectively.

Aphids: Biotype 2 D. noxia from wheat fields 
near Biggs, CO, cultured on susceptible 
‘Jagger’ wheat plants.

Analysis: PROC GLM  (SAS Institute), means 
(when significant) separated using LSD test 
(P = 0.05)

Materials & Methods

Antixenosis - (choice); Experiment 1, n=10;                     
Experiment 2, n=15.

Antibiosis - Intrinsic rate of increase rm n=10
rm = 0.738 (loge Md) / d (Wyatt & White 1977)

where: 
Md = Total number of progeny produced by P1 

before F1 (P1’s first progeny) reproduces
d = time taken by F1 to produce its first progeny

Results : No Antixenosis 
detected

Greenhouse (10 aphids/pot) Outdoor (15 aphids/pot)
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Biotype 2 pre-reproductive period
is significantly longer on 
CItr2401than on Karl
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Tolerance – Proportional Dry Weight Loss (DWT) of plant 
roots & shoots; n=9 (Karl); n=8 (CItr 2401) 

DWT = [(WC -WT)/WC] X 100 where: 
WC = dry weight of control plant tissue
WT  =  dry weight of infested plant tissue

Tolerance Index = DWT / total # of aphids
(DWT expressed relative to aphid population differences)

Materials & Methods Results: Tolerance I
Whole plant DWTs (roots) differ significantly
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Tolerance Indices - no different 
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Tolerance Experiment II

• Infested CItr2401 plants exhibit limited leaf rolling
• A 2nd tolerance experiment measured biotype 2 
damage on CItr2401 plants infested with 2x the # of 
aphids as on Karl plants.
• Plants were scored for damage on 0-9 scale:
([0-3 for Rolling] + [0-3 Chlorosis] + [0-3 Folding]), 

where 0 = no damage
1 = <50% damage
2 = >50% damage
3 = 100% damage
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Chlorosis Leaf
Rolling
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Results : Tolerance II
Leaf rolling & chlorosis were significantly reduced on          

CItr2401 @ 2x normal infestation

Biotype 2 - resistant CItr2401 breeding lines, KS02HW35 & 
KS03HW97 at 22 da post-infestation (developed by Dr. Joe Martin, 
KSU Agricultural Research Center - Hays, KS) 

KS03HW97(2401)KS02HW35(CI2401)
Jagger (susceptible)
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Objective 2

Evaluate CIMMYT synthetic wheat lines for D. noxia 
biotype 2 resistance

Synthetic hexaploid wheats from CIMMYT, 
(International Maize & Wheat Improvement 
Center) have increased levels of resistance to 
Schizaphis graminum, D. noxia biotype 1 & 
several diseases.

Material & Methods
Plant material: 157 CIMMYT T. dicoccum-derived synthetic 

lines, ‘Jagger’ - KCIA, CItr2401 - USDA-ARS, Stillwater, 
OK 

• Planted in rows with R & S controls; infested at 2 leaf 
stage with 4 biotype 2 aphids/plant

• Plant damage (0-9 scale)  
rated 28 da post-infestation

• 14 synthetic lines are biotype 
2 resistant (rating 1.1-3.0 / 9.0)

RC 1 2 3 4 5 6 7 8 SC

Conclusions
• CItr2401 resistance to D. noxia biotype 2 is primarily 

antibiosis via reduced intrinsic rate of increase.

• CItr2401 exhibits no significant antixenotic effects.

• Though not evident using DWT or TI measures, 
CItr2401 sustained significantly less leaf rolling & 
chlorosis even at 2x greater infestation rate.

• Breeders should consider the durability of strong 
antibiosis-based resistance when using CItr2401 to 
develop resistant cultivars.

• 14 CIMMYT synthetic wheat lines represent new 
potential biotype 2 resistance sources.
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4.  Economic, and Sociologic Evaluation Component Summary 
 
Written by Paul Burgener, Dave Christian, and Sean Keenan 
 
Overview 
 
Accomplishments during the third year of Phase II for the Areawide program (FY 2005) 
included:  

• Completion of the third of four annual cost-of-production interviews with participating 
wheat growers. Data have been integrated with 2002 and 2003 interviews. Below, we 
review dryland planted acres for 2004 and changes in wheat varieties planted by growers 
from the previous crop year.  

• Completion of a preliminary cost of production analysis for 2002 data, and development 
of the protocol for calculation process. An attached PowerPoint presentation illustrates 
the initial ANOVA results from this analysis.  

• Completion of analyses from first-year focus group discussions, comparing and 
contrasting grower’s perspectives on wheat IPM practices and cropping system 
diversification. This analysis is included as a separate section of this annual report. 

• Results of the preliminary economic analysis and the focus group report will be presented 
at the AWPM project symposium at the 2005 annual meeting of the Entomological 
Society of America. These reports will also be sent to members of the broader project 
team, along with a request for their suggestions for additions to our final interview 
protocol and focus group. 

• We made preliminary plans for the fourth year cost of production interview and for the 
second round focus group discussions. We plan to implement focus groups in February 
and March, 2006, and to complete the final cost-of-production interview with each 
grower shortly thereafter. 

• We are in the process of submitting a request for continuation of the required approval 
for our remaining data collection efforts to the Institutional Review Board at Oklahoma 
State University. 

 

2004 Crop production interviews 
 
A total of 143 growers participated in our interview for 2004 crop production. This included all 
but one deceased grower from the previous year.  
 
Table 1 provides a preliminary summary of dryland crop acres for 2004 production by state. 
Acres farmed of various crops have not changed dramatically from a similar summary provided 
in our previous report for 2003 crop acres.  
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 Table 1. Overview of dryland crop acres from 2004 crop production interview 

State 
Dryland crop acres, 2004 Wyoming Nebraska Colorado Kansas Oklahoma Texas 

Project 
totals 

       
Winter Wheat .......................... 14,238 10,609 51,916 10,500 61,453 27,253 175,968 
       
Fallow...................................... 14,487 8,017 73,444 53 156 8,818 104,975 

Field crops:       
Proso millet.............................. 1,244 6,058 7,264 100 -- -- 14,666 
Sunflowers............................... 1,285 1,950 5,139 1,425 -- 246 10,045 
Corn......................................... 354 910 4,764 1,407 1,238 -- 8,673 
Grain sorghum......................... -- -- 10,397 2,833 2,790 9,015 25,034 
Soybeans.................................. -- -- -- 1,769 2,005 -- 3,774 
Cotton ...................................... -- -- -- -- 3,025 1,972 4,997 
Other field crops * ................... 754 160 98 500 459 100 2,070 
Subtotal.................................... 3,636 9,078 27,662 8,033 9,517 11,333 69,259 

Hay & forage crops:       
Alfalfa...................................... -- -- 165 977 4,444 -- 5,586 
Other hay & forage.................. 277 349 4,226 812 4,414 1,044 11,122 
Subtotal.................................... 277 349 4,391 1,788 8,858 1,044 16,708 
       
Total dryland crop acres .......... 32,638 28,054 157,413 20,374 79,983 48,448 366,910 

Number of growers.................. 14 14 36 12 42 25 143 

* Includes: 546 acres of oats (WY, NE, KS, OK); 628 of barley (WY, OK, TX); 98 of safflower (CO); 351 of 
canola (KS); 115 of peanuts (OK); 126 of field peas (KS); 50 of yellow peas (WY); and 157 of triticale (WY). 

 
 
Table 2 summarizes the most popular wheat varieties among project growers for the 2004 crop 
year.  
 
Comparing this summary to previous annual reports, we saw some consistently dominant variety 
selections among growers participating in the AWPM project over the three crop years, 2002, 
2003, and 2004. Buckskin has been the dominant variety in Wyoming and Nebraska, Jagger in 
Oklahoma and Kansas, and TAM 110 in Texas.  
 
In Texas, the number of growers and acres of TAM 110—a greenbug resistant cultivar—has 
increased each of the three years. 
 
As with previous years, Colorado growers participating in the project exhibited the greatest 
variability in their selection of wheat varieties. In 2004, the Russian wheat aphid resistant wheat, 
Prairie Red, had the most acreage among the Colorado growers.  
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Table 2. Most popular varieties of winter wheat for 2004 crop production year (number of acres planted and 
number of producers by state for varieties over 800 acres, dryland and irrigated) 

Wyoming Nebraska Colorado Kansas Oklahoma Texas Project Total
Wheat varieties, 2004 Acres N. Acres N. Acres N. Acres N. Acres N. Acres N. Acres N.
Jagger       1,130 4 6,735 13 32,780 33 1,155 4 41,800 54
TAM 110 (AGSECO)**       1,597 2       16,610 20 18,207 22
2174          250 1 15,410 24 80 1 15,740 26
Buckskin 11,017 10 3,420 5 270 1          14,707 16
Prairie Red *       10,949 13          10,949 13
Akron 240 1    7,548 7          7,788 8
Trego (white)       6,497 12       750 1 7,247 13
Jagalene (AgriPro) 745 4    537 3 674 9 3,570 22 1,114 5 6,640 43
2137 300 1 600 1    1,223 4 2,100 5 1,922 5 6,144 16
Above (Clearfield)**    728 2 5,343 13          6,071 15
Alliance    2,711 8 1,074 2          3,785 10
Quantum       3,508 1          3,508 1
Prowers 99 *       3,291 4          3,291 4
Halt *       3,199 2          3,199 2
Triumph 64                2,854 2 2,854 2
OK 101             2,687 7    2,687 7
Cutter (AgriPro)          347 4 112 2 1,785 2 2,244 8
Yumar *       1,698 4          1,698 4
TAM 105                1,668 3 1,668 3
T13 (Trio)       1,655 1          1,655 1
Pronghorn 1,207 3 352 2             1,559 5
TAM 107                1,540 2 1,540 2
Longhorn (AgriPro)       160 1 27 1 400 1 830 2 1,417 5
OK 102             1,376 4    1,376 4
Larned                1,329 1 1,329 1
Yuma    165 1 1,140 2          1,305 3
Dumas (AgriPro)                1,242 5 1,242 5
Millennium 65 1 1,075 5             1,140 6
Hardman Grain 9             1,054 2    1,054 2
T81 (Drussel)       995 2          995 2
Triumph Early                990 1 990 1
Coronado (AgriPro)          716 3 265 1    981 4
TAM 200                929 2 929 2
Ankor       879 3          879 3
Scout       858 1          858 1
AP502CL (AgriPro) 831 5                831 5
Custer             810 2    810 2
Niobrara    806 1             806 1
  * Russian wheat aphid resistant variety 
** greenbug resistant variety 

 
 
 

 60



 

The number of growers who planted the white wheat, Trego, increased from 10 growers to 12 
Colorado growers from 2003 to 2004, but acreage decreased from around 10,000 to about 6,500 
acres. In 2004, one Texas grower also planted Trego. 
 
The largest change for 2004 was the increase in Jagalene wheat as this new variety became 
available to more growers. In 2003, 7 growers had planted 518 acres. This increased to 43 
growers with 6,640 acres for the 2004 crop, with the largest increase among Oklahoma growers. 
 
Other interesting changes 2003-2004 were the increased acreage of the Clearfield variety, 
Above, especially among Colorado producers. In 2003, 8 growers planted 4,272 acres while in 
2004, 15 growers planted 6,071 acres of Above (13 Colorado growers and 2 Nebraska growers).  
Five Wyoming growers planted another Clearfield variety, AP502 CL.  
 
The varieties with broadest appeal to project growers across the six-state area were Jagalene, 
with acreage among growers in all states except Nebraska, and 2137, with acres in all states 
except Colorado.  
 
Other regionally important wheat cultivars among project growers included Pronghorn in 
Wyoming, Alliance and Millennium in Nebraska, Prowers 99 and Yumar in Colorado (two of the 
varieties resistant to Russian wheat aphid), Cutter and Coronado in Kansas, 2174 in Oklahoma, 
and Dumas in Texas.  
 
 
Preliminary cost of production analysis 
 
The initial round of results from the cost of production analysis can best be described in the 
attached Powerpoint slides.   
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Agronomic and Economic 
Challenges for Rain-Fed 

Crop Production

Prepared by: Paul A. Burgener, David Christian, and 
Sean Keenan
University of Nebraska and Oklahoma State University

Area-Wide IPM Program
• Six states and USDA-ARS

– USDA-ARS, Wheat, Research Unit, Stillwater, OK 
– Colorado State University
– Kansas State University
– University of Nebraska
– Oklahoma State University
– Texas A&M University
– University of Wyoming

• Project team
– 15 entomology
– 4 agronomy/weed science
– 1 agriculture economics
– 1 rural sociology
– 1 remote sensing
– several extension educators

Area-Wide IPM Program

• Economic and Sociology
– Focus groups 

• Beginning and end of project - $250 per grower
• Discuss management decision making process
• Insect, weed, and disease control
• Decision criteria

– Economic surveys – 147 growers 
• All 4 years of project - $100 per interview
• Personal interview at the farm
• Production practices 
• Production data
• Demographic information

Russian Wheat Aphid and
Greenbug Concerns

• Many of these acres are dryland wheat or 
barley
– Low yield potential
– Low cost producers
– Not cost effective to treat most years

• Management Alternatives
– Chemical control
– Resistant varieties
– Natural enemies
– Diversified crop rotations

Economic Interviews

• Develop budgets for each crop
– Look at both costs and returns
– Evaluate the different cost categories

• Fixed costs
• Variable costs

• Compare aggregate data by specific categories
– Differences across the set of farms

• By region/state
• By cropping system
• By cost structure
• Other demographic factors

Example Budget
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Crop Rotation Diversity
Revenue Cost Return

Whole Farm
All wheat (n=31) 84.76 46.93 37.83
Some acres (n=53) 88.04 47.26 39.65
All acres (n=54) 74.63 41.68 32.95
LSD.05 NS NS NS

Wheat Only
All wheat (n=30) 97.37 51.54 45.84
Some acres (n=53) 91.13 50.90 40.22
All acres (n=54) 80.63 45.94 34.69
LSD.05 14.67 NS NS

Treated for Insects
Revenue Cost Return

Whole Farm
Treated (n=45) 104.64 58.59 46.06
Did not treat (n=93) 71.13 38.43 32.05
LSD.05 15.51 9.67 11.27

Wheat Only
Treated (n=45) 101.63 61.17 40.46
Did not treat (n=92) 81.87 43.18 38.69
LSD.05 12.02 9.64 NS

Livestock on the Farm
Revenue Cost Return

Whole Farm
Livestock (n=79) 87.14 49.32 37.82
No livestock (n=59) 75.25 39.22 35.02
LSD.05 NS 9.57 NS

Wheat Only
Livestock (n=78) 88.08 53.77 34.31
No livestock (n=59) 88.72 42.89 45.83
LSD.05 NS 9.41 10.51

Irrigation on the Farm
Revenue Cost Return

Whole Farm
Irrigation (n=57) 76.52 39.85 36.67
No Irrigation (n=81) 85.96 48.63 36.59
LSD.05 NS NS NS

Wheat Only
Irrigation (n=57) 84.76 44.37 40.39
No Irrigation (n=80) 90.92 52.45 38.48
LSD.05 NS NS NS

Results by Zone
Revenue Cost Return

Whole Farm
Zone 1 (n=43) 54.66 27.22 23.81
Zone 2 (n=41) 55.83 27.48 27.54
Zone 3 (n=54) 123.79 72.46 51.33
LSD.05 13.05 7.50 12.42

Wheat Only
Zone 1 (n=43) 83.23 33.46 49.77
Zone 2 (n=41) 65.78 30.49 35.29
Zone 3 (n=53) 109.98 76.14 33.84
LSD.05 12.24 7.48 12.75
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Results by State
Revenue Cost Return

Whole Farm
Colorado (n=34) 52.79 25.98 26.81
Kansas (n=12) 140.21 67.68 72.52
Nebraska (n=13) 57.32 30.15 27.17
Oklahoma (n=42) 119.10 73.83 45.27
Texas (n=23) 60.78 30.08 29.27
Wyoming (n=14) 50.08 23.58 24.57
LSD.05 20.36 11.83 19.19

Results by State
Revenue Cost Return

Wheat Only
Colorado (n=34) 81.21 31.76 49.45
Kansas (n=12) 124.44 72.07 52.38
Nebraska (n=13) 78.22 36.97 41.24
Oklahoma (n=41) 105.74 77.33 28.41
Texas (n=23) 63.49 32.43 31.05
Wyoming (n=14) 74.15 27.34 46.81
LSD.05 19.36 11.80 19.81

Summary

• No significant differences in most areas
• Some areas warrant more investigation

– 2002 was drought year in some areas
– Need to look at variable by state and/or zone

• Further statistical evaluation needed
– Look at continuous variables
– Combine additional years
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Sociological Evaluation
On diversification and pest management 

in rain-fed crop production

Written by: Sean Keenan and Kristopher Giles
Oklahoma State University, Entomology & Plant 
Pathology

• A total of 138 
producers 
participated in one of 
20  focus groups in 
2003. 

• Extension educators 
observed the 
discussion and 
offered their insights 
afterward.

Focus Groups

Wyoming/Nebraska
Scottsbluff, Neb.
Pine Bluffs, Wyo.

Colorado
Brush
Lamar

Texas
Etter
Perryton
Umbarger
Claude

Kansas/Oklahoma
Hutchinson, Kan. 
Blackwell
Cherokee
Altus

Wyoming
Nebraska

Colorado
Kansas

Oklahoma

Texas

• Learn how 
growers have 
dealt with pests in 
wheat, and their 
experiences with 
diversified 
cropping systems. 

• Also an effective 
way to initiate their 
involvement with 
the program...

Purpose

“…I never thought about my 
experiences  being valuable 
information to you.” 

Procedure
•The discussion was 
informal, relaxed, 
and non-
threatening…

•We recorded & 
transcribed 
discussion, omitting 
personal 
identification.

Example database entry
Word group coding:
Crop_rotation=false
Consultant=true
Scouting=true
Weeds=false
(other codes…)

Segment text:
(FG15Oklahoma #259) 
“I would be dollars 
ahead to hire a 
consultant to scout
my fields. I am 
always going to do 
it, but never seem to 
get around to it…”
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Insects vs. Weeds

winter annual grasses

Russian wheat aphid

greenbug

mites

“armyworms”

0 5 10 15 20
Percent of all pest discussion

Discussion of IPM Practices

0 5 10 15 20
Percent of all pest discussion

Resistant cultivars

Biocontrol

Crop rotation

Field scouting

0 5 10 15 20 25

Weeds

Insects

Diseases

Percent of cropping systems discussion

Benefits of a Diversified
Cropping System References to social network

Landlords

Consultants

Extension

“Neighbors”

0 10 20 30 40 50 60

Percent of social network discussion

Networks & weed management
Landlords

Consultants

Extension

“Neighbors”

0 10 20 30 40 50 60

Percent of social network discussion

Networks & insect mgmt.
Landlords

Consultants

Extension

“Neighbors”

0 10 20 30 40 50 60

Percent of social network discussion
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Concluding points
• In focus groups, growers spoke most extensively 

about weed management in wheat.
• For insect management decisions, they referred 

more frequently to Extension and crop 
consultants…
– “As farmers, we don’t know where and when 

we have a problem until it is too late...”
– Simplification of IPM, like Decision Support 

Systems, can improve grower confidence.

• Growers made frequent references to 
“neighbors” in all aspects of cropping 
decisions
– Compare their own results to others.
– They enjoy learning from other’s experiences.

• On the horizon…
– Expanded outreach efforts, reach larger 

audience
– Second focus group 
– Sharing results of cost-of-production analysis 

with growers
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