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2013 Eastern Colorado Winter Wheat Variety Performance Trials
Jerry Johnson and Scott Haley

The Colorado State University Crops Testing and Wheat Breeding and Genetics programs 
provide current, reliable, and unbiased wheat variety information as quickly as possible to 
Colorado producers for making better variety decisions. CSU has an excellent research faculty 
and staff, a focused breeding program, graduate and undergraduate students, and dedicated 
agricultural extension specialists. Wheat improvement in Colorado would not be possible without 
the support and cooperation of the entire Colorado wheat industry. On-going and strong producer 
support for our programs is critical for sustained public variety development and testing.

Our wheat variety performance trials and Collaborative On-Farm Test (COFT) represent the 
¿QDO�VWDJHV�RI�D�ZKHDW�EUHHGLQJ�SURJUDP�ZKHUH�SURPLVLQJ�DQG�QHZO\�UHOHDVHG�H[SHULPHQWDO�OLQHV�
are tested under an increasingly broad range of environmental conditions. As a consequence 
of large environmental variation in our region, Colorado State University annually conducts 
a large number of performance trials and on-farm tests. These trials serve to guide producer 
variety decisions and to assist our breeding program to more reliably select and advance the most 
promising lines toward release as new varieties.

7KHUH�ZHUH����HQWULHV�LQ�WKH�GU\ODQG�SHUIRUPDQFH�WULDOV��8937��DQG����HQWULHV�LQ�WKH�LUULJDWHG�
performance trials (IVPT). All trials included a combination of public and private varieties 
and experimental lines from Colorado, Texas, Kansas, Oklahoma, Nebraska, and Montana. 
All dryland and irrigated trials were planted in a randomized complete block design with three 
replicates. Plot sizes were approximately 175 ft2 (except the Fort Collins IVPT, which was 60 ft2) 
and all varieties were planted at 700,000 viable seeds per acre for dryland trials and 1.2 million 
viable seeds per acre for irrigated trials. Yields were corrected to 12% moisture. Test weight 
LQIRUPDWLRQ�ZDV�REWDLQHG�IURP�DQ�DLU�EORZHU�FOHDQHG�VDPSOH�RI�WKH�¿UVW�UHSOLFDWLRQ�RU�IURP�D�
combine equipped with a Harvest Master measuring system.

2013 Dryland Variety Performance Trials

Without a doubt, 2013 will go down in the books as one of the toughest years in history for 
winter wheat in eastern Colorado. As a result of an extremely dry spring and summer 2012, 
very dry planting conditions were experienced at most trial locations at planting time in fall 
2012. In spite of extremely dry conditions, decent plant stands were achieved at several sites, in 
some cases due to timely rains that came after the trials had been “dusted in”. One trial location, 
5RJJHQ��FUXVWHG�LQ�WKH�IDOO�GXH�WR�UDLQ�DIWHU�EHLQJ�³GXVWHG�LQ´�DQG�D�QHZ�¿HOG�ORFDWLRQ�ZDV�
replanted in early October. Unfortunately, incomplete or extremely variable plant stands at the 
Lamar, Arapahoe, and Genoa dryland trial locations led to abandonment of these trials. 

Drought conditions persisted throughout the winter, most critically in southeast Colorado. 
In many areas of southeast Colorado, lack of precipitation coupled with very short subsoil 
moisture, led to complete stand loss as the crop came out of the winter. The dryland trial location 
at Sheridan Lake (Brandon) had decent stands in the fall (after being “dusted in”) but was 
abandoned in early spring due to complete death of the plants from extreme drought.  
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By early spring, dryland trials and the crop in many areas of northeast Colorado looked 
extremely good with high yield potentials. Subsoil moisture was not plentiful, yet expectations 
for above-average wheat yields were high. Unfortunately, the crop in many areas, including the 
WULDOV�DW�¿YH�RI�WKH�VHYHQ�UHPDLQLQJ�GU\ODQG�ORFDWLRQV�LQ�QRUWKHDVW�&RORUDGR��$NURQ��-XOHVEXUJ��
Orchard, Roggen, and Yuma), received inadequate precipitation to meet these expectations. 
:KLOH�WKHVH�¿YH�WULDO�ORFDWLRQV�ZHUH�VXFFHVVIXOO\�KDUYHVWHG��DYHUDJH�WULDO�\LHOGV�ZHUH�DW�OHDVW�
50% less than visual estimates made during site visits in late April and early May. The remaining 
two dryland trials, Walsh and Burlington, also suffered from continued drought throughout the 
spring and although they were successfully harvested, the trial yields were extremely low. Very 
little or no hail affected the trials, with the exception of a light hail at Akron (estimated 10% 
damage) a week prior to harvest. 

While 2012 and 2013 will both be remembered as “drought years”, the patterns of the stresses 
and the temperature regimes experienced were markedly different. First, the 2012 crop emerged 
extremely well with good fall moisture conditions whereas the 2013 crop had a tough time 
moisture-wise from the start, hindering good fall root development. Second, warm temperatures 
in spring 2012 resulted in accelerated plant development and a crop that was 2-3 weeks early 
whereas in 2013 cool temperatures in early spring resulted in much delayed plant development 
DQG�MRLQWLQJ�WKDW�ZDV�URXJKO\�����ZHHNV�ODWHU�WKDQ�³DYHUDJH´��DQG�WKXV�WKUHH�WR�IRXU�ZHHNV�ODWHU�
than in 2012). Interestingly, the wheat showed a remarkable ability to “catch up” (responding to 
the high temperatures in mid- and late-May), as heading dates recorded at the Fort Collins and 
Akron trial locations were right on the long-term average for these locations. Finally, several 
severe spring freezes occurred from March through May that damaged the 2013 crop. Although 
plant development was behind normal, it was far enough along in southeast Colorado to result 
in severe damage to the growing points of the plants, especially for wheat under irrigation. From 
east-central to northeast Colorado, due to delayed plant development, the growing point was still 
at or below ground when the freezes occurred and thus damage was restricted to burning off of 
the above-ground foliage, which undoubtedly reduced yields. 

In 2013, there was a general lack of foliar disease pressure due to the drought conditions. 
Isolated leaf and stripe rust was observed only at the irrigated trial location at Fort Collins. 
With the prolonged drought, root rot symptoms were observed at several trial locations, though 
perhaps not as severe as in 2012. As has become common in eastern Colorado, dry conditions in 
early spring favored severe brown wheat mite infestations as the wheat came out of the winter. 
Russian wheat aphid and bird cherry-oat aphids were observed at several locations and isolated 
wheat streak mosaic virus and barley yellow dwarf observations were recorded. 

2013 Irrigated Variety Performance Trials

The Irrigated Variety Performance Trials (IVPT) also experienced a mixed bag of conditions. The 
worst of these occurred at Rocky Ford where severe brown wheat mite infestation, prior crop 
herbicide damage, and perennial weed infestation led to abandonment of the trial. 

At Fort Collins, good stand emergence was achieved but a very dry fall and winter led to 
VLJQL¿FDQW�GURXJKW�VWUHVV�E\�ODWH�ZLQWHU��:KLOH�QHDUO\�IRXU�IHHW�RI�VQRZ�FDPH�LQ�ODWH�0DUFK�WR�



��

early April to save the trial, inadequate irrigation and very warm temperatures throughout June 
limited yields (trial average 73 bu/ac). No disease pressure was observed at Fort Collins, but 
light Russian wheat aphid pressure was observed. The freeze events, particularly the one in early 
April, damaged the above-ground foliage, although the growing points were not damaged. 

'XH�WR�H[FHOOHQW�PDQDJHPHQW��YHU\�KLJK�\LHOGV��WULDO�DYHUDJH�����EX�DF��ZHUH�DJDLQ�DFKLHYHG�
DW�WKH�ORFDWLRQ�QHDU�+D[WXQ��DV�KDV�EHFRPH�FRPPRQ�IRU�WKLV�ORFDWLRQ��6LJQL¿FDQW�ORGJLQJ�ZDV�
REVHUYHG�LQ�VRPH�HQWULHV�LQ�WKH�¿UVW�UHSOLFDWLRQ�RI�WKH�WULDO��EXW�IROLDU�GLVHDVHV�ZHUH�FRPSOHWHO\�
lacking, due to lack of inoculum and timely fungicide application.
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Summary of 2013 Dryland Variety Performance Results

Brand/Source Varietya

Market 

Classb Yieldc Yield

Test 

Weightc Plant Heightc

bu/ac % trial average lb/bu in
PlainsGold Antero HWW 27.5 114% 56.3 22
PlainsGold Byrd HRW 27.1 113% 55.3 23
Limagrain LCS Mint HRW 26.7 111% 57.9 24
PlainsGold Brawl CL Plus HRW 26.0 ���� 56.2 23
Husker Genetics Settler CL HRW 26.0 ���� 54.6 21
KS Wheat Alliance Oakley CL HRW ���� 107% 56.6 22
CO State Univ. exp. CO07W722-F5 HWW 25.7 107% 54.7 20
Oklahoma Genetics Iba HRW 25.4 105% 56.6 21
Watley Seed TAM 112 HRW 25.3 105% ���� 22
WestBred Monsanto Winterhawk HRW 25.3 105% 57.3 23
WestBred Monsanto WB-Grainfield HRW 25.1 104% 54.7 23
PlainsGold Denali HRW 25.0 104% 56.9 23
Limagrain T154 HRW 25.0 104% 55.6 20
PlainsGold Ripper HRW 25.0 104% 54.4 22
Limagrain 7��� HRW 24.9 103% 55.0 21
CO State Univ. exp. &2��:��� HWW ���� 103% 56.7 22
KS Wheat Alliance Clara CL HWW 24.7 103% 56.9 23
PlainsGold Above HRW 24.7 103% 54.5 21
CO State Univ. exp. CO05W111 HWW 24.5 102% ���� 22
CO State Univ. exp. &2����� HRW 24.4 101% 57.3 21
Limagrain T153 HRW 24.2 100% ���� 20
PlainsGold Bill Brown HRW 24.1 100% ���� 22
AgriPro Syngenta TAM 111 HRW 24.1 100% 55.7 22
Husker Genetics Robidoux HRW 24.0 100% 55.3 22
Limagrain T163 HRW 24.0 100% 56.1 22
AgriPro Syngenta SY Wolf HRW ���� 99% 57.0 22
Oklahoma Genetics Gallagher HRW 23.7 ��� 55.7 22
AGSECO TAM 113 HRW 23.3 97% 55.7 21
Limagrain LCS Wizard HRW 23.3 97% 55.0 20
Nebraska exp. 1,����� HRW 23.0 95% ���� 22
KS Wheat Alliance ���� HRW 22.7 94% 56.4 21
PlainsGold Hatcher HRW 22.5 94% 56.0 21
PlainsGold Bond CL HRW 22.3 93% 53.2 22
Husker Genetics Freeman HRW 22.1 92% 54.3 22
Nebraska exp. NE05496 HRW 22.1 92% 56.0 21
Husker Genetics McGill HRW 22.1 92% 54.6 23
AGSECO Protection HRW ���� 91% 53.4 24
CO State Univ. exp. &2����� HRW 21.2 ��� 54.6 19
PlainsGold Snowmass HWW 20.5 ��� 53.9 23
Montana State Univ. Bearpaw HRW 19.4 ��� 56.2 19

Average 24.1 55.6 22

aVarieties ranked according to average yield in 2013.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�
cThe 2013 average yield, test weight, and plant heights are based on seven 2013 trials.

Summary of 2013 Dryland Variety Performance Results
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Summary of 2-Year (2012-2013) Dryland Variety Performance Results

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height
bu/ac % trial average lb/bu in

PlainsGold Byrd HRW ���� 112% ���� 26
PlainsGold Antero HWW 42.7 112% 59.6 26
CO State Univ. exp. CO07W722-F5 HWW ���� 107% ���� 23
Watley Seed TAM 112 HRW 40.1 105% 59.5 25
PlainsGold Brawl CL Plus HRW 40.0 105% ���� 26
PlainsGold Ripper HRW 39.6 104% 57.9 25
CO State Univ. exp. &2��:��� HWW 39.5 104% 60.1 25
Limagrain 7��� HRW ���� 102% 59.0 25
AGSECO TAM 113 HRW ���� 102% 59.4 25
Husker Genetics Settler CL HRW ���� 101% ���� 24
PlainsGold Denali HRW ���� 101% 60.0 26
WestBred Monsanto Winterhawk HRW ���� 101% 60.1 26
PlainsGold Above HRW ���� 100% ���� 24
CO State Univ. exp. &2����� HRW ���� 100% ���� 23
AgriPro Syngenta TAM 111 HRW ���� 100% 59.1 26
AgriPro Syngenta SY Wolf HRW ���� 100% ���� 26
CO State Univ. exp. CO05W111 HWW ���� 100% 59.5 26
Limagrain T163 HRW ���� 99% 59.6 26
PlainsGold Bill Brown HRW 37.6 ��� 59.2 24
Husker Genetics Robidoux HRW 37.5 ��� ���� 25
CO State Univ. exp. &2����� HRW 37.5 ��� 60.5 24
PlainsGold Hatcher HRW 37.0 97% 59.1 24
AGSECO Protection HRW 36.9 97% 57.0 27
KS Wheat Alliance Clara CL HWW 36.7 96% 60.4 25
KS Wheat Alliance ���� HRW 35.9 94% ���� 24
PlainsGold Bond CL HRW ���� 94% 56.4 26
Husker Genetics McGill HRW 35.4 93% ���� 27
Nebraska exp. NE05496 HRW 35.3 92% ���� 24
PlainsGold Snowmass HWW 34.7 91% ���� 26

Average 38.2 59.0 25

aVarieties ranked according to average 2-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 2-Year (2012-2013) Dryland 
Variety Performance Results

2-Year Averagec

cThe 2-year average yield, test weight, and plant height are based on nine 2012 trials and seven 2013 
trials.
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Summary of 3-Year (2011-2013) Dryland Variety Performance Results

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height
bu/ac % trial average lb/bu in

PlainsGold Byrd HRW 46.4 112% 59.0 27
PlainsGold Antero HWW 46.0 111% 59.6 26
Watley Seed TAM 112 HRW 42.9 103% 59.7 26
PlainsGold Ripper HRW 42.6 103% ���� 25
PlainsGold Denali HRW 42.2 102% ���� 27
Husker Genetics Settler CL HRW ���� 101% ���� 25
PlainsGold Brawl CL Plus HRW 41.6 100% 59.6 27
PlainsGold Above HRW 41.5 100% ���� 25
PlainsGold Hatcher HRW 41.3 99% 59.1 25
PlainsGold Bill Brown HRW 41.2 99% 59.3 25
WestBred Monsanto Winterhawk HRW 41.1 99% 59.9 27
AgriPro Syngenta SY Wolf HRW 41.1 99% 59.4 26
CO State Univ. exp. CO05W111 HWW 41.0 99% 59.2 27
Limagrain T163 HRW 40.7 ��� 59.2 26
Husker Genetics Robidoux HRW 39.9 96% ���� 26
PlainsGold Snowmass HWW 39.0 94% ���� 27
PlainsGold Bond CL HRW ���� 93% 56.7 27
Husker Genetics McGill HRW ���� 92% ���� 27

Average 41.5 58.9 26

aVarieties ranked according to average 3-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 3-Year (2011-2013) Dryland 
Variety Performance Results

3-Year Averagec

cThe 3-year average yield, test weight, and plant height are based on six 2011 trials, nine 2012 
trials, and seven 2013 trials.
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Summary of 2013 Northeast Colorado 
Dryland Variety Performance Results

Brand/Source Varietya

Market 

Classb Yieldc Yield Test Weightc Plant Heightc

bu/ac % trial average lb/bu in
PlainsGold Antero HWW ���� 114% 56.3 22
PlainsGold Byrd HRW ���� 112% 55.3 23
PlainsGold Brawl CL Plus HRW 27.5 ���� 56.2 23
Limagrain LCS Mint HRW 27.3 107% 57.9 24
CO State Univ. exp. CO07W722-F5 HWW 27.1 107% 54.7 20
Husker Genetics Settler CL HRW 26.9 106% 54.6 21
KS Wheat Alliance Oakley CL HRW ���� 105% 56.6 22
WestBred Monsanto Winterhawk HRW ���� 105% 57.3 23
PlainsGold Denali HRW ���� 105% 56.9 23
Watley Seed TAM 112 HRW 26.7 105% ���� 22
Oklahoma Genetics Iba HRW 26.7 105% 56.6 21
Limagrain T154 HRW 26.5 104% 55.6 20
Limagrain 7��� HRW 26.5 104% 55.0 21
PlainsGold Ripper HRW 26.5 104% 54.4 22
WestBred Monsanto WB-Grainfield HRW 26.2 103% 54.7 23
Limagrain T153 HRW 26.0 102% ���� 20
PlainsGold Above HRW 26.0 102% 54.5 21
Limagrain T163 HRW 25.9 102% 56.1 22
AgriPro Syngenta TAM 111 HRW ���� 102% 55.7 22
CO State Univ. exp. &2����� HRW ���� 101% 57.3 21
CO State Univ. exp. CO05W111 HWW 25.7 101% ���� 22
CO State Univ. exp. &2��:��� HWW 25.6 100% 56.7 22
KS Wheat Alliance Clara CL HWW 25.5 100% 56.9 23
PlainsGold Bill Brown HRW 25.4 100% ���� 22
Oklahoma Genetics Gallagher HRW 25.1 99% 55.7 22
Husker Genetics Robidoux HRW 25.1 99% 55.3 22
AgriPro Syngenta SY Wolf HRW 25.1 99% 57.0 22
AGSECO Protection HRW 24.7 97% 53.4 24
AGSECO TAM 113 HRW 24.6 97% 55.7 21
Limagrain LCS Wizard HRW 24.5 96% 55.0 20
PlainsGold Hatcher HRW 24.4 96% 56.0 21
Nebraska exp. 1,����� HRW 24.3 95% ���� 22
PlainsGold Bond CL HRW 24.1 94% 53.2 22
KS Wheat Alliance ���� HRW 23.9 94% 56.4 21
Husker Genetics McGill HRW 23.4 92% 54.6 23
Husker Genetics Freeman HRW 23.3 92% 54.3 22
Nebraska exp. NE05496 HRW 23.2 91% 56.0 21
CO State Univ. exp. &2����� HRW 22.3 ��� 54.6 19
PlainsGold Snowmass HWW 22.2 ��� 53.9 23
Montana State Univ. Bearpaw HRW 20.6 ��� 56.2 19

Average 25.5 55.6 22

aVarieties ranked according to average yield in 2013.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 2013 Northeast Colorado Dryland 
Variety Performance Results

cThe average yield, test weight, and plant heights are based on six trials in 2013 in northeast 
Colorado (north of I-70).
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Summary of 2-Year (2012-2013) Northeast Colorado 
Dryland Variety Performance Results

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height
bu/ac % trial average lb/bu in

PlainsGold Antero HWW ���� 113% 59.0 26
PlainsGold Byrd HRW 44.0 109% ���� 26
CO State Univ. exp. CO07W722-F5 HWW 43.2 106% ���� 23
PlainsGold Brawl CL Plus HRW ���� 106% 59.3 26
Watley Seed TAM 112 HRW 42.4 105% ���� 25
CO State Univ. exp. &2��:��� HWW ���� 103% 59.7 25
Limagrain 7��� HRW 41.7 103% ���� 24
PlainsGold Ripper HRW 41.5 102% 57.4 25
PlainsGold Denali HRW 41.4 102% 59.6 26
AGSECO TAM 113 HRW 41.1 101% ���� 25
Husker Genetics Settler CL HRW 41.0 101% ���� 24
AgriPro Syngenta SY Wolf HRW 40.9 101% 59.5 25
PlainsGold Above HRW 40.9 101% 57.5 24
WestBred Monsanto Winterhawk HRW 40.9 101% 59.7 26
AgriPro Syngenta TAM 111 HRW 40.9 101% ���� 26
CO State Univ. exp. CO05W111 HWW 40.4 100% 59.2 26
AGSECO Protection HRW 40.3 99% 56.6 27
Limagrain T163 HRW 40.0 99% 59.1 25
PlainsGold Bill Brown HRW ���� ��� ���� 25
CO State Univ. exp. &2����� HRW 39.7 ��� 57.7 23
CO State Univ. exp. &2����� HRW 39.5 ��� 60.1 24
Husker Genetics Robidoux HRW 39.4 97% ���� 25
PlainsGold Hatcher HRW ���� 96% ���� 24
KS Wheat Alliance Clara CL HWW ���� 95% ���� 26
KS Wheat Alliance ���� HRW ���� 95% ���� 24
Husker Genetics McGill HRW ���� 94% 57.7 26
PlainsGold Bond CL HRW ���� 94% ���� 26
Nebraska exp. NE05496 HRW 37.5 92% ���� 24
PlainsGold Snowmass HWW 36.4 90% 57.6 26

Average 40.5 58.5 25

aVarieties ranked according to average 2-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 2-Year (2012-2013) Northeast Colorado 
Dryland Variety Performance Results

2-Year Averagec

cThe average yield, test weight, and plant heights are based on six 2013 trials and six 2012 trials in 
northeast Colorado (north of I-70).
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Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height
bu/ac % trial average lb/bu in

PlainsGold Antero HWW ���� 111% 59.0 27
PlainsGold Byrd HRW 47.7 110% ���� 27
Watley Seed TAM 112 HRW ���� 103% 59.2 26
PlainsGold Denali HRW 44.4 102% 59.3 ��
PlainsGold Ripper HRW 44.2 102% 57.4 25
AgriPro Syngenta SY Wolf HRW 44.1 102% 59.2 26
PlainsGold Brawl CL Plus HRW 44.1 102% 59.0 27
Husker Genetics Settler CL HRW 43.7 101% ���� 25
PlainsGold Above HRW 43.3 100% 57.5 25
WestBred Monsanto Winterhawk HRW 43.3 100% 59.5 27
CO State Univ. exp. CO05W111 HWW ���� 99% ���� 27
PlainsGold Bill Brown HRW 42.7 99% ���� 25
Limagrain T163 HRW 42.7 ��� ���� 26
PlainsGold Hatcher HRW 42.5 ��� ���� 25
Husker Genetics Robidoux HRW 41.5 96% ���� 26
PlainsGold Bond CL HRW 40.5 93% 56.1 27
Husker Genetics McGill HRW 40.3 93% ���� 27
PlainsGold Snowmass HWW 40.1 92% 57.7 27

Average 43.4 58.4 26

aVarieties ranked according to average 3-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 3-Year (2011-2013) Northeast Colorado 
Dryland Variety Performance Results

3-Year Averagec

cThe average yield, test weight, and plant heights are based on six 2013 trials, six 2012 trials, and 
four 2011 trials in northeast Colorado (north of I-70).

Summary of 3-Year (2011-2013) Northeast Colorado 
Dryland Variety Performance Results
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Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height
bu/ac % trial average lb/bu in

PlainsGold Byrd HRW 39.0 125% 61.5 26
CO State Univ. exp. &2����� HRW 34.2 110% 62.1 23
PlainsGold Ripper HRW 34.1 109% 60.7 25
CO State Univ. exp. CO07W722-F5 HWW ���� ���� 61.5 22
PlainsGold Antero HWW 33.4 107% 63.0 25
Watley Seed TAM 112 HRW 33.0 106% 62.6 25
CO State Univ. exp. &2��:��� HWW 32.7 105% 62.4 22
AGSECO TAM 113 HRW 32.0 103% ���� 26
Husker Genetics Robidoux HRW 31.9 102% 61.9 26
PlainsGold Brawl CL Plus HRW 31.6 101% ���� 24
CO State Univ. exp. &2����� HRW 31.3 100% ���� 24
Limagrain T163 HRW 31.3 100% 62.5 ��
Husker Genetics Settler CL HRW 31.3 100% 62.3 24
PlainsGold Hatcher HRW 31.3 100% 61.7 22
PlainsGold Bill Brown HRW 31.0 100% 63.0 21
WestBred Monsanto Winterhawk HRW 31.0 100% 62.4 ��
CO State Univ. exp. CO05W111 HWW 30.9 99% 61.2 23
PlainsGold Above HRW ���� 99% ���� 25
KS Wheat Alliance Clara CL HWW 30.7 99% 63.2 24
Limagrain 7��� HRW 30.4 ��� ���� 30
AgriPro Syngenta TAM 111 HRW 30.1 97% 62.1 29
PlainsGold Snowmass HWW 29.7 95% 61.5 27
PlainsGold Denali HRW 29.7 95% 62.4 24
AgriPro Syngenta SY Wolf HRW 29.4 94% 61.3 27
Nebraska exp. NE05496 HRW ���� 92% 60.9 21
PlainsGold Bond CL HRW ���� 92% 59.5 24
KS Wheat Alliance ���� HRW ���� 90% 59.3 29
Husker Genetics McGill HRW 27.0 ��� ���� 29
AGSECO Protection HRW 26.7 ��� 59.5 26

Average 31.2 61.8 25

aVarieties ranked according to average 2-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 2-Year (2012-2013) Southeast Colorado 
Dryland Variety Performance Results

2-Year Averagec

cThe 2-year average yield, test weight, and plant height are based on three 2012 trials and one 2013 
trial in southeast Colorado (south of I-70).

Summary of 2-Year (2012-2013) Southeast Colorado 
Dryland Variety Performance Results
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Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height

bu/ac % trial average lb/bu in
PlainsGold Byrd HRW 42.9 117% ���� 26
PlainsGold Antero HWW 40.2 110% ���� 25
PlainsGold Ripper HRW ���� 106% 60.0 24
PlainsGold Hatcher HRW 37.9 104% 61.0 22
Watley Seed TAM 112 HRW ���� 104% 61.4 25
PlainsGold Bill Brown HRW 37.2 102% 61.6 21
Husker Genetics Settler CL HRW ���� 101% ���� 23
PlainsGold Above HRW 36.4 100% 60.6 24
PlainsGold Denali HRW 36.3 100% 61.6 24
CO State Univ. exp. CO05W111 HWW 36.2 99% 60.6 23
PlainsGold Snowmass HWW 35.9 ��� 60.5 26
Husker Genetics Robidoux HRW 35.6 97% 61.0 25
WestBred Monsanto Winterhawk HRW 35.3 97% 61.4 27
Limagrain T163 HRW 35.3 97% 61.2 26
PlainsGold Brawl CL Plus HRW 35.0 96% ���� 24
PlainsGold Bond CL HRW ���� 93% 59.0 24
AgriPro Syngenta SY Wolf HRW 33.2 91% 60.2 25
Husker Genetics McGill HRW 32.5 ��� 59.6 ��

Average 36.5 60.8 24

aVarieties ranked according to average 3-year yield.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�

Summary of 3-Year (2011-2013) Southeast Colorado 
Dryland Variety Performance Results

3-Year Averagec

cThe 3-year average yield, test weight, and plant height are based on two 2011 trials, three 2012 
trials, and one 2013 trial in southeast Colorado (south of I-70).

Summary of 3-Year (2011-2013) Southeast Colorado 
Dryland Variety Performance Results
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Yield Regressions to Compare Expected Performance of Varieties

The following linear regressions are based on multiple Dryland Variety Performance Trials 
DQG�&ROODERUDWLYH�2Q�)DUP�7HVW�UHVXOWV�IURP������WKURXJK�������7KH\�FDQ�EH�XVHG�DV�D�WRRO�
to help growers visualize the expected performance of each variety in low-to-high yielding 
environments. If the lines do not cross over one another, this means the yield of one variety 
would be expected to be consistently higher or lower than the yield of the other variety over all 
yield environments. Farmers can predict the yield of Byrd given the yield of Hatcher, which is 
VKRZQ�RQ�WKH�¿UVW�UHJUHVVLRQ��7KH�VHFRQG�UHJUHVVLRQ�FDQ�EH�XVHG�WR�SUHGLFW�WKH�\LHOG�RI�%\UG�
given the yield of Ripper. The equation shown in each graph can be used to predict the expected 
yield of a variety, given a yield of the variety listed on the bottom (x-axis) of the graph. For 
H[DPSOH��LQ�WKH�¿UVW�UHJUHVVLRQ��WKH�H[SHFWHG�\LHOG�RI�%\UG� �������\LHOG�RI�+DWFKHU���������EX�
ac. If the yield of Hatcher is 50 bu/ac then you would expect the yield of Byrd to be 54.4 bu/
ac. The R-squared value of the regression is a statistical measure that represents how well a 
UHJUHVVLRQ�OLQH�¿WV�WKH�DFWXDO�GDWD�SRLQWV���5�VTXDUHG�YDOXHV�HTXDO�WR�����PHDQV�WKH�UHJUHVVLRQ�
OLQH�¿WV�WKH�GDWD�SHUIHFWO\��,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�WKH�FRPSDULVRQV�DUH�H[SHFWHG�WR�EH�
more reliable when they include more results over multiple locations from different years. 
Additional testing of varieties might change the relationships portrayed in the following graphs.



���
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2013 Collaborative On-Farm Test (COFT) Variety Performance Results

7KH�REMHFWLYH�RI�WKH������&2)7�ZDV�WR�FRPSDUH�SHUIRUPDQFH�DQG�DGDSWDELOLW\�RI�SRSXODU�DQG�
newly released CSU varieties (Byrd, Brawl CL Plus, Denali, and Antero) with a proven high-
yielding variety (Hatcher), and with a variety with a grower price-premium (Snowmass) under 
XQELDVHG��¿HOG�VFDOH�WHVWLQJ�FRQGLWLRQV��7KH�&2)7�SURJUDP�LV�LQ�LWV���WK�\HDU�DQG�WKH�PDMRULW\�
of Colorado’s 2013 wheat acreage was planted to winter wheat varieties that have been tested in 
the COFT program. 
 
In the fall of 2012, thirty-three eastern Colorado wheat producers planted on-farm tests in 
Baca, Bent, Prowers, Kiowa, Cheyenne, Kit Carson, Washington, Yuma, Phillips, Sedgwick, 
Lincoln, Logan, Adams, and Weld counties. Each collaborator planted the six varieties in side-
by-side strips (approximately one acre per variety) at the same seeding rate as they seeded their 
own wheat.  Fifteen viable harvest results were obtained from the thirty-three tests due to the 
extremely dry conditions farmers experienced during the growing season. The COFT results 
need to be interpreted based on all tests within a year and not on the basis of a single variety 
comparison on a single farm in one year. 

Colorado extension wheat educators who conducted the COFT program in �����

Jerry Johnson – Extension Specialist-Crop Production, Fort Collins
Bruce Bosley – Extension Agronomist, Logan County
:LOPD�7UXMLOOR�±�([WHQVLRQ�$JURQRPLVW��3URZHUV�&RXQW\
John Deering – Extension Specialist-Ag. Business Management, Washington County
Ron Meyer – Extension Agronomist, Golden Plains Area
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County/Nearest Town Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc Yieldb
Test 

Weight Protein

Protein 

Yieldc

bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac bu/ac lb/bu percent lb/ac
Baca/Vilas ��� 56.1 - - 10.0 55.2 - - 6.5 57.9 - - 5.2 57.1 - - 5.7 56.0 - - 6.3 54.6 - - 7.0 56.2 - -
Kit Carson/Burlington 15.0 57.9 16.4 147 12.5 59.0 16.5 124 16.5 ���� 16.6 164 14.2 59.1 16.0 137 11.5 59.1 16.1 111 11.4 ���� 15.2 104 13.5 58.7 15.2 104
Lincoln/Arriba ���� 57.5 15.0 295 36.3 56.6 14.6 319 ���� 56.6 14.9 312 37.0 55.6 14.3 317 31.6 ���� 14.1 267 ���� 55.4 15.0 256 33.5 56.3 15.0 256
Logan/Leroy 25.6 59.0 11.7 ��� 24.2 59.5 11.6 ��� 24.2 62.0 12.9 ��� 26.9 59.0 11.5 ��� 23.4 59.5 11.4 160 21.1 ���� 11.7 ��� 24.2 59.5 11.7 148
Logan/Peetz 30.1 59.0 - - ���� 59.0 - - 19.6 59.0 - - ���� ���� - - 36.3 57.2 - - 29.6 ���� - - 30.7 58.4 - -
Logan/Sterling W ���� 55.0 14.1 295 32.0 56.0 13.5 260 35.3 55.5 14.3 304 31.5 56.0 14.0 265 ���� 56.5 13.7 277 27.2 53.5 13.0 212 32.4 55.4 13.0 212
Phillips/Haxtun ���� ���� 14.0 403 43.3 54.1 14.5 ��� 46.7 55.4 14.9 417 44.5 ���� 14.2 ��� 43.5 ���� 13.9 363 36.3 52.4 14.1 306 43.7 54.1 14.1 306
Washington/Akron S 39.0 60.0 13.7 320 36.3 60.0 14.0 305 40.5 61.5 15.0 364 ���� 62.0 14.0 292 30.5 60.0 14.4 264 ���� 60.0 12.6 ��� 36.5 60.6 12.6 285
Washington/Akron W 16.7 55.0 13.7 137 ���� 55.0 14.5 172 ���� 56.0 14.9 162 17.0 56.0 15.5 157 15.6 55.0 14.1 132 15.5 55.0 14.5 135 17.1 55.3 14.5 135
Washington/Central 21.3 55.5 12.4 159 22.6 ���� 12.6 171 22.0 56.9 13.1 173 21.7 ���� 13.9 ��� 20.4 57.5 12.6 154 ���� 55.3 11.5 137 21.3 57.0 11.5 137
Washington/Otis ���� ���� 14.1 414 39.9 ���� 14.5 346 42.5 60.5 15.0 ��� 41.7 61.0 14.4 362 40.2 59.0 14.1 340 ���� 59.0 13.4 ��� 41.3 59.4 13.4 281
Weld/Keenesburg 37.7 56.0 15.1 343 33.1 57.0 14.4 ��� 35.3 56.5 15.1 320 27.9 ���� 14.9 250 34.7 59.0 13.4 279 25.2 57.0 13.3 201 32.3 57.3 13.3 201
Weld/New Raymer ���� 56.5 14.0 225 33.0 57.0 13.0 ��� 24.9 ���� ���� 206 25.3 57.0 14.5 220 26.2 56.0 13.9 ��� 26.7 56.0 13.1 210 27.1 56.8 13.1 210
Weld/Roggen ���� 59.0 - - 56.6 60.0 - - ���� 60.0 - - 52.2 60.0 - - 49.4 61.0 - - 41.0 60.0 - - 49.6 60.0 - -
Yuma/Yuma ���� 59.6 9.3 210 34.1 60.3 9.2 ��� 37.0 61.5 ��� ��� 33.7 61.2 9.7 197 ���� 59.4 9.4 ��� ���� 59.1 9.0 150 33.9 60.2 9.0 150
Average 31.5 57.2 13.6 261 31.0 57.7 13.6 248 30.1 58.4 14.2 267 30.1 58.3 13.9 245 29.0 57.6 13.4 229 25.9 56.8 13.0 202 29.6 57.7 13.0 202
Significanced A A,B B,C B,C C D
LSD (P<0.30) for yield �����EX�DF��
LSD (P<0.30) for test weight �����OE�EX
LSD (P<0.30) for protein �����SHUFHQW
LSD (P<0.30)�IRU�SURWHLQ�\LHOG� ����OE�DF
aVarieties are ranked left to right by highest average yield.
bThe protein yield is calculated by multiplying the grain yield by the percent grain protein.
cAll yields are corrected to 12% moisture.
d6LJQLILFDQFH��9DULHWLHV�ZLWK�GLIIHUHQW�OHWWHUV�KDYH�\LHOGV�WKDW�DUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�RQH�DQRWKHU�

2013 Varietiesa

COFT Average

2013 Collaborative On-Farm Test (COFT) Variety Performance Results

Byrd Antero Brawl CL Plus Denali Hatcher Snowmass
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Summary of 3-Year (2011-2013) Limited Irrigation Variety Performance 
Results at Fort Collins

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height Heading Lodgingc

bu/ac
% trial 
average

lb/bu in
days from 

trial average scale (1-9)d

PlainsGold Byrd HRW ���� 114% 60.1 33 -1 3
Husker Genetics Robidoux HRW ���� 110% 59.9 32 1 3
Husker Genetics Settler CL HRW 79.6 104% 59.4 32 1 2
PlainsGold Hatcher HRW ���� 103% 59.1 30 1 2
AgriPro Syngenta SY Gold HRW ���� 103% 59.1 31 -1 1
AgriPro Syngenta SY Wolf HRW ���� 103% 59.3 32 3 2
CO State Univ. exp. CO05W111 HWW 76.2 100% 60.9 35 3 1
WestBred Monsanto Armour HRW 75.9 100% ���� 29 -3 2
PlainsGold Bond CL HRW ���� 99% ���� 32 -2 2
PlainsGold Denali HRW 75.3 99% 60.4 33 3 2
PlainsGold Brawl CL Plus HRW 73.5 96% 59.9 34 -2 1
CO State Univ. Yuma HRW 73.0 96% ���� 31 0 2
PlainsGold Thunder CL HWW 72.3 95% 59.6 31 0 1
Husker Genetics McGill HRW 71.4 94% ���� 35 1 1
WestBred Monsanto WB-Cedar HRW 64.4 ��� 57.9 30 -4 1

Average 76.3 59.3 32 2

aVarieties ranked according to average 3-year yield at Fort Collins.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�
cLodging scores based on 2011 trial data.
d/RGJLQJ�VFDOH��� QR�ORGJLQJ��� VHYHUH�ORGJLQJ�

3-Year Average

Summary of 3-Year (2011-2013) Irrigated Variety 
Performance Results at Fort Collins
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Summary of 3-Year (2011-2013) Irrigated Variety Performance 
Results at Haxtun

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height Lodging

bu/ac
% trial 
average

lb/bu in scale (1-9)c

AgriPro Syngenta SY Wolf HRW 125.2 104% 60.7 36 3
PlainsGold Denali HRW ����� 103% 61.1 39 4
PlainsGold Brawl CL Plus HRW ����� 103% 62.3 �� 2
WestBred Monsanto WB-Cedar HRW 124.7 103% 60.9 34 2
WestBred Monsanto Armour HRW 124.4 103% 61.2 34 2
PlainsGold Byrd HRW ����� 102% 61.6 39 4
Husker Genetics Settler CL HRW 122.2 101% ���� �� 3
PlainsGold Bond CL HRW 120.9 100% 59.6 39 3
CO State Univ. Yuma HRW ����� 100% 61.4 39 3
AgriPro Syngenta SY Gold HRW 120.2 100% 61.1 37 2
Husker Genetics McGill HRW 117.7 97% 59.9 41 4
PlainsGold Thunder CL HWW 117.4 97% 61.6 36 3
CO State Univ. exp. CO05W111 HWW 117.1 97% 60.3 40 3
PlainsGold Hatcher HRW 114.4 95% 61.1 �� 5
Husker Genetics Robidoux HRW 113.9 94% 61.1 39 4

Average 120.7 61.0 38 3

aVarieties ranked according to average 3-year yield at Haxtun.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�
c/RGJLQJ�VFDOH��� QR�ORGJLQJ��� VHYHUH�ORGJLQJ���6FRUHV�DUH�EDVHG�RQ�����������GDWD�

Summary of 3-Year (2011-2013) Irrigated Variety 
Performance Results at Haxtun

3-Year Average
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Summary of 2-Year (2011-2012) Irrigated Variety Performance 
Results at Rocky Ford

Brand/Source Varietya

Market 

Classb Yield Yield
Test 

Weight
Plant 

Height Lodgingc

bu/ac
% trial 
average

lb/bu in scale (1-9)d

PlainsGold Byrd HRW 117.2 112% 60.7 37 4
Husker Genetics Robidoux HRW 113.4 109% 61.7 �� 3
Husker Genetics Settler CL HRW 113.0 ���� 59.4 37 3
PlainsGold Ripper HRW 112.3 ���� 59.1 35 2
PlainsGold Bond CL HRW 110.6 106% ���� �� 2
PlainsGold Denali HRW 110.1 106% ���� �� 3
WestBred Monsanto Armour HRW 105.4 101% 61.3 32 1
Oklahoma Genetics Billings HRW 104.9 101% 60.5 35 1
WestBred Monsanto WB-Cedar HRW 102.3 ��� 61.0 30 1
Husker Genetics McGill HRW 102.2 ��� 60.4 42 4
PlainsGold Thunder CL HWW 101.2 97% 61.3 36 2
PlainsGold Hatcher HRW 99.9 96% 60.1 37 4
PlainsGold Brawl CL Plus HRW ���� 95% 60.1 35 1
AgriPro Syngenta SY Wolf HRW 94.9 91% ���� 36 3
CO State Univ. Yuma HRW 92.7 ��� ���� 36 2
AgriPro Syngenta SY Gold HRW ���� ��� 59.5 37 2

Average 104.2 60.0 36 2

aVarieties ranked according to average 2-year yield at Rocky Ford.
b0DUNHW�FODVV��+5: KDUG�UHG�ZLQWHU�ZKHDW��HWW KDUG�ZKLWH�ZLQWHU�ZKHDW�
cLodging scores based on 2011 trial data.
d/RGJLQJ�VFDOH��� QR�ORGJLQJ��� VHYHUH�ORGJLQJ�

Summary of 2-Year (2011-2012) Irrigated Variety 
Performance Results at Rocky Ford

2-Year Average
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Winter Wheat Variety Selection in Colorado for Fall 2013 Planting

Our variety performance summary tables are intended to provide useful information to farmers, 
seed producers, and wheat industry representatives in Colorado and surrounding states. Variety 
selection and planting should be based on some general guidelines. 

x� Producers should focus on multi-year and multi-location yield summary results when 
selecting a new variety. Over time, the best buffer against making poor variety decisions 
has been to select varieties based on three-year average performance and not on 
performance in a single year – and especially not on performance at a single location in a 
single year. 

x� Producers should strongly consider planting more than one variety in order to minimize 
production risks from variable weather conditions and unexpected pest outbreaks. Recent 
surveys have indicated that many wheat producers in eastern Colorado do typically plant 
more than one variety.  

x� Producers should pay attention to other “non-yield” characteristics in making their variety 
selection decisions, including ratings for maturity, plant height, coleoptile length, disease 
and insect resistance, and end-use quality characteristics. These “non-yield” traits are 
useful to spread production risks due to the unpredictability of weather conditions and pest 
problems. Refer to the Description of Winter Wheat Varieties in Eastern Colorado Trials 
IRU�YDULHW\�VSHFL¿F�LQIRUPDWLRQ�IRU�WKHVH�DQG�RWKHU�WUDLWV (pages 29-33).

x� Producers should control volunteer wheat and weeds to avoid the negative effects of a 
green bridge that could lead to serious virus disease infections vectored by the wheat 
curl mite (wheat streak mosaic virus, High Plains virus, Triticum mosaic virus) or aphids 
(barley yellow dwarf virus).

x� Producers should soil sample to determine optimum fertilizer application rates. Sampling 
should be done prior to planting so nitrogen and phosphorus fertilizer requirements can be 
met. The CSU Extension factsheet entitled Fertilizing Winter Wheat is available online at 
KWWS���WLQ\XUO�FRP�F��X�[��IRU�DVVLVWDQFH�ZLWK�ZKHDW�IHUWLOL]DWLRQ�

x� 3URGXFHUV�VKRXOG�FRQVLGHU�PRQLWRULQJ�VHHG�VL]H�LQ�RUGHU�WR�DGMXVW�SODQWLQJ�UDWHV�IRU�
abnormally large or small seed size. Varieties and different seed-lots can vary widely 
and planting small-seeded or large-seeded varieties can result in plant populations much 
different than desired. Refer to the How to Calibrate Your Drill guide for information 
RQ�WKH�LPSRUWDQFH�RI�VHHG�VL]H�DQG�WLSV�RQ�KRZ�SODQWHU�DGMXVWPHQWV�FDQ�EH�HDVLO\�PDGH. 
�$YDLODEOH�DW��KWWS���WLQ\�FF��S�NJ[�

x� Producers should be aware that new races of stripe rust emerged in 2010 and again in 2012 
and many varieties that were resistant before are now susceptible. Farmers should refer to 
the Description of Winter Wheat Varieties in Eastern Colorado Trials (pages 29-33) for 
updated information on variety susceptibility. If variety resistance/susceptibility, market 
prices, expected yield levels, and fungicide and application costs warrant an application, 
farmers should consult the North Central Regional Committee on Management of Small 
Grain Diseases �1&(5$������IXQJLFLGH�HI¿FDF\�FKDUW���5HJXODU�XSGDWHV�WR�WKLV�FKDUW�
can be found on the CSU Wheat Breeding Program “Wheat Links” page (KWWS���ZKHDW�
colostate.edu/links.html). 
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Variety Selection For Dryland Production Conditions 

Many new varieties possessing multiple valuable traits and high dryland or irrigated yields are 
FXUUHQWO\�DYDLODEOH��7KH�¿UVW�VL[�YDULHWLHV�DUH�GHVFULEHG�LQ�JUHDWHU�GHWDLO�EHORZ��UDQNHG�EDVHG�RQ�
their three-year average yield performance. Snowmass and Brawl CL Plus are also highlighted 
EHFDXVH�RI�VSHFL¿F�WUDLWV�WKH\�SRVVHVV�

Byrd – A medium-maturing, medium-height hard red winter (HRW) wheat, marketed by 
PlainsGold. Byrd was the top-yielding variety across locations in the UVPT in 2010, 2011, and 
2012 and second to Antero in 2013. In addition to being the top-yielding variety in the 2012 and 
2013 three-year averages and the top yielder in the 2012 and 2013 COFT, Byrd has excellent 
drought stress tolerance and excellent milling and baking qualities. It has average test weight and 
an intermediate reaction to stripe rust. Byrd has relatively small kernels, similar to Bill Brown, 
VR�VHHG�VL]H�VKRXOG�EH�PRQLWRUHG�VR�WKDW�SODQWLQJ�UDWHV�FDQ�EH�DGMXVWHG�WR�DYRLG�H[FHVVLYH�SODQW�
populations. 

Antero – A new hard white wheat (HWW), released in 2012, marketed by PlainsGold. Has 
shown three-year average dryland yield in the UVPT essentially equivalent to Byrd. It has good 
drought stress tolerance, good test weight, good stripe rust resistance, and moderate sprouting 
tolerance (similar to Hatcher). For the 2014 crop, a grower premium will not be offered by 
ConAgra Mills for Antero grown in Colorado.  

TAM 112 – An early-maturing HRW with good dryland adaptation, marketed by Watley Seed. 
TAM 112 has excellent wheat streak mosaic virus tolerance, high test weight and good baking 
quality. It is very susceptible to stripe rust. It has done very well in recent years whenever 
drought stress has been an important factor in trial results, as in 2012 and 2013. 

Ripper – An early-maturing HRW variety, marketed by PlainsGold. Ripper is high yielding, very 
drought stress tolerant, and has good baking quality. It has relatively lower test weight, and is 
very susceptible to stripe rust. Ripper has shown extremely stable yields, being in the top four of 
the three-year dryland yield averages every year from 2005 to 2013.

Denali  – A medium-late maturing HRW variety, marketed by PlainsGold for production in 
Colorado and in Kansas through the Kansas Wheat Alliance. It has “photoperiod sensitivity” 
which caused excessive late heading in 2012. It is medium-tall, has excellent test weight and 
average milling and baking quality, and is moderately susceptible to the new races of stripe rust. 

Settler CL – A later maturing HRW single-gene &OHDU¿HOG®  winter wheat, marketed by Husker 
Genetics. It has medium height, good test weight, good milling and baking quality, and is 
moderately susceptible to the new races of stripe rust. Very strong combined dryland and 
irrigated performance in CSU variety trials. 

Brawl CL Plus – A two-gene HRW &OHDU¿HOG® variety, marketed by PlainsGold. In combination 
with methylated seed oil (MSO), control of feral rye with Beyond herbicide is much improved 
relative to control achieved with single-gene &OHDU¿HOG wheat varieties. Brawl CL Plus has 



 27

early maturity, medium height, excellent test weight, an intermediate reaction to stripe rust, and 
excellent milling and baking quality. Brawl CL Plus has shown excellent yield in 2012 and 2013 
in dryland variety trials and the COFT, though its long term average is equivalent to Hatcher. 

Snowmass – A hard white wheat (HWW) variety, marketed by PlainsGold through the CWRF 
ConAgra Mills Ultragrain Premium Program. Snowmass has a very strong and unique quality 
SUR¿OH��PDNLQJ�LW�H[WUHPHO\�YDOXDEOH�LQ�ZKROH�JUDLQ�ÀRXU�DSSOLFDWLRQV��,W�LV�PHGLXP�PDWXULQJ��
has good test weight, and is a taller semi-dwarf which provides additional crop residue. It has 
excellent resistance to wheat streak mosaic virus, moderate sprouting tolerance (similar to 
Hatcher), and moderate susceptibility to the new races of stripe rust. It has shown lower yields in 
2012 and 2013 dryland variety trials and the COFT, though its long term average is equivalent to 
Hatcher.

Variety Selection For Irrigated Production Conditions  
at Haxtun, Rocky Ford, and Fort Collins

The most important variety selection criteria for irrigated varieties are yield, straw strength, and 
stripe rust resistance. Under limited-irrigation conditions, drought stress tolerance can also be 
LPSRUWDQW��7KH�WRS�¿YH�\LHOGLQJ�YDULHWLHV�DW�HDFK�WULDO�ORFDWLRQ�EDVHG�RQ�D�WKUHH�\HDU�DYHUDJH�DUH�
emphasized below.

Haxtun

SY Wolf – A medium-maturing HRW, marketed by AgriPro Syngenta. It has a very broad disease 
resistance package, with good protection for leaf spotting diseases (tan spot and septoria), leaf 
rust, and stripe rust. Good straw strength and milling and baking quality. 

Brawl CL Plus – See dryland description above. It has above average straw strength and an 
intermediate reaction to stripe rust. 

Denali – See dryland description above. It has average straw strength and an intermediate 
reaction to stripe rust.

WB-Cedar – An early-maturing HRW, marked by WestBred Monsanto. It has good leaf and 
stripe rust resistance and excellent straw strength for high-input irrigated conditions. Does not 
perform well under limited-irrigation situations. 

Armour – An early-maturing HRW, marked by WestBred Monsanto. It has good straw strength, 
good leaf rust resistance, and an intermediate reaction to stripe rust. Has shown lower test weight 
in dryland trials, but this is not an issue under irrigation. 

Rocky Ford 
(based on 2010, 2011, 2012 Three-Year Average)

Byrd – See dryland description above. Straw strength is only average for high-input irrigated 
conditions, though it has performed extremely well under limited-irrigation due to its drought 
stress tolerance. Intermediate reaction to stripe rust. Byrd is also susceptible to many North 



���

American races of stem rust, which would be more of a risk with later-maturing irrigated wheat. 

Settler CL – See dryland description above. It has good straw strength and is moderately 
susceptible to new races of stripe rust. 

Ripper – See dryland description above. It has good straw strength and is very susceptible to 
stripe rust. Has shown lower test weight in dryland trials, but this is not an issue under irrigation.

Bond CL – A medium maturing HRW single-gene &OHDU¿HOG® variety, marketed by PlainsGold. 
Is medium-tall with average straw strength. Very susceptible to stripe rust. Has shown lower test 
weight in dryland trials, but this is not an issue under irrigation.

Denali – See dryland description above. It is medium-tall, has average straw strength, and is 
moderately susceptible to stripe rust.

Fort Collins

Byrd – See descriptions above. 

Robidoux – A medium-height, medium-maturing HRW variety, marketed by Husker Genetics. It 
has excellent test weight, average straw strength, and moderate resistance to stripe rust.

Settler CL – See descriptions above. 

Hatcher – A medium-height, medium-maturing HRW variety, marketed by PlainsGold. 
Historical yield record under irrigation has shown that its lower straw strength is a risk for high-
input irrigated conditions but its drought stress tolerance favors its performance under limited-
irrigation. Moderate resistance to stripe rust. 

SY Gold – A medium-maturing HRW, marketed by AgriPro Syngenta. Good test weight, average 
straw strength, and is susceptible to new races of stripe rust (similar resistance as Jagger and 
Jagalene). 
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CSU Wheat Breeding and Genetics Program Update 
Scott Haley, CSU Wheat Breeder 

June 2014 

Introduction 

The primary goal of the CSU Wheat Breeding and Genetics Program is to develop and release 
improved wheat cultivars and germplasm adapted for the diverse production conditions in Colorado 
and the High Plains region. Over 50 years of continuous activity at CSU we have developed a 
germplasm base uniquely adapted for the High Plains region and have released many new cultivars 
to address production and marketing constraints facing Colorado's wheat producers. We are fortunate 
to receive generous funding support from CSU (Colorado Ag Experiment Station) and from the 
Colorado wheat industry through the Colorado Wheat Administrative Committee (CWAC) and the 
Colorado Wheat Research Foundation (CWRF). The following descriptions of our program's activities 
summarize some of our main areas of focus over the last year. 

Breeding Program Core 

The primary goals of the CSU Wheat Breeding and Genetics Program are to: a) develop improved 
hard red (HRW) and hard white (HWW) winter wheat cultivars and germplasm adapted for the diverse 
production conditions in Colorado and the west-central Great Plains, and b) conduct research to 
improve understanding of genetic and environmental factors that affect wheat yield and end-use 
quality. Our program is staffed by extremely dedicated and experienced researchers and overall we 
have the necessary funding, facilities, and equipment to ensure success.  

• In summer 2013, we harvested breeding trials at eight locations in eastern Colorado (Akron, 
Burlington, Dailey, Fort Collins, Julesburg, Lamar, Orchard, Yuma). While yields were generally 
very low, adequate data were available to inform selection decisions in the breeding program. Due 
to emergence problems from the drought, severe drought after emergence, or spring freeze injury, 
we abandoned breeding trials at Arapahoe, Genoa, Roggen, Sheridan Lake, and Walsh.  

• No lines were on Foundation Seed increase in 2013 and no new cultivars were released in fall 
2013. Three HRW and two HWW lines were on Breeder Seed increase in 2013, yet all but one of 
these was discarded from further consideration. The one line retained, a HWW designated as 
CO09W293, carries the glutenin trait that is present in Snowmass. Foundation Seed is currently 
being produced in Yuma AZ to enable release of CO09W293 in fall 2014. In two years of testing in 
the CSU Elite Trial (18 locations), dryland grain yield of CO09W293 was 102% of trial average, 
compared to 109% for Byrd, 103% for Brawl CL Plus, 101% for Antero, 97% for Hatcher, 92% for 
Thunder CL, and 88% for Snowmass. CO09W293 has average test weight and straw strength, and 
is moderately susceptible to stripe rust and susceptible to leaf rust.  

• CWRF royalty funds and our partnership with ConAgra Mills are providing for a significant 
expansion of experimental HRW and HWW line development through the use of doubled haploid 
(DH) breeding technology. Since 2010, we have utilized the DH capacity at Heartland Plant 
Innovations (HPI) and Washington State University (WSU). In 2012, we began to develop our own 
DH laboratory capacity at CSU and funding secured from CWAC and various internal CSU sources 
was recently used to renovate a lab in the CSU greenhouse for DH production.  

• We continue to utilize a wide variety of diverse germplasm sources in our crossing program, 
including elite materials from other regional programs, new sources of leaf and stripe rust 
resistance, solid-stem varieties from Montana State for wheat stem sawfly resistance, winter wheat 
lines introduced from Turkey and other areas of eastern Europe, and germplasm carrying various 
novel traits from our program and other programs.  
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Genomic Selection 

The objective of this program is to implement "genomic selection" (GS) in the CSU Wheat Breeding 
Program. Genomic selection takes advantage of next-generation DNA sequencing technologies and 
statistical models to predict the trait potential of breeding lines prior to, or as a complement to, 
evaluation in the field or quality lab. If successful, the value of GS will be realized through shortening 
of the breeding cycle time, in conjunction with doubled haploid (DH) technology, and increased rates 
of genetic improvement over time for yield, quality, and other traits.  

• In 2012-13, we were successful in adopting techniques for dense, genome-wide marker analysis 
using "genotyping by sequencing" (GBS). Our use of GBS involves DNA sample preparation at 
CSU (using protocols from the Jesse Poland Lab, USDA-ARS), outsourcing of the DNA sequencing 
to the University of Missouri core facility, and processing/marker data extraction of the raw 
sequencing data by Jesse Poland or at CSU by Harish Manmathan.  

• In 2012-13, we carried out GBS on the set of 1,900 new lines mentioned above. In 2013-14, we are 
planning to conduct GBS on an additional set of 2,806 lines. Due to the increasing numbers of 
individuals we have genotyped, the number of marker datapoints per individual obtained via GBS 
has increased from 22,000 with our first run to over 45,000 with our last run. Thus, since we 
implemented GBS we have obtained a total of around 233 million marker datapoints.  

• Using 2006-2012 data on our GS training panel (n=2,368), and the GBS markers obtained on the 
panel, we have developed GS models for grain yield and test weight. Predictions obtained were 
used in selection of crossing parents for crossing in spring 2014. Cross-validation accuracies 
(correlation between observed and predicted trait values) are above r=0.60 for both traits.  

• We currently have three PhD graduate students focusing on different aspects of GS model 
development and implementation in the breeding program. Sue Latshaw is focusing on nitrogen use 
efficiency (through GS modeling of "grain protein deviation"), Jessica Cooper is focusing on GS 
modeling of end-use quality traits (including pre-harvest sprouting tolerance), and Craig Beil is 
focusing on GS- and GBS-facilitated exploitation of eastern European winter wheat germplasm for 
diversity enhancement and yield improvement.  

DNA Marker-Assisted Selection 

The objectives of this program are to apply DNA molecular marker-assisted selection (MAS) as a tool 
in selection for traits of interest in the breeding program. On a limited basis, we would hope to be able 
to identify and validate our own markers for new traits and also optimize marker-trait associations 
identified by other programs. 

• Beginning in 2012, we increased the number of preliminary lines that we develop and test in our 
program (1,013 in 2011, 1,815 in 2012, 1,903 in 2013). In 2013, we significantly expanded routine 
marker testing of these lines. Of the group of 1,903 preliminary lines tested in 2013, 1,710 had one 
or more marker assays done for key markers associated with various traits.  

• In 2013, we conducted marker analysis on a group of 1,780 DH lines that were under increase in 
Yuma AZ in 2013. Most of the DH lines in Yuma AZ were hard whites (HWW) developed through 
our partnership with ConAgra Mills. From this group, we tested 1,390 lines for one or more DNA 
markers. The marker data were also used to target certain lines for crossing purposes for further 
DH production.  

• We continued to utilize DNA markers for backcrossing various traits from different germplasm 
sources. Our efforts over the last year have focused on introgression of the following traits into 
various backgrounds: herbicide resistance, drought stress tolerance (TILLING mutants), high 
amylose (TILLING mutants), polyphenol oxidase, stem solidness (wheat stem sawfly), UG-99 stem 
rust resistance, and leaf and stripe rust resistance. 



 36

• We have succeeded in implementing a new rapid and inexpensive marker analysis platform known 
as KASP for screening for several target traits. We have implemented KASP assays for several 
traits of interest: herbicide resistance, high amylose, high grain protein content (GPC-B1), rye 
translocations, several disease resistance traits, and several quality-related traits.  

TILLING for Novel Trait Development 

Our objective is to develop and validate novel traits in wheat using advanced, functional genomics-
based techniques, such as TILLING or other technologies. TILLING (Targeted Induced Local Lesions 
In Genomes) has shown promise in wheat for novel trait development using mutation induction rather 
than transgenics (GM). Therefore, TILLING-derived traits are non-GM and may provide new and 
beneficial technologies for wheat. Our current trait emphases include drought stress tolerance, insect 
resistance, and human health related traits.  

• In 2013, we successfully integrated next-generation DNA sequencing with TILLING in a novel 
technique called "TILLING-by-Sequencing" (TBS). Mutations in all three genomes of nine different 
genes were identified using TBS. A total of 34 different plants carrying mutations were identified 
and nine of the most promising plants have been confirmed.  

• In 2012, we identified mutants on all three genomes for a gene related to Celiac disease in humans 
and a gene related to production of a chemical in the wheat plant that attracts the wheat stem 
sawfly. For both traits, materials are currently being developed to validate the function of the 
mutations to determine if they produce the desired traits.  

• Mutations identified in genes for high amylose (developed by UC-Davis) and drought stress 
tolerance (developed at CSU) continue to be transferred to elite wheat germplasm for trait 
validation. The high amylose traits were backcrossed to Snowmass and materials are currently in 
the field for validation. The drought tolerance traits were also backcrossed to Snowmass and 
doubled haploids are currently being generated for trait validation. 

Russian Wheat Aphid Resistance 

The objectives of this program are to incorporate Russian Wheat Aphid (RWA) resistance into our 
germplasm and ultimately develop improved varieties carrying RWA resistance. Due to much lower 
RWA incidence in recent years and inexpensive chemical control options, RWA resistance now 
occupies a somewhat lesser position among our program's breeding objectives. We will continue to 
address RWA resistance, however, as uncertainties exist with regard to the future importance of RWA 
in Colorado and the economics and availability of chemical control options. All of our RWA resistance 
effort is done in close collaboration with Frank Peairs and his team (BSPM Department).  

Selected activities, highlights, and accomplishments of our program are as follows:  

• Over the last few years we have developed and tested many experimental lines carrying RWA 
Biotype 2 resistance. None of the lines have been yield-competitive with our best varieties (Byrd 
HRW or Antero HWW) and thus none have been advanced toward larger scale seed increase. In 
order to move the "RWA yield curve" forward a bit more rapidly, we are generating a limited of 
number of doubled haploid (DH) lines from crosses with different sources of the Dn7 resistance 
gene. The first of these is a group of DHs that are planted in multi-locational trials in 2014.  

• In 2013, we conducted field trials of a group of near-isogenic lines derived from backcrossing a 
modified version of Dn7 into Bill Brown. This source of resistance has now been transferred to Byrd 
and Antero and resistant selections were planted in the field in fall 2013.  

• In addition to RWA, we are also pursuing wheat stem sawfly (WSS) resistance as a formal breeding 
objective. Terri Randolph from Frank Peairs' team helped to coordinate solid stem evaluations of 
materials growing at Fort Collins. Using conventional and DH methods, we hope to rapidly develop 
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semi-solid or solid-stemmed varieties that provide some protection against WSS and show better 
performance in Colorado than the Montana varieties.  

End-Use Quality Improvement 

The objectives of this program are to conduct end-use quality evaluations on experimental lines in our 
breeding program and those collected from the state dryland (UVPT) and irrigated (IVPT) variety 
trials. We are also engaged in several other research areas that are not focused directly on line 
selection but are complementary to the quality improvement efforts in the breeding program.  

Selected activities, highlights, and accomplishments of our program are as follows:  

• End-use quality evaluations are done annually on samples from a variety of different field trials and 
research studies. In 2012, 6,950 total samples went through our lab for one or more different tests. 
Our quality testing capacity is second to none in the Great Plains region, including the full spectrum 
of quality tests such as: NIR, single kernel characterization system (SKCS), Mixographs, 
polyphenol oxidase (PPO), and Quadrumat Senior milling and pup-loaf baking tests. Our overall 
strategy in breeding line evaluation is to properly characterize experimental lines in order to inform 
the line selection and seed increase decision-making processes.  

• Comprehensive milling and baking quality evaluations (as described above) are done annually on 
selected locations of the state dryland (UVPT) and irrigated (IVPT) variety trial program. Data from 
these evaluations are reported in the Making Better Decisions booklet and are also used to develop 
and update the milling and baking quality scores that are reported in the "Variety Characteristics 
Table" in the Making Better Decisions booklet.  

• From trials in 2012, we obtined NIR protein content from every plot of five locations of the CSU 
Elite Trial (750 total samples) and from every plot of our genomic selection training panel grown at 
Akron and Fort Collins (3,500 total samples). From trials in 2013, we are doing NIR protein on over 
1,800 samples from six locations of an advanced doubled haploid trial. Our objective is to begin to 
use "grain protein deviation" (protein content adjusted for grain yield) as a measure of nitrogen use 
efficiency (NUE) and eventually develop genomic selection (GS) prediction models for NUE 
selection in the breeding program.  

Scott Haley's Sabbatical Leave 

I recently returned from a six-month sabbatical leave in Europe. I spent the first three months 
(December 2013 – February 2014) in Bologna Italy at the University of Bologna and the second three 
months (March 2014 – May 2014) in Norwich England at the John Innes Centre. Sabbatical leave is a 
privilege extended to tenured faculty members at universities like CSU. This is the second sabbatical 
leave that I have taken in my 21 years as a wheat breeder, the first being to Australia eight years ago. 
With both of my sabbatical leave opportunities, I have tried to learn new things that I can bring back to 
CSU to help make our breeding program better. Sabbatical leave is also a time to "get away and 
refresh", meet new people, and see new things. While on sabbatical I had the opportunity to visit 
wheat breeding programs both in Italy and the UK (which have all been privatized) and give many 
presentations about our wheat breeding program at various scientific meetings and other settings.  

One of the main things I focused on during sabbatical is coming up to speed with new software for 
analysis of genomic and plant breeding data. The software is called "R" and it is a too-long story to 
describe all the amazing things that it can do. One of the different types of analyses I have been 
working on with R is trying to determine if we are making any progress in grain yield improvement in 
wheat breeding at CSU. There are several ways of doing this, and the approach that I used is one that 
I learned about in Australia several years ago and was exposed to again during my sabbatical. 

Essentially, the method allows one to combine an historical dataset over years and locations into one 
analysis. A perfect dataset for this is the variety trial data from the CSU Crops Testing Program 
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(coordinated by Dr. Jerry Johnson) which for many years has served the Colorado wheat industry by 
providing an unbiased source of information on variety performance in Colorado. Curiously, this type 
of analysis enables direct comparison of varieties that have never been in the same trial together. 
While such comparisons are possible, I personally don't believe they are that useful or informative. 
The main objective of this type of analysis is to explore the pattern of yield improvement over time.   

The varieties plotted in the graphs below include 104 wheat varieties released between 1973 and 
2014. All varieties were tested in the CSU Dryland Variety Trials (HMVT, LMVT, UVPT) for at least 
three years. Varieties were developed by the CSU Wheat Breeding Program, other public programs in 
the region (TX, OK, KS, NE), and private breeding companies marketing varieties in the region. The 
data represented on the vertical (Y) axis are "yield values" which are really in units of "bushels/acre", 
although the statistical methods "shrink" these values toward the mean (which is represented by the 
zero point on the vertical axis). For example, the 6 bushels/acre difference between Byrd (2011) and 
Baca (1973) shown in this graph is likely less than what we would observe under typical conditions.  

 

The graph on the left above shows all 104 varieties with the best trend-line ("regression") plotted 
between the data points. This slope of this graph is essentially zero, suggesting that virtually no 
genetic progress for grain yield has been made in wheat breeding for Colorado over the 40-year 
period from 1973 to 2013. The graph on the right above shows the trend-lines separated for the 
varieties from CSU and "Other" programs. While the slope of the trend-line for the "Other" programs 
appears to be negative, statistical analysis confirms that it is essentially zero, suggesting that virtually 
no genetic gain for grain yield in Colorado has been made by breeding programs based outside of 
Colorado. The slope of the trend-line for the CSU varieties, however, is positive and both significantly 
greater than zero and significantly greater than the slope of the "Other" breeding program line.  

The conclusion to be drawn from these analyses is obvious. The CSU Wheat Breeding Program, with 
a program based on an extensive field trial system within Colorado, has been the best-positioned 
program to develop varieties adapted for the difficult climatic conditions facing wheat producers in 
Colorado. The support of Colorado wheat producers over the past 50 years that we have been 
breeding wheat in Colorado has been key to this success.  
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Wheat Quality Evaluations from the 2013 
CSU Dryland and Irrigated Variety Trials 

John Stromberger, CSU Wheat Quality Lab Manager 
Scott Haley, CSU Wheat Breeder 

Jerry Johnson, CSU Extension Agronomist 

Introduction 

End-use quality maintenance and improvement is an important objective of virtually all wheat 
breeding programs. Grain buying and end-use industries have become increasingly sophisticated 
in both domestic and export markets and, while wheat producers are seldom rewarded for 
improved functional quality, technological advancements promise to increase the ability of the 
trade to identify and source good quality and discount poor quality.  

Breeding for wheat end-use quality is relatively complex in comparison to many common breeding 
objectives. Quality is a function of variety interacting with climate and agronomic practices and 
Colorado's harsh and variable climatic conditions often negatively impact quality. Quality 
assessment is commonly done through evaluation of multiple traits with many underlying genetic 
factor involved in expression of each. Most experimental quality tests only approximate average 
quality needs of product manufacturers and don't exactly match specific requirements of different 
wheat product types and processes. For hard winter wheat, high grain protein content is an 
important criterion for improved quality but is often associated with lower yields (and vice versa). 
Finally, wheat quality testing must accommodate the reality of large sample numbers and small 
sample sizes that are typical of all wheat breeding programs. Despite these challenges, standard 
testing methodologies have been developed that are consistent, repeatable, and can be done on 
large numbers of relatively small samples. These analyses provide reliable assessments of 
functional quality characteristics for a broad array of potential product types and processes.   

Our objective with providing quality data and summaries for entries in the Colorado variety trials is 
to fully characterize the quality of public and private trial entries that are currently or have the 
potential to be marketed in Colorado. We hope that these data and ratings will be included among 
the criteria by which wheat producers make their variety selection decisions. At the very least, we 
encourage producers to carefully consider avoiding varieties that have lower wheat quality when 
other agronomically acceptable varieties with better quality are available.  

Testing Methodology 

In 2013, grain samples were collected from five dryland (UVPT) variety trial locations (Akron, 
Julesburg, Orchard, Roggen, Yuma) and two irrigated (IVPT) variety trial locations (Fort Collins, 
Haxtun). Preliminary small-scale quality analyses were carried out to determine sample suitability 
for full-scale analyses, with criteria including grain protein not too far below or above 12% grain 
protein content, sound grain free of visual defects, and good discrimination among samples at a 
given location for experimental dough mixing properties. In this process of sample selection, four of 
the dryland locations (Akron, Julesburg, Roggen, Yuma) were excluded from analyses beyond 
protein content with the primary problem being elevated protein values far above the level 
conductive for meaningful dough mixing and baking quality evaluations.  

Using standard protocols, analyses were done in the CSU Wheat Quality Laboratory on samples 
from the remaining locations. These tests, reported in the attached tables, include the following: 

Milling-Related Traits 

• Test weight: obtained by standard methodology on a cleaned sample of the harvested grain.  

• Grain protein and ash content: obtained by prediction using whole-grain near-infrared 
reflectance spectroscopy (NIRs) with a Foss NIRSystems 6500. Both grain protein and ash 
are reported on a standard 12% moisture basis. High grain protein content is associated with 
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higher water absorption of flours and higher loaf volumes in the bakery. Grain ash represents 
the remaining weight of a grain sample following incineration in a high-temperature oven. 
Millers prefer low wheat ash (values < 1.6%), as this tends to result in low-ash flour following 
milling and products with improved color properties.   

• Single kernel characterization system (SKCS): the Perten SKCS 4100 provides data on 
kernel weight and hardness of a grain sample. From 100-300 kernels are analyzed to provide 
an average and a measure of variability (standard deviation, STD) for each trait. Millers prefer 
a uniform sample with heavier (>30 grams/1000 kernels) kernels for improved milling 
performance. Hardness should be representative of the hard winter wheat class (60-80 
hardness units).  

• Flour yield: obtained using a modified Brabender Quadrumat Milling System. Flour yield 
represents the percentage of straight grade flour obtained from milling a grain sample 
(approximately one pound). In general, millers prefer high flour extraction percentage with low 
flour ash values. Due to variation among different milling systems, valid comparison of values 
from different mills and establishment of a single target value is not possible. 

Baking-Related Traits 

• Mixograph mixing time and tolerance: obtained using a National Manufacturing Computerized 
Mixograph. The Mixograph measures the resistance of dough during the mixing process. 
Bakers generally prefer flours with moderate mixing time requirements (between 3 and 6 
minutes) and good tolerance to breakdown of the dough with overmixing (subjective score >3). 
Some varieties with exceptionally long mixing times (i.e., Snowmass, Thunder CL) may not 
compare favorably with other varieties in conventional evaluations but have unique 
characteristics that merit handling in an identity-preserved program such as with the CWRF 
ConAgra Mills Ultragrain® Premium Program.  

• Pup loaf bake test: using a 100-gram straight-dough test, data on bake water absorption, 
mixing time, loaf volume, and crumb characteristics are obtained. In general, bakers prefer 
higher water absorption (> 62%), high loaf volume (> 850 cubic centimeters), and a higher 
crumb grain score and crumb grain color (score > 3). The crumb grain and color scores are 
subjective assessments of the color and size, shape, and structure of the small holes in a 
slice of bread.  

Composite Scores 

Because none of the traits measured can be used alone to represent overall milling or baking 
quality, development of a composite score may be used as a means to differentiate and 
characterize quality of different samples. The development of a composite score also has the 
advantage of "smoothing" out differences in environmental conditions from year to year and 
utilizing all of the data generated on the samples from year to year.  

Composite scores are generated through a two-step process. First, each trait is ranked from high 
to low (or "good" to "bad") at individual locations and a score from 1=good to 9=bad is assigned to 
each variety for each trait. Second, these individual-trait scores are used to generate a composite 
score that weights the trait scores by the relative importance of that trait to overall milling or baking 
quality. The weights that we have used are similar to those developed by the USDA-ARS Hard 
Winter Wheat Quality Laboratory for the Wheat Quality Council evaluations. These weights are as 
follows: 

Milling – test weight 30%, grain protein content 10%, kernel weight 20%, grain hardness 
10%, flour yield 20%, grain ash content 10% (100% total) 

Baking – bake absorption 20%, Mixograph mixing time 20%, Mixograph tolerance 20%, loaf 
volume 20%, crumb color 10%, crumb grain 10% (100% total) 
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2013 Dryland and Irrigated Trial Protein Yield Results
The table below and the tables on the following page are included to present the grain protein 
results in a way that combines both the grain yield and the protein content percentage into a 
single measurement (protein yield in lb/ac).  A high protein yield value can be due to either a 
high grain yield or a high percentage of protein in the grain.  The Haxtun irrigated site had the 
highest protein yield (lb/ac), but the lowest protein content among the four locations.  It may 
have had a lower protein content partially becuase of inadequate fertilizer for the high yield level 
that was achieved at the site.  At Fort Collins, the high protien content shows that it had adequate 
fertilizer for the yield level acheived.  The high yields at Haxtun and Fort Collins account for the 
higher protein yield, but we are mainly interested in protein yield for the varieties within each 
location or within a set of locations as presented on the next page.

Location Yielda Protein Protein Yieldb

bu/ac percent lb/ac
Haxtun Irrigated 120.1 12.5 ���
Fort Collins Irrigated ���� 15.0 642
Julesburg Dryland 36.5 14.2 310
Orchard Dryland 32.4 13.1 252
Average 65.2 13.7 525

Summary of 2013 Protein Yield
Results Across Four Locations

aYields are averaged across all varieties in each of the four 
locations.
bProtein yield is calculated by multiplying the grain yield 
by the percent protein.
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Varietya Yieldb Protein Protein Yieldc Varietya Yieldb Protein Protein Yieldc

bu/ac percent lb/ac bu/ac percent lb/ac
SY Wolf 42.1 13.3 338 Brawl CL Plus 104.3 14.4 895
Antero 41.2 13.4 334 Byrd 108.9 13.2 857
Oakley CL ���� 14.0 325 Settler CL 103.3 13.5 833
Clara CL 39.4 13.6 319 TAM 304 103.4 13.6 826
CO07W722-F5 ���� ���� 316 Bond CL 104.7 13.0 ���
Ripper 39.8 13.0 314 Antero 106.1 13.1 ���
Bill Brown 39.1 13.0 308 Iba ���� ���� 794
Winterhawk 37.4 13.5 304 Denali 88.6 15.0 ���
Robidoux ���� 13.1 302 WB-Cedar 103.0 12.9 773
Byrd ���� 12.9 301 7��� 99.4 13.6 773
Denali ���� 13.5 ��� Freeman 87.8 14.7 763
Brawl CL Plus 34.2 14.3 293 Hatcher 93.4 13.7 762
WB-Grainfield 36.4 13.3 293 CO07W722-F5 96.7 13.7 755
McGill 36.1 13.4 292 Armour 95.1 ���� 751
TAM 111 33.1 14.5 ��� 1,����� 86.0 14.8 751
Settler CL 33.6 14.2 ��� LCS Wizard 97.0 13.2 750
LCS Mint 34.6 13.5 ��� Thunder CL 94.7 13.3 ���
Bond CL 32.7 14.2 ��� Yuma 91.6 13.9 744
Hatcher 34.0 13.5 274 T153 ���� 13.2 743
LCS Wizard 31.5 14.5 273 NE05496 86.1 14.4 740
T163 34.9 13.0 273 Robidoux ���� 13.1 738
NE05496 ���� 13.0 272 SY Gold ���� 14.0 716
Above 31.7 14.3 270 McGill 92.0 12.9 690
T153 31.5 14.2 270 SY Wolf 83.3 14.4 660
1,����� 33.2 13.4 270 Average 96.0 13.7 769
T154 31.9 14.0 270 LSD (P<0.30)d ��
Bearpaw ���� 14.3 265 aVarieties ranked in descending order based on protein yield.
TAM 112 31.5 13.9 264
���� 31.3 14.0 263
7��� 32.7 13.2 ���
Freeman ���� 13.5 250
Protection 29.8 13.9 249
Snowmass 29.3 13.6 239
Gallagher 30.7 13.0 238
Iba 30.6 12.9 237
TAM 113 27.5 13.5 222
Average 34.4 13.6 ���
LSD (P<0.30)d 32
aVarieties ranked in descending order based on protein yield.

dIf the difference between two variety protein yields equals 
or exceed the LSD value, there is a 70% chance the 
difference is statistically significant.

cProtein yield is calculated by multiplying the grain yield by 
the percent protein to get pounds of protein per acre.

Summary of 2013 Irrigated
Variety Protein Yield Results at Two Locations 

(Fort Collins & Haxtun)

bYields are from a single plot in each of the two locations.

Summary of 2013 Dryland
Variety Protein Yield Results at Two Locations 

(Julesburg & Orchard)

bYields are from a single plot in each of the two locations.
cProtein yield is calculated by multiplying the grain yield by 
the percent protein to get pounds of protein per acre.

The top five values (except protein yield where values are 
separated by an LSD) for each variable are in bold, the 
bottom five are in italics.

The top five values (except protein yield where values are 
separated by an LSD) for each variable are in bold, the 
bottom five are in italics.
dIf the difference between two variety protein yields equals 
or exceed the LSD value, there is a 70% chance the 
difference is statistically significant.
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Drought Stress Adaptation in Winter Wheat 
through Soil Microbial Interactions and Root Architecture

Patrick Byrne, Mary Stromberger, and Tiffany Weir

Plants cope with drought and other abiotic stresses by a variety of mechanisms that occur above 
and below ground. Below the soil surface, root length, density, and architecture may contribute 
to differences in drought tolerance. Recent studies have also revealed complex interactions with 
root-associated microbial communities that are correlated with tolerance to moisture stress. An 
important group of soil bacteria involved in plant abiotic stress tolerance is the ACC deaminase 
SRVLWLYH��$&&���EDFWHULD��7KHVH�EDFWHULD�EUHDN�GRZQ�WKH�SUHFXUVRU�RI�HWK\OHQH��D�VWUHVV�
hormone) through the action of their ACC deaminase enzyme. Studies in some plant species have 
shown that this results in greater root elongation and tolerance to water stress. We have initiated 
an interdisciplinary collaboration to investigate whether Great Plains winter wheat cultivars 
differ in their root characteristics and their ability to recruit bacteria that improve their drought 
tolerance. 

Our preliminary data demonstrate that winter wheat cultivars differ in root length, biomass, and 
GLVWULEXWLRQ��ZKHQ�JURZQ�LQ���P�E\����FP�SODVWLF�WXEHV�LQ�D�JUHHQKRXVH��&XOWLYDUV�FODVVL¿HG�DV�
drought tolerant had greater lengths of small-diameter roots (which are more effective at water 
DEVRUSWLRQ��WKURXJKRXW�WKH�VRLO�SUR¿OH�FRPSDUHG�WR�WKH�GURXJKW�VHQVLWLYH�JURXS��6RPH�FXOWLYDUV�
also showed evidence of greater proportions of their root systems allocated to deeper sections of 
WKH�SUR¿OH��

In a separate root tube 
study, seven wheat 
cultivars were grown 
with and without 
LQRFXODWLRQ�ZLWK�$&&��
bacteria, under well-
watered and drought 
stressed conditions. In 
the drought stressed 
treatment, the relative 
water content of leaves 
from the inoculated 
tubes was greater than 
in leaves from the 
non-inoculated tubes 
(Fig. 1), indicating that 
inoculated plants were 
better able to acquire 
or conserve water.

Figure 1. Leaf relative water content in water-stressed wheat cultivars inoculated 
ZLWK�VWHULOH�ZDWHU�RU�ZLWK�$&&��EDFWHULD��Q ����7KH�PDLQ�HIIHFW�RI�LQRFXODWLRQ�ZDV�
VLJQL¿FDQW��P ������
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To determine whether wheat cultivars differ in the chemicals secreted by their roots, root 
exudates of cultivars RonL and Ripper were collected under limited hydroponic growth 
conditions and fractionated with polar, non-polar, and aqueous solvents. We discovered that the 
SRODU��HWK\O�DFHWDWH��IUDFWLRQ�RI�5RQ/�KDG�D�GLIIHUHQW�FKHPLFDO�SUR¿OH�WKDQ�WKDW�RI�5LSSHU��)LJ��
����:KHQ�DGGHG�WR�SODQW�IUHH�VRLO��WKLV�H[XGDWH�IUDFWLRQ�RI�5RQ/�EXW�QRW�5LSSHU�VLJQL¿FDQWO\�
LQFUHDVHG�WKH�UHODWLYH�DEXQGDQFH�RI�$&&��EDFWHULD��)LJ������7KHVH�UHVXOWV�VXSSRUW�RXU�K\SRWKHVLV�
WKDW�URRW�H[XGDWLRQ�LQ�GLIIHUHQW�ZLQWHU�ZKHDW�FXOWLYDUV�PD\�LQÀXHQFH�WKH�SRSXODWLRQ�RI�$&&��
EDFWHULD�LQ�WKH�UKL]RVSKHUH��SRWHQWLDOO\�LPSURYLQJ�SODQW�¿WQHVV�DQG�SURGXFWLYLW\�XQGHU�FRQGLWLRQV�
of drought stress.

Future studies will investigate the 
rhizosphere bacterial composition 
of 20 wheat cultivars in relation 
to yield performance and root 
traits under a range of moisture 
FRQGLWLRQV�LQ�¿HOG�WULDOV��:H�ZLOO�
also examine in more detail the 
VSHFL¿F�FKHPLFDO�GLIIHUHQFHV�
in root exudates of different 
cultivars. If successful, these 
results may lead to breeding 
strategies that select plants for 
the most effective root exudate 
patterns.

Research reported here was 
partially funded by the CSU 
Water Center (KWWS���ZDWHUFHQWHU�
colostate.edu/) and by a grant 
from USDA-NIFA-AFRI.

Figure 2. High Performance Liquid Chromatography data of root 
exudates of cultivars Ripper and RonL, showing quantitative and 
TXDOLWDWLYH�GLIIHUHQFHV�LQ�WKHLU�FKHPLFDO�SUR¿OHV��LQGLFDWHG�E\�EODFN�
arrows) in 3-week old plants. The chromatogram is from the ethyl acetate 
extraction of pooled crude exudates from approximately 10 plants of 
each cultivar.

Figure 3. 7KH�SHUFHQWDJH�RI�$&&��EDFWHULD��UHODWLYH�WR�WRWDO�FXOWXUDEOH�
bacteria) in a Colorado soil following amendment with sterile water 
�FRQWURO���VWHULOH�+RDJODQG�VROXWLRQ��ZDWHU���QXWULHQWV���HWK\O�DFHWDWH�
fraction of Ripper root exudates (Ripper, EA), and ethyl acetate fraction 
of RonL root exudates (RonL, EA).

http://watercenter.colostate.edu/
http://watercenter.colostate.edu/
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Introduction

The wheat stem sawfly is a native grass-
feeding insect that has long been a threat 
to spring wheat production in the northern 
plains. In the early 1980s, however, it emerged 
as a significant pest of winter wheat as well. 
Since then, sawfly infestations in winter 
wheat have spread from North Dakota and 
Montana into southeastern Wyoming, the 
Nebraska Panhandle, and, most recently, 
northeastern Colorado. Damage to winter 
wheat was first reported in Colorado in 2010, 
from areas along Colorado Highway 14 in 
Weld County.

,GHQWLÀFDWLRQ�/LIH�&\FOH
The wheat stem sawfly produces one 

generation per year. Adults emerge in late 
May or early June and are generally active 
when winds are calm and field temperatures 
are above 50° F. The adult wheat stem 
sawfly (Figure 1) is about ¾ of an inch long 
with smoky-brown wings. It is wasplike in 
appearance, with a shiny black body with 
three yellow bands around the abdomen. 
When not in flight they often are found 

4XLFN�)DFWV
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WKDW�HPHUJHG�DV�D�VLJQLÀFDQW�
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��Adults emerge in late May or 
early June and are generally 
active when winds are calm 
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��Several parasitic wasps attack 
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*B.Irell, student, department of electrical and computer 
engineering, Colorado State University; F. Peairs, 
professor and Extension entomologist, department of 
bioagricultural sciences and pest management, Colorado 
State University. 8/2011

:KHDW�6WHP�6DZÁ\��
$�1HZ�3HVW�RI�&RORUDGR�:KHDW

on wheat stems, positioned with the head 
pointed downward.

Females lay eggs immediately upon 
emergence and typically live about one 
week. The adult emergence and flight period 
continues for 3-6 weeks. They are not strong 
fliers and usually only fly until they find 
the nearest wheat field or other suitable 
host grasses. In wheat, this often results in 
more serious problems occurring at the 
field margins closest to the adult emergence 
site, which is the previous year's wheat field. 
They preferentially select the largest wheat 
stems available and insert eggs into the first 
available internode or when a stem is fully 
developed, below the uppermost node. If 
sawflies are abundant, eggs may be laid in 
smaller stems, and multiple eggs may be laid 
in a single stem. However, only one larva 
will survive in each stem due to cannibalism. 
Females lay an average of 30-50 eggs, 
depending on the size of available host stems. 
Eggs are difficult to detect because they occur 
inside the stem.  

Sawfly larvae are always found within 
the stem and will assume an S-shaped 
position when taken out of the stem. They 
move slowly down the stem as they feed, for 
approximately 30 days. Sawfly larvae (Figure 
2) are cream colored, have a broad head, and 
are ½ to ¾ of an inch in length when fully 
grown. When they are mature they move 
down towards soil level and cut a V-shaped 

Figure 1:�$GXOW�ZKHDW�VWHP�VDZÁ\�

Figure 2:�6DZÁ\�ODUYD�LQ�VWXE�
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notch around the interior of the stem. They 
then seal the interior of the stem just below 
the notch with frass and move down near 
the crown. The upper stem often breaks at 
this weakened notch just prior to harvest, 
and the remaining stem containing the 
overwintering chamber is referred to as the 
‘stub’ (Figure 3). The larvae overwinter in 
the stubs, slightly below soil level, before 
pupating in early spring. They produce a 
clear protective covering that protects them 
from excess moisture and moisture loss.

+RVW�3ODQWV�DQG�'DPDJH
The wheat stem sawfly has traditionally 

infested spring wheat, but over the last 
few decades the damage is becoming 
increasingly common in winter wheat. It 
also feeds in several hollow-stemmed non-
cultivated grasses, including quackgrass, 
smooth brome and various wheatgrasses. 
It does not attack corn or broad leaf crops. 
Although the sawfly may lay eggs in other 
cereals, including barley, oat, and rye, larvae 
rarely mature in barley and rye and do not 
survive in oat.

Darkened areas on the stem, just 
beneath the node, indicate larval 
infestation. To verify the presence of the 
sawfly in a suspected plant, split the stem 
from top to bottom. A stem filled with a 
sawdust-like substance indicates feeding 
activity. The larva will most likely be located 
in a chamber within the stem, just above 
the crown.

The most visible wheat stem sawfly 
damage is stem breakage or lodging just 
prior to harvest (Figure 4). The stem 
is greatly weakened by the groove the 
larva cuts around the base of the plant. 
Lodging becomes more obvious as harvest 
approaches and results in yield loss of five 
to ten percent due to unrecoverable wheat 
heads because the combine cannot pick up 
the lodged stems. In addition, physiological 

Figure 3:�6WXEV�LQ�ZKLFK�ZKHDW�VWHP�VDZÁ\�
larvae overwinter.

damage caused by feeding activity results 
in yield losses of ten to twenty percent in 
infested heads that are harvested.

0DQDJHPHQW

Cultural Controls:

Tillage reduces wheat stem sawfly 
survival, however, its impact on overall 
sawfly abundance and on damage to the 
next wheat crop is variable. Shallow tillage 
after harvest lifts the crowns and loosens 
the soil around them. This maximizes 
the larvae’s exposure to the late summer 
dryness and winter cold, increasing 
mortality. Intense tillage that buries stubble 
also reduces sawfly survival, but to a lesser 
degree. Intense tillage may interfere with 
important biological control agents and 
will increase the risk of soil erosion. No-
till has been linked to many of the recent 
wheat stem sawfly problems in the region. 
However, the advantages of controlling the 
sawfly with tillage must be weighed against 
the considerable benefits of no-till. 

Planting attractive varieties of trap crops 
such as barley, oat or rye along the edge of 
wheat fields may be effective in decreasing 
damage and reducing the number of 
sawflies the following year. The sawflies 
will oviposit in the trap crop, but the larvae 
will be unable to complete development. 
This method is especially effective when 
sawfly abundance is low to moderate and 
significant infestations are limited to the 
field margins. However, when sawflies 
are abundant, females may move past the 
trap crop and into the wheat to oviposit, 
resulting in significant damage.

Planting wheat in larger blocks as 
opposed to narrow strips is another cultural 
practice that may reduce sawfly damage 
potential. This minimizes the amount of 
field border adjacent to stubble where 
sawfly adults will be emerging, and thus, 
the part of the field most vulnerable to 
infestation. Sawflies are not strong fliers and 
tend to fly only until they reach a stem that 
is suitable for egg-laying, which is the basis 
for this practice. Though the soil erosion 
benefits of planting in narrow strips may be 
reduced, larger fields are still a viable option 
if erosion is addressed by no-till practices.

Resistant Wheat Varieties:

Solid stem varieties of wheat have 
been shown to be effective in reducing 
damage caused by the wheat stem sawfly. 
The availability of several adapted solid-
stemmed wheat cultivars provides a 
viable management option for parts 
of the northern High Plains. In areas 
where the sawfly is a recent arrival, wheat 
breeding programs are beginning to 
focus on incorporation of the solid stem 
characteristic into adapted varieties, using 
both conventional selection and linked 
DNA markers. The program at Colorado 
State University also is initiating long term 
research into novel methods for making the 
wheat plant less attractive to the sawfly.

Biological Control:

Several parasitic wasps attack wheat 
stem sawfly on the northern plains, and 
these are thought to be important mortality 
factors. The presence and effectiveness of 
natural enemies in Colorado has not been 
determined. 

Chemical Control:

Currently available insecticides are 
ineffective and cost-prohibitive. The most 
promising strategy seems to be control 
of adults to prevent egg-laying. However, 
the prolonged flight period likely would 
require repeated treatments and there is 
no evidence for the effectiveness of this 
approach. Using solid-stemmed cultivars 
and cultural controls are currently the most 
effective alternatives.

Figure 4:�/RGJLQJ�FDXVHG�E\�ZKHDW�VWHP�VDZÁ\�
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Important questions with the emerging wheat stem sawfly problem are how far will it expand

into Colorado and how long does it take from initial detection to economic infestations.  We

are trying to answer these questions with an annual survey.  We survey about 100 fields in the

main wheat producing counties for both adults and larvae.  The two-year results are shown in

the figure below.  

Wheat stem sawfly infestations increased both in incidence and intensity over the two years. 

The most important observation is that the number of fields positive for larvae went from 14%

to 36% from 2012 to 2013.  Larval infestations are clear evidence that the detected sawflies

have made the switch to winter wheat from grasses.  Adults detected in wheat may have come

from noncrop grasses and may or may not lay eggs in wheat plants.  The lack of positive

samples from the southeast may be related to poor growing conditions.

We plan to conduct this survey for at least two more years.  However, it does seem clear that

the wheat stem sawfly is making the switch to winter wheat in Colorado, and there is no

indication that the expansion will not continue. 

Wheat Stem Survey Addendum for 2013
Frank Peairs, Terri Randolph, and Ben Irell

,PSRUWDQW�TXHVWLRQV�ZLWK�WKH�HPHUJLQJ�ZKHDW�VWHP�VDZÀ\�SUREOHP�DUH�KRZ�IDU�LW�ZLOO�H[SDQG�
into Colorado and how long does it take from initial detection to economic infestations.  We are 
WU\LQJ�WR�DQVZHU�WKHVH�TXHVWLRQV�ZLWK�DQ�DQQXDO�VXUYH\���:H�VXUYH\�DERXW�����¿HOGV�LQ�WKH�PDLQ�
wheat producing counties for both adults and larvae.  The two-year results are shown in the 
¿JXUH�EHORZ���

:KHDW�VWHP�VDZÀ\�LQIHVWDWLRQV�LQFUHDVHG�ERWK�LQ�LQFLGHQFH�DQG�LQWHQVLW\�RYHU�WKH�WZR�\HDUV���7KH�
PRVW�LPSRUWDQW�REVHUYDWLRQ�LV�WKDW�WKH�QXPEHU�RI�¿HOGV�SRVLWLYH�IRU�ODUYDH�ZHQW�IURP�����WR�
����IURP������WR��������/DUYDO�LQIHVWDWLRQV�DUH�FOHDU�HYLGHQFH�WKDW�WKH�GHWHFWHG�VDZÀLHV�KDYH�
made the switch to winter wheat from grasses.  Adults detected in wheat may have come from 
noncrop grasses and may or may not lay eggs in wheat plants.  The lack of positive samples from 
the southeast may be related to poor growing conditions.

We plan to conduct this survey for at least two more years.  However, it does seem clear that the 
ZKHDW�VWHP�VDZÀ\�LV�PDNLQJ�WKH�VZLWFK�WR�ZLQWHU�ZKHDW�LQ�&RORUDGR��DQG�WKHUH�LV�QR�LQGLFDWLRQ�
that the expansion will not continue. 
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7KH�:KHDW�6WHP�6DZÀ\
A New Pest of Colorado Wheat from an Old Colorado Insect

Courtney Jahn

:KHDW�VWHP�VDZÀ\��:66��LV�RQH�RI�WKH�PRVW�LPSRUWDQW�HFRQRPLF�LQVHFW�SHVWV�RI�ZKHDW�LQ�
the northern Great Plains. For decades, economic damage by WSS was restricted to spring 
wheat in the Prairie Provinces of Canada as well as in Montana and North Dakota in the U.S. 
More recently, damage in winter wheat in these areas has been observed. However, in 2011 
PDMRU�GDPDJH�ZDV�¿UVW�UHSRUWHG�LQ�ZLQWHU�ZKHDW�LQ�&RORUDGR��DQG�VXEVHTXHQW�¿HOG�VXUYH\V�
found widespread WSS infestation and damage in eastern areas of the state. This represents a 
VLJQL¿FDQW�H[SDQVLRQ�VRXWKZDUG�IRU�WKLV�LQVHFW�DQG�DGYDQFHV�LW�WRZDUG�WKH�PDMRU�ZLQWHU�ZKHDW�
production area of the central and southern Great Plains.

The WSS life-cycle is complex and this has hindered control. The insect is a native to North 
$PHULFD�DQG�ZDV�¿UVW�GHVFULEHG�RYHU�����\HDUV�DJR�DIWHU�EHLQJ�FROOHFWHG�IURP�JUDVV�LQ�&RORUDGR��
Extensive damage and economic losses in wheat were not reported until 1922, which was the 
¿UVW�LQGLFDWLRQ�WKDW�WKH�LQVHFW�KDG�MXPSHG�KRVWV�DQG�QRZ�SUHIHUUHG�ZKHDW�RYHU�QDWLYH�JUDVV�
species. The WSS life-cycle in wheat begins as adults emerge after overwintering as larvae in 
previous-year wheat stubble. Emergence in Colorado can happen as early as late April while 
in Manitoba, Canada, it may not occur until June or July. Mating takes place immediately 
after emergence and each female is capable of laying 50 eggs directly inside of wheat stems. 
New larvae begin feeding on stems directly after hatching and although multiple eggs often 
occur in the same stem, larvae will destroy other eggs until usually only one larva remains. 
Larvae feed within the stems until the wheat is nearly mature and towards the end of the season 
environmental cues trigger the larvae to move to soil level and cut a V-shaped notch around 
WKH�LQWHULRU�RI�WKH�VWHP���7KLV�JLUGOHG�VHFWLRQ�LV�WKHQ�¿OOHG�ZLWK�IUDVV��SROLWH�WHUP�IRU�LQVHFW�
excrement), which creates a protective solid plug in the wheat plant. The larvae overwinter in 
this wheat stub, pupate in the early spring, and new adults chew through either the frass plug or 
the side of the wheat stub to start the cycle again.

/RVVHV�IURP�WKH�:66�FDQ�EH�WZR�IROG��¿UVW�IURP�VWHP�IHHGLQJ�IROORZHG�E\�FXWWLQJ�DW�WKH�HQG�RI�
the season. The season-long stem feeding causes internal damage to the wheat plant and leads 
WR�VLJQL¿FDQW�UHGXFWLRQV�LQ�WKH�SODQW¶V�DELOLW\�WR�SURGXFH�HQHUJ\�WKURXJK�SKRWRV\QWKHVLV���,Q�
DGGLWLRQ��JUDLQ�¿OOLQJ�UHGXFWLRQV�GXH�WR�IHHGLQJ�DUH�W\SLFDOO\����±������EXW�IXUWKHU�UHGXFWLRQV�LQ�
yield can result from the combination of stem damage with drought stress. The late season stem-
cutting (when the larvae girdle the plant in preparation for overwintering) results in additional 
yield losses and causes plants to lodge, especially under windy conditions. Stem-cutting can 
UHGXFH�\LHOGV�XS�WR���������PRVWO\�EHFDXVH�LW�LV�GLI¿FXOW�WR�KDUYHVW�IDOOHQ�VWHPV�HI¿FLHQWO\��,Q�
FDVHV�ZKHUH�VHYHUH�VWHP�FXWWLQJ�KDV�RFFXUUHG��LQ�RUGHU�WR�UHGXFH�ORVVHV�DW�KDUYHVW��WKH�¿HOG�PXVW�
¿UVW�EH�SURFHVVHG�ZLWK�D�VZDWKHU�HTXLSSHG�ZLWK�D�SLFNXS�UHHO�DQG�FURS�OLIWHUV��7KH�H[WUD�ODERU�
required to harvest the fallen wheat crop adds additional fuel cost to the grower’s budget and 
may also require the purchase and installation of equipment the grower does not already own.

Multiple cultural control strategies have been employed to try and reduce losses from WSS, but 
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none have been able to provide complete control. Several cultural methods have attempted to 
reduce larvae numbers through removal of wheat stubs by burning or tillage. However, burning 
has had little to no effect on the pests in wheat stubble, and both burning and tillage methods 
KDYH�LQGXFHG�VHYHUH�QHJDWLYH�HIIHFWV�VXFK�DV�VHULRXV�VRLO�HURVLRQ��$QRWKHU�VWUDWHJ\�DOWHUHG�¿HOG�
FRQ¿JXUDWLRQV�WR�UHSODFH�ODUJH�PRQRFXOWXUH�DUHDV�ZLWK�VPDOO�VWULSV�RI�FURS�DQG�IDOORZ�ODQG��
EXW�WKHVH�QDUURZ�VWULSV�ZHUH�HDVLO\�FURVVHG�E\�:66�DQG�DOVR�LPSHGHG�HI¿FLHQW�ZKHDW�KDUYHVW��
Additional cultural control methods include using trap crops, rotating out of wheat production for 
DW�OHDVW�WZR�\HDUV��LQFUHDVLQJ�URZ�VSDFLQJ��DQG�¿QH�WXQLQJ�FURS�QXWULHQW�PDQDJHPHQW��7KHVH�KDYH�
met with varying success but none have been the silver bullet that effectively mitigates losses 
from WSS.

The use of insecticides to control WSS has also been investigated with varying results. Several 
studies in the U.S and in Canada have investigated the use of a systemic insecticide (Heptachlor), 
DQG�VKRZHG�FRQVLGHUDEOH�ODUYDO�GHDWK��+RZHYHU��KHSWDFKORU�ZDV�EDQQHG�LQ�WKH�8�6��LQ������
EHFDXVH�LW�ZDV�IRXQG�WR�SHUVLVW�LQ�WKH�VRLO�IRU�GHFDGHV��$GGLWLRQDOO\��DV�WKH�VDZÀ\�FRPSOHWHV�����
of its lifecycle protected inside of the wheat plant, it is doubtful that a pesticide can be developed 
that will not compromise grain safety. Further, these insecticides negatively impact other insects 
that are parasites of WSS larvae (called parasitoids). Spraying insecticides during adult WSS 
emergence might be effective, but would require excessive monitoring and precise timing, which 
PD\�EH�GLI¿FXOW�DV�WKH�:66�DQG�WKHLU�SDUDVLWRLGV�FDQ�HPHUJH�RYHU�D�VHYHUDO�ZHHN�SHULRG�

To date, the best control of the WSS is through plant resistance via the “solid-stem” trait. The 
ZKHDW�OLQH�6������UHOHDVHG�LQ�������FRQWDLQV�D�VROLG�VWHP�WUDLW�WKDW�H[KLELWV�VLJQL¿FDQWO\�UHGXFHG�
stem-cutting by WSS. Prior to 2010, all solid-stemmed varieties were derived from S-615, 
and this solid-stem trait is still used in modern spring and winter wheat varieties. However, 
WSS outbreaks persist due to incomplete resistance and low levels of adoption of solid-stem 
YDULHWLHV�E\�ZKHDW�JURZHUV��$GGLWLRQDOO\��LW�LV�EHOLHYHG�WKDW�WKHUH�LV�D�¿WQHVV�SHQDOW\�WR�WKH�VROLG�
stem trait, as solid-stemmed varieties generally produce lower grain yields then their hollow-
stemmed counterparts, although it is yet unclear why this is the case. Additional genes have been 
investigated, including those related to wheat volatiles (chemicals given off by wheat which 
PDNH�FHUWDLQ�YDULHWLHV�PRUH�DWWUDFWLYH�WR�WKH�:66���EXW�VLJQL¿FDQW�EUHHGLQJ�LQ�WKLV�DUHD�KDV�QRW�
taken place.

In conclusion, despite a century-long effort to control WSS proliferation and countless efforts 
towards development of cultural, chemical, and biological controls, only host-plant resistance 
has proven to be both reliable and effective. The rich history of work in this area makes clear that 
there is a need to identify new plant-based control methods for the WSS. The combined efforts 
of several groups at CSU aim to tackle this problem through multiple strategies—including 
WKH�LGHQWL¿FDWLRQ�RI�QRYHO�WUDLWV�IRU�SODQW�UHVLVWDQFH��XQGHUVWDQGLQJ�WKH�LQVHFW¶V�OLIH�F\FOH�DQG�
southern expansion, as well as breeding efforts from existing traits and materials. 
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Improving Management of Herbicide Resistant Weeds in Colorado
Todd Gaines

As herbicides continue to be an essential tool for weed control, ongoing herbicide sustainability 
LV�HVVHQWLDO�LQ�&RORUDGR�FURSSLQJ�V\VWHPV���5HVHDUFK�SURMHFWV�SHUWDLQLQJ�WR�WKH�HYROXWLRQ�
and management of resistance in important species including kochia, Palmer amaranth, and 
barnyardgrass are ongoing in the CSU weed science program.  Several Colorado kochia samples 
collected in 2011 showed glyphosate resistance when tested in glyphosate dose response studies 
in the CSU weed science greenhouse.  Some individual plants survived up to 1.25 gallons of 
glyphosate, although the general level of increased resistance appears to be in the 3-6 fold 
range.  The CSU weed science program is conducting surveys to understand the distribution of 
glyphosate-resistant kochia in Colorado and numerous studies to look for other herbicides that 
FDQ�EH�XVHG�WR�FRQWURO�WKLV�UHVLVWDQW�NRFKLD���:H�DUH�DOVR�KHDYLO\�LQYROYHG�LQ�SURMHFWV�ZLWK�WKH�
&68�:KHDW�%UHHGLQJ�SURJUDP�LQFOXGLQJ�VSUD\LQJ�¿HOG�SORWV�RI�&OHDU¿HOG�EUHHGLQJ�OLQHV�DQG�

developing novel herbicide resistance traits in wheat.

As the newest faculty member of the CSU weed science 
SURJUDP��RQH�RI�P\�PDMRU�DUHDV�RI�LQWHUHVW�LV�WR�GHVLJQ�
better weed management strategies by understanding 
the biochemical and the molecular basis of herbicide 
resistance.  Some resistant weed populations rapidly 
break down herbicides, a process known as metabolic 
herbicide resistance.  One category of enzyme in 
plants, known as P450 genes, are involved in metabolic 
herbicide resistance, and recently completed research has 
LGHQWL¿HG�VRPH�RI�WKH�VSHFL¿F�JHQHV�LQYROYHG�LQ�ULJLG�
U\HJUDVV���,Q�P\�UHVHDUFK�SULRU�WR�MRLQLQJ�&68��,�ZRUNHG�
in a collaboration between the Australian Herbicide 

Resistance Initiative in Perth, Western Australia, and Bayer CropScience in Frankfurt, Germany, 
ZKHUH�ZH�LGHQWL¿HG����GLIIHUHQW�3����HQ]\PHV�LQ�HYHU\GD\�U\HJUDVV���7KH�JHQHV�RI�WZR�RI�WKHVH�
P450’s were ‘turned up’ in resistant ryegrass.  This allowed the resistant plants to produce more 
P450 and survive the herbicide diclofop.  The susceptible ryegrass in the study also had the 
P450’s that cause resistance, but these genes were ‘turned up’ only in the resistant plants.  This 
LV�WKH�¿UVW�WLPH�WKDW�WKH�JHQHV�LQ�U\HJUDVV�OLNHO\�UHVSRQVLEOH�IRU�PHWDEROLF�UHVLVWDQFH�KDYH�EHHQ�
LGHQWL¿HG���:H¶UH�SODQQLQJ�VLPLODU�UHVHDUFK�DW�&68�IRU�JO\SKRVDWH�DQG�GLFDPED�UHVLVWDQFH�LQ�
kochia.  The results will help improve monitoring and diagnosis of herbicide resistance.

The CSU weed science program is also initiating research into harvest weed seed control, which 
LV�DQ�RSSRUWXQLW\�WR�WDUJHW�IXWXUH�ZHHG�SRSXODWLRQV���0DQ\�SUREOHPDWLF�ZHHG�VSHFLHV�DUH�SUROL¿F�
VHHG�SURGXFHUV�FDSDEOH�RI�HVWDEOLVKLQJ�D�ODUJH�YLDEOH�VHHG�EDQN�LQ�MXVW�RQH�VHDVRQ���+RZHYHU��LQ�
cases where high proportions of weed seed are retained on upright stems and tillers of weeds at 
crop maturity, then there is potential to target these seeds during grain harvest, restricting inputs 
to the weed seed bank.
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Take a Few Notes!
Rick Novak

$FFRUGLQJ�WR�WKH�86'$�$JULFXOWXUH�6WDWLVWLFV�2I¿FH��&RORUDGR�SODQWHG�����������DFUHV�RI�ZLQWHU�
wheat in the fall of 2013.  Colorado farmers increased their acres planted to winter wheat by 
over 600,000 acres from the previous year.  As you may remember, 2013 was extremely dry in 
southeast Colorado with nearly 700,000 acres of wheat that were abandoned and not harvested.  
The continuing drought has created a shortage of farmer-saved seed.  This shortage of saved 
VHHG�DORQJ�ZLWK�QHZ�YDULHWLHV�WKDW�DUH�DYDLODEOH�FRQWLQXH�WR�IXHO�WKH�GHPDQG�IRU�&HUWL¿HG�6HHG���
&RORUDGR�ZKHDW�VHHG�JURZHUV�VDZ�DQ�LQFUHDVH�RI�RYHU���������EXVKHOV�RI�&HUWL¿HG�:KHDW�6HHG�
VROG�LQ������ZKHQ�FRPSDUHG�WR�WKH�SUHYLRXV�IDOO�RI��������7KH�JUDSK�EHORZ�UHÀHFWV�WKH�VWHDG\�
LQFUHDVH�LQ�&HUWL¿HG�:KHDW�6HHG�XVDJH�RXU�&RORUDGR�VHHG�JURZHUV�KDYH�H[SHULHQFHG�RYHU�WKH�
last several years.  This graph tracks the last 14 years of seed planting activity including the 
YDULHWLHV�WKDW�FDUU\�WKH�&OHDU¿HOG® trait.  Colorado is currently close to achieving a level of 50% 
&HUWL¿HG�:KHDW�6HHG�XVDJH�DQG�RI�WKDW�WRWDO��QHDUO\����ZHUH�YDULHWLHV�WROHUDQW�WR�WKH�&OHDU¿HOG® 
chemistry.  The values used in this graph were based on annual USDA fall planting acreage 
reports along with the Colorado Seed Growers Association annual seed distribution reports.    
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Farmers are innovative and will continue to look for ways to improve their agronomic practices. 
7KH\�ZLOO�SODQW�LPSURYHG�YDULHWLHV�WKDW�ZLOO�KHOS�VWUHQJWKHQ�WKHLU�¿QDQFLDO�ERWWRP�OLQH���(YHU\�
VHDVRQ�PRUH�IDUPHUV�DUH�GHFLGLQJ�WR�SXUFKDVH�&HUWL¿HG�:KHDW�6HHG�EHFDXVH�RI�RQH�RU�VHYHUDO�RI�
WKH�IROORZLQJ�UHDVRQV�WKDW�WKH\�UHFRJQL]H�DV�KDYLQJ�VLJQL¿FDQW�YDOXH�

1. They want to plant the newer, higher yielding varieties with good disease tolerance that 
have been tested in our area and are known to perform well.

2. 7KH\�UHFRJQL]H�&HUWL¿HG�6HHG�KDV�EHHQ�¿HOG�LQVSHFWHG�DQG�WKH�VHHG�WDJ�SURYLGHV�
YHUL¿FDWLRQ�WKDW�LW�EHHQ�WHVWHG�IRU�SXULW\�DQG�JHUPLQDWLRQ��

3. &HUWL¿HG�6HHG�LV�FRQGLWLRQHG�DQG�UHDG\�WR�SODQW��PDNLQJ�LW�YHU\�FRQYHQLHQW�DQG�VDYLQJ�
time and labor during the busy planting season.  The practice saves labor costs.

4. )DUPHUV�UHFRJQL]H�WKH\�DUH�FXUUHQWO\�UHDSLQJ�WKH�EHQH¿WV�RI�SDVW�UHVHDUFK�ZLWK�WKH�QHZ��
KLJK�\LHOGLQJ�YDULHWLHV�LQ�WKH�PDUNHW���7KH\�UHDOL]H�SXUFKDVLQJ�&HUWL¿HG�6HHG�VXSSRUWV�
public variety development with royalties that help fund research for the development of 
even better varieties in the future.   

During this time of the year, many agronomic decisions such as variety selection, fertility 
applications, and tillage operations have already been made for the current season’s crop.  
There are still a few weeks to go before harvest.  Even though the crop is still developing, 
it is important to monitor and evaluate the crop while it grows.  Farmers should not only be 
monitoring the progress, but should be evaluating performance of the individual varieties on the 
IDUP���6LGH�E\�VLGH�FRPSDULVRQ�RI�YDULHWLHV�FDQ�EH�EHQH¿FLDO�WR�IXWXUH�GHFLVLRQ�PDNLQJ��$IWHU�DOO�
that is what variety testing is all about.  

It will be useful in future decisions to collect some crop development and performance notes.  
Whether the issues that you deal with are fertility, insects, disease, limited irrigation, or drought 
there is a good probability that there will be differences in varieties within each crop that you 
JURZ��7KLV�VHDVRQ��DGMXVW�WKH�ZRUN�VFKHGXOH�WR�FROOHFW�FRPSDUDWLYH�LQIRUPDWLRQ�RI�WKH�GLIIHULQJ�
varieties in each crop on the farm.  Factors like climate, rainfall, and soil type vary a great deal 
in Colorado and they can ultimately affect yield and bottom line.  Farmers know that they can 
reduce potential risks by planting several different varieties and that variety selection should be 
based on sound information such as local test plot data in side-by-side trials. This summer there 
will be numerous Field Day plot tour opportunities for most of the crops that Colorado Farmers 
SURGXFH���&KHFN�ZLWK�ORFDO�VHHG�VXSSOLHUV�RU�FRXQW\�([WHQVLRQ�$JHQWV�IRU�WKLV�VHDVRQ¶V�¿HOG�
DFWLYLWLHV���,W�ZLOO�EH�LQIRUPDWLYH�DQG�EHQH¿FLDO���0DUN�WKH�FDOHQGDU�WR�DWWHQG�RQH�RU�VHYHUDO�ORFDO�
Field Day plot tours this summer. 
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Making Fertilizer Decisions During Drought
Jessica G. Davis

As the drought continues, many farmers are looking for ways to reduce risk and optimize yields.  
It may be tempting to cut back on your fertilizer program in order to reduce your costs this year.  
However, good nutrient management is key to optimizing water use, so be careful not to rush 
into any hasty decisions. 

If you fertilized normally last season but experienced limited yields due to drought, there may 
be some nutrient storage left over from last year’s applications.  Soil sampling is extra important 
in a year like 2014 because of uncertainties about how much of last year’s nutrients may still be 
available for this year’s crops.  In particular, there may be more nitrate (NO

3
-N) left over than 

usual because of less rainfall, less crop uptake, and less leaching.  So you may be able to cut 
back on your N fertilizer this year.  But be sure to soil sample prior to making this decision!

Many studies on a variety of crops over the past 50 plus years have shown that optimal 
ZDWHU�XVH�HI¿FLHQF\�FDQQRW�EH�DFKLHYHG�ZLWKRXW�RSWLPL]LQJ�QXWULHQW�PDQDJHPHQW���7KH\�DUH�
intimately linked.  Proper fertilization removes limitations to plant growth, so plants are better 
able to respond to whatever rainfall or irrigation they do get.  Applying fertilizer to move soil 
FRQFHQWUDWLRQV�RXW�RI�WKH�GH¿FLHQW�FDWHJRU\�DQG�LQWR�WKH�VXI¿FLHQW�FDWHJRU\�ZLOO�DOORZ�\RXU�FURS�
to get the most yield out of every drop of water.

Nutrient management doesn’t only supply nutrients to crops, but can also improve soil quality 
and alter the way that water cycles through soils.  In particular, applying manure or compost has 
EHHQ�VKRZQ�WR�LPSURYH�ZDWHU�LQ¿OWUDWLRQ�LQWR�VRLOV�DQG�UHGXFH�UXQRII�ORVVHV�IURP�WKH�VRLO�VXUIDFH���
Reducing runoff increases potentially available water for crops.  In addition, manure and 
FRPSRVW�DSSOLFDWLRQV�DOVR�LQFUHDVH�VRLO�ZDWHU�UHWHQWLRQ��HVSHFLDOO\�DW�¿HOG�FDSDFLW\��HIIHFWLYHO\�
increasing the amount of rainfall that is stored in the soil for crops to access.

Having a healthy root system is critical to maximizing the plants’ access to stored soil water.  
Healthy roots need nitrogen (N) and phosphorus (P) to mine the water from the soil.  A single N 
and P fertilizer application to the soil surface can increase wheat root growth down to a 3-foot 
depth!  And, that increased rooting is directly related to enhanced water uptake and better yields.

Overall, be sure to avoid tunnel vision about rainfall.  Of course, we need rain to get good yields, 
especially in our dryland crops.  But rain, by itself, doesn’t solve all of our problems (even 
though it may feel like it would!).  We need to pay attention to soil fertility so the plants can 
perform their best with the water that they do have. 
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Meagan Schipanski
New Cropping Systems Faculty Member at CSU

,�MRLQHG�WKH�&68�IDFXOW\�LQ�)RUW�&ROOLQV�LQ�-DQXDU\�������,Q�DGGLWLRQ�WR�WHDFKLQJ�FRXUVHV�RQ�¿HOG�
crops, my research program is focused on the development of cropping systems adapted to semi-

DULG�UHJLRQV�WKDW�DUH�SURGXFWLYH�DQG�SUR¿WDEOH�WRGD\�DQG�UHVLOLHQW�
tomorrow.
 
Coming to CSU feels a little like coming back home. I grew 
up in Manhattan, Kansas, and have three generations of family 
ties in Colorado. I spent the past 10 years in the humid east 
where I completed my Ph.D. at Cornell University and was 
a postdoctoral researcher at McGill University in Montreal, 
Canada, and Pennsylvania State University.  Before starting 
graduate school, I spent 5 years farming that included 4 years 
PDQDJLQJ�¿HOG�RSHUDWLRQV�RQ�D�YHJHWDEOH�IDUP�RXWVLGH�&KLFDJR�

I have experience conducting research on farms and research 
stations. For my graduate research, I worked with grain farmers in New York to understand 
KRZ�FURS�URWDWLRQV�LQÀXHQFH�VRLO�QLWURJHQ�DQG�RUJDQLF�PDWWHU�G\QDPLFV��LQFOXGLQJ�WKH�XVH�RI�
red clover interseeded with winter wheat or spelt. The relationships I developed with these 
collaborating farmers were extremely rewarding and I hope to continue to do on-farm research. 
At Penn State, I collaborated with a diverse team to evaluate the potential of cover crops and 
FRYHU�FURS�PL[WXUHV�WR�LQÀXHQFH�SURGXFWLYLW\��VRLO�TXDOLW\��DQG�SHVW�G\QDPLFV�LQ�DQQXDO�GDLU\�
crop rotations. 

As I shift my focus to semi-arid systems, I am particularly interested in opportunities for building 
and maintaining soil organic matter in dryland systems through residue management and using 
diverse crop rotations, including forage crops. In addition to maintaining surface residues, soil 
organic matter is the cornerstone of productive systems. My lab uses measurements that can 
serve as early indicators of changes in soil organic matter because total soil organic matter levels 
are slow to change.

I plan to integrate on-farm research with research at CSU research sites, including taking 
advantage of the long-term dryland cropping system sites initiated by Gary Peterson and Dwayne 
Westfall almost 30 years ago near Stratton, Sterling, and Walsh, Colorado.  I also hope to 
collaborate with diverse teams of researchers, farmers, extension staff, and resource conservation 
VWDII��WR�XQGHUVWDQG�KRZ�FURSSLQJ�V\VWHPV�PDQDJHPHQW�SUDFWLFHV�LQÀXHQFH�VXFFHVV�IURP�PXOWLSOH�
angles, including economics, pest management, and soil ecology.

I look forward to working with the Colorado community of producers and I welcome your input 
DQG�LGHDV��,�FDQ�EH�UHDFKHG�DW�PHDJDQ�VFKLSDQVNL#FRORVWDWH�HGX�
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*UDLQ�3URWHLQ�'HYLDWLRQ����)LQGLQJ�+LJK�*UDLQ�3URWHLQ�DQG�+LJK�<LHOGLQJ�9DULHWLHV

Susan Latshaw, David Poss, Linda Hardesty, Merle Vigil, and Scott D. Haley

Introduction
Hard winter wheat produced in Colorado must have adequate protein concentration and good 
gluten strength to enter the commodity pipeline that ends with leavened breads and rolls.  
*URZHUV�DUH�PRVWO\�LQWHUHVWHG�LQ�PD[LPL]LQJ�QHW�UHWXUQV�SHU�DFUH����3UR¿WDEOH�FURSV�KDYH�KLJK�
grain yields and avoid price discounts for low protein levels.  However, these traits are negatively 
UHODWHG�DQG�LW�LV�GLI¿FXOW�WR�VLPXOWDQHRXVO\�VHOHFW�WUDLWV�WKDW�DUH�JHQHWLFDOO\�RSSRVHG����$�VROXWLRQ�
to this selection dilemma was proposed whereby deviates from the regression of grain yield on 
grain protein were distinguished by high values for ‘grain protein deviation (GPD)’ (Monaghan 
et al., 2001).  Grain protein deviation is assessed as standardized values of the difference of the 
data from the predicted relationship between grain yield (GY) and grain protein concentration 
�*3&����,W�WKHUHIRUH�LGHQWL¿HV�JHQRW\SHV�WKDW�DFFXPXODWH�KLJKHU�SURWHLQ�FRQFHQWUDWLRQ�WKDQ�
expected for a given yield level.  Here we report on an assessment of GPD for 20 Great Plains 
adapted genotypes, grown under a range of nitrogen rates in the 2010-2011 growing season.

Methods and Statistical Analysis
Research was conducted at the USDA-ARS Central Great Plains Research Station, near Akron, 
CO.   The experimental design was a split plot with three replications.  Nitrogen fertilizer (main 
SORW��ZDV�VXUIDFH�EURDGFDVW�EHIRUH�SODQWLQJ�DW�¿YH�UDWHV������������������DQG�����OEV�1�SHU�DFUH�
as urea 46-0-0. The genotypes (sub plot) in the study were 20 hard red or white winter wheat 
varieties or CSU experimental lines.  Best linear unbiased estimates (BLUEs) for N and genotype 
main effects for GY and GPC were calculated in the MIXED procedure of  SAS (SAS version 
�������0RGHOV�LQFOXGHG�¿[HG�HIIHFWV�IRU�1�UDWH��JHQRW\SH��DQG�WKHLU�LQWHUDFWLRQ�DQG�UDQGRP�HIIHFWV�
IRU�H[SHULPHQWDO�GHVLJQ�HOHPHQWV�DQG�D�SRZHU�DQLVRWURSLF�FRYDULDQFH�DGMXVWPHQW�IRU�¿HOG�VSDWLDO�
variability.  

Standardized residuals for the least squares regression of GY BLUEs on GPC BLUEs were 
calculated with the function lm in the base R package (RCoreTeam, 2013) within each N 
rate and globally, across N rates,  to obtain ‘grain protein deviation’ (GPD) values for each 
genotype.  Following the methods of Oury and Godin (2007), the data were trimmed for 
three to six iterations of regression, where lines with GPDs that exceeded a threshold of 2.5% 
�UHVLGXDO!_����_��ZHUH�UHPRYHG���7KLV�SURFHGXUH�UHGXFHG�WKH�LQÀXHQFH�RI�XQXVXDO�REVHUYDWLRQV�
on the regression.  Once the trimmed regression equation was determined for each data set, it 
was applied to all the genotypes in order to calculate the GPD from GPC BLUEs.  The predicted 
protein concentration was subtracted from the GPC BLUE (yi) to obtain the residual for the 
WULPPHG�UHJUHVVLRQ���7KH�VWDQGDUGL]HG�UHVLGXDOV�ZHUH�WKHQ�FDOFXODWHG�DV���
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Results and Discussion
7KH�VORSH�RI�WKH�UHJUHVVLRQ�ZDV�VLJQL¿FDQW�IRU�WKH�FRPELQHG�GDWD�RYHU�DOO�1�UDWHV�DQG�IRU�WKH�
25 and 100 lb/ac N rates.  For the combined data, Brawl CL Plus and Jagger exceeded the 2.5% 
threshold of the Normal Standard for the standardized residuals in the positive direction (Figure 
1a).

 Figure 1.  a.  Regression of least square means for grain yield on grain protein concentration for 20 genotypes 
DFURVV�¿YH�QLWURJHQ�UDWHV�JURZQ�DW�$NURQ��&2�LQ�WKH�����������JURZLQJ�VHDVRQ���7KH�UHJUHVVLRQ�OLQH�LV�
SORWWHG��ZLWK�����FRQ¿GHQFH�LQWHUYDOV�DSSHDULQJ�DV�GRWWHG�OLQHV��E����6WDQGDUGL]HG�UHVLGXDOV�IRU�WKH�WULPPHG�
UHJUHVVLRQV��*3'��IRU�LQGLYLGXDO�1�UDWHV�DQG�DFURVV�DOO�1�UDWHV��,'�0HDQ����*HQRW\SHV�DUH�RUGHUHG�E\�WKH�
*3'�YDOXH�FDOFXODWHG�DFURVV�DOO�1�UDWHV���7KH�����WKUHVKROG�RI�WKH�1RUPDO�6WDQGDUG�LV�PDUNHG�ZLWK�D�GDVKHG�
line at 1.28.

GPDs within an N rate were most often of the same sign for the genotypes with the highest and 
lowest GPDs (Figure 2b).  This non-random pattern is consistent with a genetic component for 
GPD.  None of the genotypes in this study had extreme values for GPD (none exceed the 5% 
threshold of the Normal Standard, GPD>1.64).  Earlier authors reported high GPD genotypes to 
be a rare occurrence (Monaghan et al., 2001��Oury and Godin, 2007).  Extension of this analysis 
is underway for a set of 399 CSU breeding lines and released varieties to survey a larger sample 
of genotypes, among which may be lines with high positive values for GPD.  

Given the complex of shared metabolic pathways contributing to GY and GPC and the vagaries 
of genotype by environment interactions, GPD provides an attractive measure for assessing 
those cultivars that accumulate higher protein than expected for a given yield level.  GPD may 
be a useful index for facilitating the simultaneous selection of high grain yield and high protein 
concentration in the wheat breeding program.
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+RZ�3ODQWLQJ�3ODLQV*ROG�6HHG�6XSSRUWV�3XEOLF�:KHDW�%UHHGLQJ
+DWFKHU��5LSSHU��%LOO�%URZQ��6QRZPDVV��7R�ZLQWHU�ZKHDW�
IDUPHUV�LQ�WKH�KLJK�SODLQV�RI�&RORUDGR��.DQVDV�DQG�1HEUDVND��
WKHVH�IRXU�YDULHWLHV�DUH�OHJHQGV�IRU�WKHLU�UHOLDELOLW\��\LHOG�
DQG�TXDOLW\��$QG�QRZ�QHZ�YDULHWLHV�%\UG��%UDZO�&/�3OXV�
DQG�'HQDOL�DUH�UDSLGO\�EHFRPLQJ�DQ�LPSRUWDQW�SDUW�RI�ZKHDW�
IDUPHUV¶�VXFFHVV��7KH�ZKHDW�EUHHGLQJ�SURJUDP�DW�&RORUDGR�
6WDWH�8QLYHUVLW\��&68��WKDW�GHYHORSHG�WKHP�±�DQG�FHUWDLQO\�
WKH�ZKHDW�IDUPHUV�ZKR�VXSSRUWHG�WKH�SURJUDP�LQGLYLGXDOO\�DQG�

WKURXJK�WKH�VWDWH�FKHFNRII�±�SXW�D�VSRWOLJKW�RQ�WKLV�JUHDW�SXEOLF�ZKHDW�EUHHGLQJ�SURJUDP�
�
$FWXDOO\��WKH�&68�SXEOLF�ZKHDW�EUHHGLQJ�SURJUDP�KDV�UHOHDVHG�PRUH�WKDQ����LPSURYHG�ZKHDW�YDULHWLHV�VLQFH�
������7KH�SURJUDP�GHOLYHUHG�WKH�¿UVW�SXEOLFO\�GHYHORSHG��WZR�JHQH�&OHDU¿HOG��ZKHDW��ZKLFK�ZDV�UHOHDVHG�LQ�
�����XQGHU�WKH�QDPH�%UDZO�&/�3OXV��7KLV�ZDV�SUHFHGHG�E\�WKH�ODXQFK�LQ������RI�WKH�¿UVW�HYHU�&OHDU¿HOG��ZKHDW�
LQ�WKH�8�6���$ERYH��DQG�WKH�¿UVW�YDULHW\�UHVLVWDQW�WR�WKH�5XVVLDQ�ZKHDW�DSKLG�LQ������±�+DOW�
�
6XUSULVHG"�<RX�DUHQ¶W�DORQH��$QG�WKLV�FRQFHUQHG�OHDGHUV�DW�ERWK�WKH�XQLYHUVLW\�DQG�WKH�&RORUDGR�:KHDW�5HVHDUFK�
)RXQGDWLRQ��&:5)���HVSHFLDOO\�DV�LQWHUQDWLRQDO�SRZHUKRXVHV�LQ�FRUQ�DQG�VR\EHDQV�VXFK�DV�0RQVDQWR�DQG�
6\QJHQWD�EHJDQ�EX\LQJ�XS�UHJLRQDO�ZKHDW�EUHHGLQJ�FRPSDQLHV�LQ�WKH�SDVW�IHZ�\HDUV��

$QG�VR�VWDUWHG�WKH�SURFHVV�UHVXOWLQJ�LQ�WKH�KLJK�SODLQV¶�QHZHVW�ZKHDW�EUDQG�ZLWK�DUJXDEO\�WKH�PRVW�SURYHQ�
YDULHWLHV��3ODLQV*ROG��

&RORUDGR�KDV�D�YHU\�XQLTXH�±�DQG�HIIHFWLYH�±�FROODERUDWLRQ�EHWZHHQ�&68�DQG�WKH�&RORUDGR�:KHDW�5HVHDUFK�
)RXQGDWLRQ��&:5)���&68�GHYHORSV�WKH�YDULHWLHV��DQG�&:5)�KDQGOHV�WKH�SXEOLF�UHOHDVH�DQG�PDUNHWLQJ��5R\DOWLHV�
IURP�VHHG�VDOHV�DUH�WKHQ�UHLQYHVWHG�LQWR�YDULHW\�GHYHORSPHQW�DW�&68��DV�ZHOO�DV�WHVWLQJ�DQG�PDUNHWLQJ��

,Q�������ZKHQ�3ODLQV*ROG�ZDV�ODXQFKHG�E\�&:5)��LW�FDXJKW�WKH�DWWHQWLRQ�RI�SULYDWH�DQG�SXEOLF�ZKHDW�EUHHGLQJ�
SURJUDPV�

3ODLQV*ROG�PDUNHWLQJ�LQFOXGHG�WKH�¿UVW�SDLG�DGYHUWLVHPHQW�IRU�DQ\�&68�GHYHORSHG�YDULHW\��7KLV�XQLTXH�
FROODERUDWLRQ�EHWZHHQ�&:5)�DQG�WKH�XQLYHUVLW\�LV�QRZ�EHLQJ�ORRNHG�DW�DV�D�PRGHO�E\�RWKHU�VWDWHV�
�
3ODLQV*ROG�YDULHWLHV�DUH�H[FOXVLYHO\�IURP�WKH�&68�ZKHDW�EUHHGLQJ�SURJUDP��DQG�WHVWHG�H[WHQVLYHO\�LQ�&RORUDGR�
DQG�VXUURXQGLQJ�VWDWHV��$OO�3ODLQV*ROG�YDULHWLHV�KDYH�FRQVLVWHQWO\�SHUIRUPHG�ZHOO�LQ�WKH�XQLTXH��DQG�RIWHQ�
GLI¿FXOW��ZKHDW�JURZLQJ�FRQGLWLRQV�SUHYDOHQW�DFURVV�WKH�KLJK�SODLQV�UHJLRQ��3OXV�PDQ\�YDULHWLHV�RIIHU�XQLTXH�
RSWLRQV�VXFK�DV�KHUELFLGH�WROHUDQFH�DQG�SUHPLXP�SURJUDPV�WKDW�RIIHU�DGGLWLRQDO�LQFHQWLYHV�IRU�JURZLQJ�VSHFL¿F�
YDULHWLHV�

$FFRUGLQJ�WR�LQIRUPDWLRQ�VXSSOLHG�E\�3ODLQV*ROG��³2XU�XQLTXH�DSSURDFK�WR�ZKHDW�YDULHW\�GHYHORSPHQW�LV�EDVHG�
RQ�D�¿UP�IRXQGDWLRQ�RI�¿HOG�WHVWLQJ��$OO�3ODLQV*ROG�YDULHWLHV�DUH�WHVWHG�LQ�RQH�RI�WKH�FRXQWU\¶V�VWURQJHVW�¿HOG�
WHVWLQJ�SURJUDPV�ZLWK�PRUH�WKDQ����ORFDWLRQV��2QO\�WKH�EHVW�YDULHWLHV�IURP�WKHVH�WULDOV�DUH�UHOHDVHG�DQG�DOO�QHZ�
DQG�H[LVWLQJ�3ODLQV*ROG�YDULHWLHV�FRQWLQXH�SDUWLFLSDWLRQ�LQ�WKH�WHVWLQJ�SURJUDP�WR�SURYLGH�ZKHDW�IDUPHUV�DFURVV�
WKH�KLJK�SODLQV�UHJLRQ�ZLWK�WKH�\LHOG�DQG�TXDOLW\�LQIRUPDWLRQ�WKH\�QHHG�WR�PDNH�LQIRUPHG�GHFLVLRQV�RQ�WKHLU�
IDUP�´

How Planting PlainsGold Seed Supports Public Wheat Breeding
Glenda Mostek
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³:KHDW�EUHHGHUV�LQ�RXU�SURJUDP�KDYH�
FRQVLVWHQWO\�PDGH�DGYDQFHV�LQ�ZKHDW�JHQHWLFV�
DKHDG�RI�PRVW�SULYDWH�UHVHDUFK�SURJUDPV�´�
VDLG�'DQ�$QGHUVRQ��&:5)�FKDLUPDQ��³7KHVH�
DGYDQFHV��FRPELQHG�ZLWK�RQH�RI�WKH�ODUJHVW�WULDO�
SURJUDPV�LQ�WKH�FRXQWU\��HQVXUH�ZKHDW�IDUPHUV�
KDYH�KLJK�TXDOLW\�FKRLFHV�ZLWK�WKH�GDWD�WKH\�QHHG�
WR�VHOHFW�D�YDULHW\�WKDW�DOLJQV�ZLWK�WKHLU�LQGLYLGXDO�
SURGXFWLRQ�JRDOV�´

'HVSLWH�VWURQJ�FRPSHWLWLYH�SUHVVXUH�LQ�&RORUDGR�
DQG�WKH�KLJK�SODLQV��3ODLQV*ROG�YDULHWLHV�DUH�
RQ�HYHQ�PRUH�DFUHV�LQ������WKDQ��������0RUH�
WKDQ����SHUFHQW�RI�ZKHDW�DFUHV�LQ�&RORUDGR�
DUH�FXUUHQWO\�SODQWHG�LQ�3ODLQV*ROG�YDULHWLHV��
,Q�IDFW��ZKHQ�ORRNLQJ�DW�WKH�QHDUO\����SHUFHQW�
RI�&RORUDGR�DFUHV�SODQWHG�ZLWK�FHUWL¿HG�VHHG��
3ODLQV*ROG�YDULHWLHV�DUH�RQ����SHUFHQW�RI�WKRVH�
DFUHV��

1RZ��3ODLQV*ROG�LV�H[SDQGLQJ�LQWR�PRUH�VWDWHV��
LQFOXGLQJ�.DQVDV��1HEUDVND��:\RPLQJ��0RQWDQD��
6RXWK�'DNRWD�DQG�7H[DV��DV�YDULHWLHV�SURYH�
WKHPVHOYHV�RXWVLGH�RI�&RORUDGR��&:5)�UHSRUWV�
LW�DGGHG�PRUH�WKDQ����QHZ�VHHG�JURZHUV�EHWZHHQ�
6XPPHU������DQG�6SULQJ������

3ODLQV*ROG��EDVHG�LQ�)RUW�&ROOLQV��&RORUDGR��
FDQ�EH�UHDFKHG�DW���������������RU�
������:+($7�����RU�DW�ZZZ�SODLQVJROG�FRP���
7KH�HPDLO�DGGUHVV�LV�LQIR#SODLQVJROG�FRP�

3ODLQV*ROG�+DUG�5HG�:LQWHU�:KHDW�
9DULHWLHV�
3ODLQV*ROG¶V�HOLWH�KDUG�UHG�ZLQWHU�ZKHDW�YDULHWLHV�FRPELQH�
LPSUHVVLYH�\LHOGV�ZLWK�GLVHDVH�UHVLVWDQFH�DQG�RXWVWDQGLQJ�
TXDOLW\�WUDLWV��

%\UG
�� +LJK�'U\ODQG�DQG�,UULJDWHG�<LHOGV�
�� ([FHOOHQW�'URXJKW�7ROHUDQFH
�� ([FHOOHQW�0LOOLQJ�	�%DNLQJ�4XDOLW\

%UDZO�&/�3OXV�
�� &RQWURO�$QQXDO�*UDVV\�:HHGV�
�� +LJK�<LHOGV
�� ([FHOOHQW�7HVW�:HLJKWV

'HQDOL
�� +LJK�'U\ODQG�DQG�,UULJDWHG�<LHOGV�
�� ([FHOOHQW�7HVW�:HLJKWV

+DWFKHU
�� +LJK�'U\ODQG�<LHOGV
�� *RRG�'URXJKW�7ROHUDQFH

3ODLQV*ROG�+DUG�:KLWH�:LQWHU�:KHDW�
9DULHWLHV
+DUG�ZKLWH�ZLQWHU�ZKHDW�YDULHWLHV�UHPDLQ�DQ�XQGHUVHUYHG�
PDUNHW��3ODLQV*ROG�LV�D�OHDGHU�LQ�GHYHORSLQJ�KLJK�\LHOGLQJ�
KDUG�ZKLWH�ZLQWHU�ZKHDW�YDULHWLHV�WKDW�DUH�JRRG�IRU�PLOOLQJ�
DQG�EDNLQJ��7KHVH�KDUG�ZKLWH�ZKHDW�YDULHWLHV�DUH�VRXJKW�
DIWHU�LQ�WKH�8�6��DQG�DEURDG�WR�PDNH�ZKROH�JUDLQ�IRRG�
SURGXFWV�ZLWK�D�ORRN�DQG�WH[WXUH�VLPLODU�WR�UH¿QHG�ÀRXU��
2IWHQ�WKHVH�YDULHWLHV�DUH�LQ�VXFK�KLJK�GHPDQG�WKDW�
WKH\�FRPH�ZLWK�JXDUDQWHHG�SUHPLXP�SULFLQJ�RSWLRQV��
6QRZPDVV��IRU�H[DPSOH��LV�HOLJLEOH�IRU�WKH�&:5)�$UGHQW�
0LOOV�8OWUDJUDLQ��3UHPLXP�3URJUDP��

6QRZPDVV
�� +LJK�'U\ODQG�<LHOGV
�� 3UHPLXP�3ULFLQJ
�� ([FHOOHQW�%DNLQJ�4XDOLW\

7KXQGHU�&/
�� 3UHPLXP�3ULFLQJ
�� &RQWURO�$QQXDO�*UDVV\�:HHGV
�� +LJK�<LHOGV��(VSHFLDOO\�,UULJDWHG

$QWHUR�
�� +LJK�'U\ODQG�DQG�,UULJDWHG�<LHOGV�
�� ([FHOOHQW�WHVW�ZHLJKW

&RPLQJ�6RRQ�
$�KLJKHU�\LHOGLQJ�KDUG�ZKLWH�ZKHDW�YDULHW\�ZLWK�6QRZPDVV�
TXDOLW\�LV�FXUUHQWO\�EHLQJ�WHVWHG��&RQWLQXH�WR�ORRN�IRU�
XSGDWHV��LQFOXGLQJ�D�UHOHDVH�GDWH��RQOLQH�DW�ZZZ�
3ODLQV*ROG�FRP�
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