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The NDSU breeding program provides growers with the option of growing non-GMO varieties in the event that seed prices for GMO varieties get too expensive.  Growers have the option of purchasing non-GMO varieties that have been developed by North Dakota State University without paying a ‘technology fee’ and can then save their own seed.  This grant has four different objectives.  Besides development of non-GMO varieties, other goals provide data to aid growers in choosing among different private company varieties to identify the best variety for different soil types and pest problems.
To aid growers in identifying the best variety for different field situations, testing is conducted on soils prone to iron-deficiency chlorosis (IDC) and also on sites that are infested with Soybean Cyst Nematode (SCN).  Growers are also provided with information of the protein and oil content of private company varieties.  The reason for providing information on the protein and oil content of different varieties is to increase the value per bushel of soybean grown in this region.  All of these goals have the potential to increase grower profit.
The four specific research objectives included: i) to increase yield on IDC-prone soils and increase profit on those problem soils; ii) to enable private companies and growers to compare yield of SCN-resistant cultivars on sites that are infested with SCN.

iii) to provide soybean growers in North Dakota with non-GMO cultivars which are genetically superior to cultivars that are currently grown; iv) collection of grain samples from the Variety Fee Tests and reporting the protein and oil data in the NDSU Soybean Performance bulletin.
Growers benefit when varieties from different companies are compared at the same field sites because this enables growers to increase yield on fields that have soil or pest problems.  In 2018, yield data was collected on 40 private company Xtend and RR2 varieties at two sites that had IDC symptoms.  Choice of cultivar is the best method of increasing yield on fields with IDC.  Unfortunately, due to too much IDC and too much rain, this data was not reported.  
In 2018, four sites that were infested with Soybean Cyst Nematode (SCN) were planted with 27 Xtend and RR2 company varieties to test for SCN resistance.  The private companies choose which of their varieties that they wish to enter in these tests.  Yield varied from a low of 48.7 to a high of 69.3 bu/acre.  An additional experiment was planted to evaluate 10 Liberty Link and non-GMO cultivars at four sites that were infested with SCN.  There are genetic differences among varieties for the level of resistance to SCN and also for yield.  This data is important for growers because the results help growers to identify the best variety for their fields that are infested with SCN.  The four SCN-infested soil test sites included Absaraka, Colfax, Galesburg, and Prosper, ND.  This data was published in the ‘North Dakota Soybean Performance Bulletin (A-843) and also online.

In 2018, grain samples for protein and oil analyses were collected for all company varieties entered in the LaMoure, Grandin, Arthur, Hankinson, Milnor and Walcott, ND testing sites.  These samples were analyzed and the data was reported in the ‘North Dakota Soybean Performance Bulletin (A-843)’. 
As part of the continuing process of developing new non-GMO lines, 4872 plant-rows were planted in the spring of 2018.  In the 2018 growing season, 1584 new, non-GMO experimental lines were evaluated for yield for the first time in replicated tests.  In the 2018 growing season, 250 experimental lines were tested for the second year of yield evaluation.  Fifty experimental lines were evaluated for the third year of yield testing in the 2018 growing season.  These advanced experimental lines vary in maturity from a 00.7 to a 1.2 relative maturity.  
‘ND Rolette’ was first tested as ND12-15647 with a relative maturity of 00.9.  ND Rolette was released in January of 2019 as a non-GMO type.  ND Rolette has very high yield for its maturity (Table 1, 2 and 3).  ND Rolette is resistance to Race 3 & 4 of phytophthora root rot, is resistant to lodging and has very good IDC tolerance.  ND Rolette is tolerant to metribuzin herbicide.  It does not have SCN resistance.  
Table 1.  Performance data for ND Rolette soybean in Northern tier of North Dakota counties, Langdon, Park River, Minot, Williston 2016-2018.
	Entry
	Maturity#
	Yield

	No. sites
	10
	11

	ND Rolette
	11-Sep
	45.1

	Asgrow AG 00932
	12-Sep
	42.3

	ND Henson
	12-Sep
	43.2


#Maturity: date of 95% brown or tan pods.
Table 2.  Performance data for ND Rolette soybean in Southeast North Dakota, including Carrington and Dazey 2015-2018.

	Entry
	Maturity#
	Lodging*
	IDC**
	Rps
	SCN
	Yield

	No. sites
	32
	3
	13
	
	
	32

	ND Rolette
	6-Sep
	2.1
	1.8
	Race 4
	No
	49.7

	Asgrow AG 00932
	7-Sep
	2.0
	1.9
	
	No
	45.0

	ND Henson
	7-Sep
	2.1
	2.3
	Race 4
	No
	46.8

	ND Benson
	13-Sep
	1.7
	2.0
	Race 4
	Yes
	51.6


#Maturity: date of 95% brown or tan pods.
*Lodging scale: 1- upright, 3- leaning 45 degrees, 5- flat on ground.
**Iron-deficiency chlorosis visual rating scale: 1- green, 3- yellow, 5- dead.

Table 3.  Performance of ND Rolette versus a newly released Asgrow RR2 variety in Southeast North Dakota, based on 2018 data.

	Entry
	Maturity#
	Yield

	No. sites
	8
	8

	ND Rolette
	2-Sep
	52.3

	AG 00937
	7-Sep
	52.9


#Maturity: date of 95% brown or tan pods.
Each year, advanced experimental lines are identified that look promising and seed of these lines is purified and increased.  Seed of ND13-4508 is a non-GMO type that was approved in March of 2019 for pre-release.  ND13-4508 is a 0.7 relative maturity group cultivar.  ND13-4508 has resistance to Race 3 of phytophthora root rot.  ND13-4508 has good IDC tolerance and is resistant to lodging.  Averaged across three years of multiple-site yield testing, ND13-4508 has yielded 2.2 bu/acre more than ‘ND Stutsman’ and is the same maturity as ND Stutsman (Table 4).  ND13-4508 is very competitive with the Asgrow AG0835 cultivar, which is a newer RR2 type (Table 5).  Contingent on the results of the 2019 performance evaluation, ND13-4508 could be recommended for release as a named cultivar in January of 2020.  
Table 4.  Performance of experimental soybean line ND13-4508 in Southeast North Dakota, based on 2016 – 2018 data.
	Entry
	Maturity†
	Lodging#
	IDC*
	Rps
	SCN
	Yield

	No. sites
	24
	3
	10
	
	
	24

	ND Henson
	7-Sep
	2.1
	2.3
	Race 4
	No
	46.1

	Asgrow AG 0333
	12-Sep
	1.6
	2.4
	
	No
	53.8

	ND Benson
	12-Sep
	1.7
	2.0
	Race 4
	Yes
	51.8

	ND13-4508
	16-Sep
	2.1
	1.9
	Race 3
	No
	58.3

	ND Stutsman
	16-Sep
	2.2
	1.9
	Race 3
	No
	56.1

	Asgrow AG 0832
	19-Sep
	1.9
	2.3
	
	No
	58.2


†Maturity: date of 95% brown or tan pods.

#Lodging: 1- upright, 3 – leaning 45 degrees, 5 – flat on ground.
*IDC: iron-deficiency chlorosis score 1 – green, 3- yellow, 5 – dead.

Table 5.  Performance of experimental soybean line ND13-4508 in Southeast North Dakota, based on 2018 data.

	Entry
	Maturity†
	Lodging#
	IDC*
	Yield

	No. sites
	9
	1
	2
	9

	ND Henson
	3-Sep
	2.1
	2.2
	46.4

	Asgrow AG 0333
	7-Sep
	1.6
	2.7
	50.5

	ND Benson
	10-Sep
	1.7
	2.2
	52.6

	ND13-4508
	11-Sep
	2.1
	2.1
	61.8

	ND Stutsman
	14-Sep
	2.2
	2.1
	59.8

	Asgrow AG 0832
	16-Sep
	1.9
	2.6
	59.4

	Asgrow AG 0835
	14-Sep
	2.7
	2.3
	60.1


†Maturity: date of 95% brown or tan pods.

#Lodging: 1- upright, 3 – leaning 45 degrees, 5 – flat on ground.
*IDC: iron-deficiency chlorosis score 1 – green, 3- yellow, 5 – dead

Growers would like to be able to identify varieties that have high yield on SCN-infested soil.  Soybean growers would like yield data on fields that have a past history of IDC (iron-deficiency chlorosis).  This data will help them choose the best variety for different fields.  Growers benefit when they have the option of planting non-GMO varieties because this gives them an alternative to purchasing expensive seed of GMO types each year.

The NDSU breeding program provides growers with the option of growing non-GMO varieties.  Growers have the option of purchasing non-GMO varieties that have been developed by North Dakota State University without paying a ‘technology fee’ and can then save their own seed.  The non-GMO varieties developed by NDSU provide growers with an alternative to the use of glyphosate and permit different herbicides to be rotated in soybean fields across different years.  
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