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Grant Proposal


North Central Region Canola Research, FY 2009

Development of spring canola lines for biodiesel applications in the North Central Region

Budget Justification

Year 1



A salary funds are requested to pay an undergraduate student to develop field work in the canola nursery and field trials during the summer months. The hourly rate is $ 9.50 and the worker is expected to work eight hours per day. Fringe benefits are 15% of the salary ($ 975).


Facilities rental: 



A total of $ 35,000 is being requested for facilities rental for winter nursery in Chile. This will allow us to add one more inbreeding cycle in a year. This is necessary for any breeding program in the North America to expedite breeding program.


Travel:


Funds are requested for domestic travel to Prosper, ND (80 trips). Prosper is 35 miles round-trip and mileage is charged at $ 0.29 per mile. In addition, $ 3500 is requested for a four days trip to the winter nursery in Chile. The funds include a round-trip ticket price to Santiago, Chile, lodging and meals, and for car rental.


Materials and Supplies:


Pollination bags

$   480



Vinil loop-tags

$   270


2 handheld data-logger
$   450



Total M&S


$ 1200

Year 2



A salary funds are requested to pay an undergraduate student to develop field work in the canola nursery and field trials during the summer months. The hourly rate is $ 9.50 and the worker is expected to work eight hours per day. Fringe benefits are 15% of the salary ($ 975).


Travel:

Funds are requested for domestic travel as follows:


		Location

		No of trips

		Miles round trip

		Cost per mile ($)

		Total 


($)



		Prosper

		60

		35

		0.29

		609.00



		Carrington

		4

		300

		0.29

		348.00



		Langdon

		4

		400

		0.29

		464.00



		Minot

		2

		540

		0.29

		313.20



		Total

		

		

		

		1,734.20





Meals are computed for two persons at $ 25/person/day for 20 days, and lodging is computed for two persons at $ 120 per day for ten days.


Domestic travel

$ 1734.20

Meals



$  1000.00


Lodging


$  1200.00


Total domestic travel

$ 3934.20


In addition, $ 3500 is requested for a four days trip to the winter nursery in Chile. The funds include a round-trip ticket price to Santiago, Chile, lodging and meals, and for car rental.


Facilities rental: 



A total of $ 35,000 is being requested for facilities rental for winter nursery in Chile. This will allow us to add one more inbreeding cycle in a year. This is necessary for any breeding program in the North America to expedite breeding program.


Materials and Supplies:


Pollination bags

$    515



Vinil loop-tags

$    237



Field stakes


$    450



Sample bags


$   1148




Total M&S


$  2350


Year 3



A salary funds are requested to pay an undergraduate student to develop field work in the canola nursery and field trials during the summer months. The hourly rate is $ 9.50 and the worker is expected to work eight hours per day. Fringe benefits are 15% of the salary ($ 975).


Travel:

Funds are requested for domestic travel as follows:


		Location

		No of trips

		Miles round trip

		Cost per mile ($)

		Total 


($)



		Prosper

		60

		35

		0.29

		609.00



		Carrington

		4

		300

		0.29

		348.00



		Langdon

		4

		400

		0.29

		464.00



		Minot

		2

		540

		0.29

		313.20



		Williston

		1

		850

		0.29

		246.50



		Hettinger

		1

		840

		0.29

		243.60



		Total

		

		

		

		2,224.30





Meals are computed for two persons at $ 25/person/day for 24 days, and lodging is computed for two persons at $ 120 per day for twelve days.


Domestic travel

$ 2224.30

Meals



$  1200.00


Lodging


$  1440.00


Total domestic travel

$ 4864.30


In addition, $ 3500 is requested for a four days trip to the winter nursery in Chile. The funds include a round-trip ticket price to Santiago, Chile, lodging and meals, and for car rental.


Materials and Supplies:


Pollination bags

$   206



Vinil loop-tags

$   110



Field stakes


$   150



Sample bags


$   765




Total M&S


$  1231



Vitae and Publication List


Phillip McClean

Department of Plant Sciences





 Voice: 701/231-8443


Loftsgard Hall







     Fax: 701/231-8474

North Dakota State University

     
    
      E-mail: phillip.mcclean@ndsu.edu


Fargo, ND 58105


EDUCATION


1977

B.S., Metropolitan State College, Department of Biology 


1980

M.S., Colorado State University, Department of Agronomy 


1982

Ph.D., Colorado State University, Department of Agronomy 


1982

Postdoctoral Fellow, University of Virginia, Department of Biology 


1984

Postdoctoral Fellow, University of Missouri, Division of Biological Sciences


PROFESSIONAL EXPERIENCE


1985-1991
Assistant Professor, Department of Plant Sciences, North Dakota State


University 


1991-1998
Associate Professor, Department of Plant Sciences, North Dakota State


University


1995–1998
Director, Cellular and Molecular Biology Program, North Dakota State


University


1998-present 
Professor, Department of Plant Sciences, North Dakota State University


2002-present
Director, Genomics and Bioinformatics Program, North Dakota State University


PROFESSIONAL ACTIVTIES


1994-Present
Curator, BeanGenes Database


1995-Present
Member, Bean Genetics Committee


1996-1997
Board Member, American Society of Agronomy 


1996-1997 Chairman, American Society of Agronomy, Computer Software Scene


1995-1998 Associate Editor, Journal of Quantitative Trait Loci


PROFESSIONAL HONORS

1994

Excellence in Teaching, Early Career, College of Agriculture, North


Dakota State University

1998

Peltier Award for Innovative Teaching, North Dakota State University


1999

Distinguished Achievement Award, Bean Improvement Cooperative


1999

Innovative Excellence in Teaching, Learning and Technology Award


10th International Conference of College, Teaching, Learning and Technology


2000

Excellence in Teaching, Senior Career, College of Agriculture, North


Dakota State University


SELECTED RELEVANT RECENT PUBLICATIONS

Vallad, G., M. Rivkin, C. Vallejos, and P. McClean. 2001. Cloning and homology modeling of a Pto-like protein kinase family of common bean (Phaseolus vulgaris L.). Theor. Appl. Genet. 103:1046-1058.


Bassett, M.J., R. Lee, C. Otto, and P.E. McClean PE, 2002. Classical and molecular genetic studies of the strong greenish yellow seedcoat color in 'Wagenaar' and 'Enola' common bean.  J Amer Soc Hort Sci.  127:50-55.


Bassett,  M.J., R. Lee, T. Symanietz, and P.E. McClean.  2002.  Inheritance of reverse margo seedcoat pattern and allelism between the genes J for seedcoat color and L for partly colored seedcoat pattern in common bean .  J Amer Soc Hort Sci.  127:56-61.


McClean, P.E., R.K. Lee, C. Otto, P. Gepts, and M.J. Bassett.  2002. Molecular and phenotypic mapping of genes controlling seed coat color and pattern in common bean (Phaseolus vulgaris L.). J Heredity 93:148-152.


Erdmann, P.M., R.K. Lee, M.J. Bassett, and P.E. McClean.  2002.  A molecular marker tightly linked to P, a gene required for flower and seedcoat color in common bean (Phaseolus vulgaris L.) contains the Ty3/gypsy retrotransposon Tpv3g.  Genome 45:728-736.


Strausbaugh, CA, Myers, JR, Forster, RL, McClean, PE.  2003. A quantitiative method to screen common bean plants for resistance to Bean common mosaic necrosis virus.  Phytopathology 93:1430-1436.


McClean PE, Lee RK, Miklas PM.  2004.  Sequence diversity analysis of dihydroflavonol 4-reductase intron 1 in common bean.  Genome 47:266-280.


Daniels, LM, McClean, P, Saini-Eidukat, B, Schwert, DP, Slator, BM, Terpstra J, White, AR, Addicott, K.  2005.  Effects of teaching sScience through immersive virtual environments. In Ma, Z (ed), Web-based Intelligent e-Learning Systems: Technologies and Applications, Idea Group, Inc., Hershey, PA pp 271-290.


McClean P, Gepts P, Kami J. 2005. Genomics and genetic diversity in common bean. In: Wilson RF, Stalker HT, Brummer EC (eds.), Legume crop genomics. AOCS Press, Champaign, IL: pp. 60-82.


McClean, PE, Johnson, C, Rogers, R, Daniels, L, Reber, J, Slator, BM, Terpstra, J, and White, AR.  2005. Molecular and cellular biology animations: development and impact on student learning.  Cell Biology Education.  4: 169-179.


McConnell, M.D., Mamidi, S., Lee, R.K., and McClean  2006.  DNA sequence polymorphisms among common bean genes.  Annual Report of Bean Improvement Cooperative 49:(in press).


Slator, BM, Beckwith, R, Brandt, L, Chaput, H, Clark, JT, Daniels, LM, Hill, C, McClean, P, Opgrande, J, Saini-Eidukat, B, Schwert, DP, Vender, B, and White, AR.  2006. Electric Worlds in the Classroom: Teaching and Learning with Role-based Computer-Games.  Teachers College Press, New York.

McClean PE, and Lee RK. 2007. Genetic architecture of chalcone isomerase non-coding regions in common bean (Phaseolus vulgaris L.) Genome 50:203-214.


Gelin JR, Forster S, Grafton KF, McClean PE, and Rojas-Cifuentes GA.  2007. Analysis of seed-zinc and other nutrients in a recombinant inbred population of navy bean (Phaseolus vulgaris L.) Crop Science 47: 1361-1366.


McClean PE, Lavin M, Gepts P, and Jackson SA. 2007. Phaseolus vulgaris L.: A diploid model for soybean. In: Stacey G (ed), Genomics of Soybean. Springer Science+Business Media, LLC, New York (in press).


Gepts P, Aragão F, de Barros E, Blair, MW, Brondani R, Broughton WJ, Galasso I, Hernández G, Kami J, Lariguet P, McClean P, Melotto M, Miklas P, Pauls P, Pedrosa-Harand A, Porch T, Sánchez F, Sparvoli F and Yu K. 2007. Genomics of Phaseolus beans, a major source of dietary protein and micronutrients in the Tropics. In: Moore PH, and Ming R (Eds), Genomics of Tropical Crop Plants. Springer, Berlin, in press.


Wang J, McClean P, Lee R, Goos RJ, and Helms T. 2008.  Association mapping of iron deficiency chlorosis loci in soybean (Glycine max L. Merr.) advanced breeding lines. Theoretical and Applied Genetics (in press).


Schlueter JA, Goichochea JL, Gill V, Lin J-Y, Yu U, Collura K, Vallejos, Thome J, Blair M, McClean P, Wing R, Jackson SA. 2008. BAC-end sequence and a draft physical map of the common bean (Phaseolus vulgaris L.) genome. Tropical Plant Biology (in press).


PAGE  




Project Summary


Development of spring canola lines for biodiesel applications in the North Central Region

Abstract

Canola has emerged as an important oilseed crop mainly grown in the Northern Plains region in United States. One factor for the growth is the emergence of canola-based biodiesel industry in this region. The current cultivation of canola in United States is about one million acre. The demand of canola oil for human consumption and feedstock for biodiesel industry will require a five-fold increase of production. The projected demand of canola oil can be satisfied by increasing acreage and development of agronomically suitable high oil content canola cultivar in Northern Plains region. Increased acreage and seed oil/acre can reduce dependency on Canadian canola import significantly. Therefore, the NDSU canola breeding program is developing high oil containing germplasm with improved traits for biodiesel applications to the North Central Region. The canola breeding program has been initiated at the North Dakota State University in 2006. This project will augment (not duplicate) those current activities.  In general our objectives are:


· Develop high oil content spring canola germplasm


· Create canola germplasm with properties suitable for biodiesel applications in the North Central region of the United States


To achieve those objectives, we will build on past progress where we identified several potential lines with high oil/acre in the ND environment. The lines were used for diallel cross to pyramid favorable oil contributing genes to develop superior lines. In the first year of this project approximately 30 F2 populations will be evaluated, and advanced to F2:3 generation of inbreeding in the summer nursery in 2009. About 1000 F2 families (F3 seed) will be selected and will send to a winter nursery for generation advancement during winter 2009-10. In the second year, the F3 families (F4 seed) collected from the winter nursery will be used to conduct early generation testing in 2010 at three locations in North Dakota. The lines will be evaluated for oil content, fatty acids composition, disease resistant and other agronomic characters. Seed of the best performing lines will be increased in a winter nursery and evaluated performance stability at an alternate environment. In the third year (2011), the better performing lines will be entered into preliminary field trials. Field trials will be conducted at six locations in North Dakota using appropriate field designs. Evaluation of the lines will include seed yield, seed moisture at harvest, seed oil content and fatty acid composition, days to flowering, relative maturity, standability, resistance to blackleg and SSR, and other agronomic traits. The superior lines will be selected at the end of third year and will be released to the canola growers for cultivation.



Grant Proposal


North Central Region Canola Research, FY 2009

Development of spring canola lines for biodiesel applications in the North Central Region


1. Introduction


Background.  Oilseeds is one of the fastest growing agricultural markets.  It is driven by 1) the emerging and rapidly growing biodiesel industry, which uses canola and other oilseeds as feedstock; 2) shifts in demand for healthful oil traits in the United States and elsewhere; and 3) by the combined effects of increased demand for oils in foods world-wide.  Oilseeds are strategic crops of great importance to North Dakota.  We are the largest producer of canola, a crop with a number of important attributes.  The oil content per acre of canola is high and exceeds that of soybeans and other competing crops.  Its healthy attributes make it desirable for the food industry, and its cold-flow properties and lubricity properties make it a valuable feedstock for biodiesel production.  The major factor limiting the growth of these sectors is the supply of canola as a feedstock.



Specifics.  Canola-based biodiesel is a growth industry in the Northern Plains of the United States with new processing plants under construction or in planning stages.  Expansion of this industry will reduce US dependency on foreign fossil-based fuels.  The production of canola (Brassica napus), a favored feedstock for the biodiesel industry, is centered in this region.  Currently production does not meet the demand from these plants.  Additionally, demand for canola for human consumption is increasing.  The estimated short-term demand for canola feedstock by the biodiesel and human oil industries will require 5 million acres annually, a five-fold increase in production.  Canola production in the Northern Plains also overlaps with other energy crops.  

Canola is one of the most important oilseed crops cultivated in many parts of the world. It ranks as the world's second largest oilseed producing crop next to soybean. Global demand on oils production is increasing rapidly, and the present production is unable to meet the required demand. Canola seed contained higher oil per acre compared to soybeans, 80 gallons vs. 60 gallons. Low level of saturated fat in canola oil improves its cold flow properties. Recently, canola oil is being used for the production of biodiesel for transportation industries. This formulation generates fewer emissions, reduces CO2, particulate matter, and volatile organic matter in the atmosphere and provides better lubrication and low sulfur emissions in a large number of vehicles. This later aspect is particularly more important for the biodiesel market development for which the production cost must be as low as possible (Coltrain, 2002). For the crushing industry, the main value of canola is linked to the oil content of the harvested seed. Therefore, increasing seed oil remains an important objective of canola breeding (Delourme et al., 2006). Quantitative genes with additive and epistatic gene action control the oil and protein contents in seed (Grami and Stefansson 1977).

Although seed oil is controlled by genetic factors, environment factors are also important (Leon and Becker 1995). Because of the environmental conditions, a high correlation between selection and target environments must be significant for selection to be efficient (Fehr, 1987). It has been reported that oil content is highly heritable character in Brassica seed (Becker et al. 1999). Different research groups identified various numbers of genes that control the oil content in Brassica seed (Zhao et al. 2005, Zhao et al. 2006). These findings strongly support the concept that content can be increased by conventional plant breeding methods.



Plant selection is an important criterion for the development of high oil cultivars. For example, a 4% kernel oil contained maize line was improved to 20% kernel oil contained line by using 28 cycles of selection (Alexander 1988). In United States, soybean acres are being replaced by corn in the southern region which opened an opportunity for canola in the northern regions. The Northern Plains is the major canola growing region, and biodiesel processing plants have been established in this area. These bring a large economic value to the economy.



Keeping all these aspects in mind, we have taken a four year breeding scheme to evaluate canola lines in the field by maximizing the exposure of the breeding lines to more than 11 environmental conditions. We will use winter nursery facilities in Chile to expedite progress. This will allow for the production of seed for field testing early in the inbreeding process. This will also allow us to evaluate the performance of lines in other environmental conditions.



Current work.  Breeding work was initiated by the Center of Excellence for AgBiotechnology, Oilseeds (COE), during the winter of 2006-07 by crossing spring canola lines selected in 2006. Three hundred spring canola lines (offered for evaluation by Monsanto, our corporate sponsor) were evaluated for grain yield, standability, plant height, days and growing degree units (GDU) from planting to 10 and 90% flowering, flowering window (days and GDU), relative maturity compared to 357RR Magnum (check), and oil and protein content. Field trials were conducted at Prosper, Minot, Carrington, Langdon and Williston, North Dakota. Around 100 lines were pre-selected based on seed yield and seed oil content. From them, 35 lines were selected based on yield of oil per acre and agronomic traits as parents of the segregating populations that were developed in order to combine desirable traits. On the basis of oil production/acre, six superior lines were identified and intra-crossed to develop superior lines from segregating populations. Also, double-crosses between selected F1 hybrids and crosses with public rapeseed germplasm are being developed to attain the same objectives.  These crosses are being made to increase the variability of the germplasm in the program.


In addition, a disease nursery was designed in cooperation with Dr. Luis del Rio (Canola research, Dept of Plant Pathology, NDSU). Research focused on: 1) the development of artificial inoculation methods to evaluate resistance to blackleg. Besides determining the level of resistance of the lines we will be evaluating the impact of blackleg infection on seed yield, seed oil content and oil/acre; and 2) evaluation of germplasm for resistance to Sclerotinia Stem Rot (SSR). The first evaluation will be made in the greenhouse using the PIT methodology. The experimental units will be screened for physiological resistance reactions, and superior canola genotypes will be identified. The second evaluation will be conducted under field conditions in the summer of 2009 at the Prosper Research Extension Center (Prosper, ND). Testing and quality evaluation of canola lines for composition and biodiesel use will be performed by the NDSU Dept. of Ag. and Biosystems Engineering, in the framework of the recently-funded Center of Excellence for AgBiotechnology, Oilseeds. 


Project personnel.  Dr. Phillip McClean and Dr. Mukhlesur Raman are the co-principal investigator.  Dr. McClean is associate director of the Center of Excellence for Oilseed Development.  His responsibilities are in the area of plant breeding and line development.  Dr. Raman is an employee of the center as the principal plant breeder.  He manages the day-to-day activities of the breeding program.  These two researchers collectively to set the long-term goals of the program and will implement these goals in a manner that ensures success.



It is important to note that this grant is requesting funds to augment the funds currently allocated to the center.  The research that is being proposed is outside the activities that are currently supported by the center.


2. Objectives

i. Develop high oil content spring canola germplasm


ii. Create canola germplasm with properties suitable for biodiesel applications in the North Central region of the United States


3. Rationale and Significance



Increasing the seed oil content in canola is an important breeding objective because of the economic value of the oil. In North Dakota, the construction of at least two new plants devoted to the production of biodiesel from canola oil will increase the demand of canola up to three-fold in the next years (Eric Mark, Archer Daniels Midland Co., personal communication). Increasing oil content in the seed by 1% would be worth an addition of $8/mt of seed price.  This in turn will provide better financial return to the growers and the biodiesel industry (Eric Mark and collaborated by market research studies). The increasing demand for canola oil can be fulfilled by: 1) importing canola from Canada; 2) increasing the acreage devoted to canola in North Dakota; 3) increasing canola seed yields in North Dakota; 4) increasing the percentage of oil in canola commercial cultivars; or 5) by combining the last three options. From a breeding and genetics perspective, improvement of canola for seed yield and seed oil content to meet the needs of both farmers and oilseed industry implies an expensive challenge. This project will meet the challenge by releasing improved spring canola lines to be used as open-pollinated cultivars by farmers or develop inbred lines (A lines and B lines) for hybrid cultivar development, or as parents in other breeding programs. The funds from this proposal will complement the budget that the NDSU Canola Breeding Program obtained from the Center of Excellence for AgBiotechnology, Oilseeds.  Specifically, a greater number of lines will be developed and evaluated, and the breeding process will be accelerated by planting and evaluating winter nurseries. 

4. Approach:


Year one (2009-2010).  New line development was initiated during the winter of 2007 by crossing spring canola lines selected in 2006. Selection criteria included high seed oil content, seed yield, and other important agronomic traits. Segregating populations developed to combine desirable characteristics are being grown at greenhouse facilities at NDSU. New crosses were developed during the winter of 2008 among selected lines from preceding summer trial. Two generations of inbreeding is being achieved during the winter of 2008-09 and approximately 30 F2 populations will be planted, evaluated, and advanced to F2:3 level of inbreeding in the 2009 summer nursery. Traits to be evaluated are days to flowering, standability, resistance to blackleg and sclerotinia stem rot (SSR), relative maturity compared with standard checks, and average oil content. Selection will be performed among and within populations. Seed from each selected F2 plant will be sent to a winter nursery location and grown in individual rows. Three to five plants per row will be self-pollinated and advanced to the F3:4 generation, and planted in individual rows in the summer of 2010. The remainder of each row will be bulk-harvested, and the seed will be used to conduct early generation testing (EGT) in 2010.



Year two (2010-2011).  Lines collected from the year one winter nursery will be evaluated for oil content and then evaluated in an early generation testing (EGT) nursery that will be grown at three locations in North Dakota: Prosper, Minot, and Langdon.  These trials will use appropriate field designs and number of replications according to the number of entries for each experiment. Experimental units will consist of 6-row plots (48” width by 15’ length) with 8” distance between rows. The experimental units will be seeded to attain a plant density between 10 to 15 plants per square foot, swathed at ripening, and then harvested. The lines will be evaluated for seed yield, seed moisture at harvest, seed oil content and fatty acid composition, days to flowering, relative maturity, standability, resistance to blackleg and SSR, and other agronomic traits. Three to five plants per row will be self-pollinated and advanced to the F4:5 generation.  These plants will be planted in individual rows in the winter nursery of 2011. Three to five plants per row will be self-pollinated and advanced to F5:6 generation and in turn planted in individual rows in the summer of 2012. The remainder of each row will be bulk-harvested, and the seed used to conduct preliminary field trials (PFT) in 2012. Field trials will be conducted at six locations in North Dakota: Prosper, Minot, Langdon, Carrington, Hettinger and Williston using appropriate field designs and number of replications according to the number of entries of each experiment. The experimental units will consist of 6-row plots (48” width by 15’ length) with 8” distance between rows. The experimental units will be seeded to attain a plant density between 10 to 15 plants per square foot, swathed at ripening, and then harvested. Experimental data for each line will include seed yield, seed moisture at harvest, seed oil content and fatty acid composition, days to flowering, relative maturity, standability, resistance to blackleg and SSR, and other agronomic traits. 



Year three (2011-2012). Seed from individual plants of selected lines will be grown in the winter nursery, purified, and bulked to conduct advanced field trials in 2012. Evaluation will be conducted as described for year 2 at six locations in North Dakota and the lines identified as potentially improved will be entered in canola variety trials. A simplified scheme of the procedures to attain the objective is shown in the Project Timetable.


Project Timetable.  This project will be completed under the timetable found in Table 1.  The table lists the season a specific aspect of the project will be completed, the plant breeding generation that will be tested during that season, the location of the test, and the specific traits that will be selected in that particular generation.

Table 1. Canola breeding project timetable.


		Season

		Generation

		Place

		Trait selected



		Fall 2008

		Line A x Line B

		GH

		 



		Spring 2009

		F1

		GH

		 



		Summer 2009

		F2

		Field

		BL, SSR, OIL, AGR



		Fall 2009

		F2:3

		WN

		



		Summer 2010

		EGT (F3:4)

		Field

		YIELD, MOIST, BL, 

SSR, OIL, AGR



		Fall 2010

		F4:5

		WN

		



		Summer 2011

		PFT (F5:6)

		Field

		YIELD, MOIST, BL 

SSR, OIL, AGR



		Fall 2011

		F6:7

		WN

		 



		Summer 2012

		AFT

		Field

		YIELD, MOIST, BL, 

SSR, OIL, AGR 



		Fall 2012

		

		

		Final selection and increase of potential releases





Abbreviations: GH: greenhouse; WN: winter nursery; EGT: early generation testing; PFT: preliminary field trials; AFT: advanced field trials; BL: blackleg; SSR: Sclerotinia stem rot; OIL: seed oil content and fatty acid composition; AGR: agronomic traits.


5. Outreach/Extension Activities

The demand of canola feedstock is increasing and for biodiesel production in North Dakota. Indeed, most germplasm had been developed elsewhere, and as a result the crop is underperforming relative to potential in North Dakota.  Therefore, the research commitment to the development germplasm for these areas will have a positive impact to increase the potentiality of the crop in the growers’ field. We have taken the breeding effort to improve the genetics of the crop for high seed yield, high oil content, and disease resistant cultivars. Moreover, we will be developing materials that have unique agronomic adaptations (warmer and drier environments) and improved agronomic traits (reduced shattering). All these activities will be presented to growers and the appropriate commodity group. This information will assist them as they plan for the growing year.

References


Becker, H.C., H. Löptien, and G. Röbbelen. 1999. Breeding: an overview. In: Gomez-Campo C (ed) Biology of Brassica coenospecies. Elsevier, Amsterdam, pp 413–460

Alexander, D.E. 1988. Breeding special nutritional and industrial types. In: G.F. Sprague and J.W. Dudley (Eds.), Corn and Corn Improvement, American Society of Agronomy, pp. 869–880

Coltrain, D. 2002. Biodiesel: Is it worth considering? Risk and profit conference. Kansas State University. On-line. Available at: http://www.agmanager.info/agribus/energy/Biodiesel %20Is %20it%20Worth%20Considering.pdf

Delourme, R., C. Falentin, V. Huteau, V. Clouet, R. Horvais, B. Gandon, S. Specel, L. Hanneton, J.E. Dheu, M. Deschamps, E. Margale, P. Vincourt, and M. Renard. 2006. Genetic control of oil content in oilseed rape (Brassica napus L.). Theor. Appl. Genet. 113:1331-1345


Fehr, W.R. 1987. Principles of cultivar development. Vol. 1: Theory and Technique. Iowa State Univ., Ames, IA.


Grami, B., and Stefansson. 1977. Gene action for protein and oil content in summer rape. Can. J. Plant Sci. 57:625-631

Leon, J., and H.C. Becker. 1995. Rapeseed genetics. In: Diepenbrock W, Becker HC (eds) Physiological potentials for yield improvement of annual oil and protein crops. Blackwell Wiss Verl, Berlin, pp 53–90

Zhao, J., H.C. Becker, D. Zhang, Y. Zhang, and W. Ecke. 2005. Oil Content in a European x Chinese Rapeseed Population. QTL with Additive and Epistatic Effects and Their Genotype–Environment Interactions. Crop Sci. 45:51-59


Zhao, J., H.C. Becker, D. Zhang, Y. Zhang, and W. Ecke. 2006. Conditional QTL mapping of oil content in rapeseed with respect to protein content and traits related to plant development and grain yield. Theor. Appl. Genet.  113:33-38

6. Personnel support


i. Principal Investigator:
Dr. Phillip E. McClean


Department of Plant Sciences
Loftsgard Hall 270B
North Dakota State University
Fargo, ND 58105-5051
Phone: (701) 231-8443; Fax: (701) 231-8474
E-mail: phillip.mcclean@ndsu.edu

Organization: Department of Plant Sciences and Center of Excellence on AgBiotechnology Oilseeds, North Dakota State University


ii.   Co-Principal Investigator:
Dr. Md Mukhlesur Rahman

Department of Plant Sciences


370 B Loftsgard Hall


North Dakota State University


Fargo, ND 58105-5051


Phone: (701) 231-5768; Fax: (701) 231-8474


E-mail: md.m.rahman@ndsu.edu   



Organization: Department of Plant Sciences and Center of Excellence on AgBiotechnology Oilseeds, North Dakota State University


Estimate of the time commitment involved: 80%
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Total Funds requested for all Senior Key Persons in the attached file

Total Senior/Key Person |

Additional Senior Key Persons:

B. Other Personnel

* Number of

Person

IR

nel

| | Add Attachment || Delete Attachment || View Attachment |

Post Doctoral Associates

Graduate Students

Undergraduate Students

Secretarial/Clerical

* Project Role

Cal.

Months Months Months

Acad.

Sum.

* Requested
Salary ($)

* Fringe

Benefits ($) * Funds Requested ($)

Total Number Other Personnel

RESEARCH & RELATED Budget {A-B} (Funds Requested)

Total Other Personnel |:|

Total Salary, Wages and Fringe Benefits (A+B) [ ]

OMB Number: 4040-0001
Expiration Date: 04/30/2008





| Previous || Next |

* ORGANIZATIONAL DUNS: | |

* Budget Type: D Project D Subaward/Consortium

Enter name of Organization: | |

Delete Entry | " Start Date: [ Jrendpate:| ]

C. Equipment Description
List items and dollar amount for each item exceeding $5,000

Equipment item * Funds Requested ($)

10.| ||

© © N o g~ W N PR

11. Total funds requested for all equipment listed in the attached file |

Total Equipment |

Additional Equipment: | | | Add Attachment || Delete Attachment || View Attachment

D. Travel Funds Requested ($)

1. Domestic Travel Costs ( Incl. Canada, Mexico and U.S. Possessions) | |

2. Foreign Travel Costs | |

Total Travel Cost | |

E. Parti