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Developing New Cropping System Options for 
Organic Grain Production in Northern New York 

Project Leader: Michael H. Davis (mhd11@cornell.edu), Cornell University E. V. Baker Agricultural Research Farm at Willsboro, NY
Collaborators: Jerry Cherney, (jhc5@cornell.edu), Cornell University;
Anita Deming, (ald6@cornell.edu), Cornell Cooperative Extension Essex County

Background: Organic grain production is one strategy that farmers can adopt to diversify their operations, and the amount of acreage committed to organic field crop production in northern New York has increased significantly in recent years.  In 1993, six acres on the Cornell University Willsboro Research Farm were set aside for organic field crop production studies.  The six acres were divided into ten equal blocks, and two five-year rotations were established on these blocks.  

Wheat Rotation:  The first rotation to be developed consisted of one year of spring wheat, one year of winter wheat, and three years of alfalfa/timothy hay.  Spring and winter wheat were chosen as the grain components in the first rotation because Champlain Valley milling, a specialty organic flour mill located in Westport, NY, provided a regional market for organically grown bread wheat.  Three years of alfalfa/timothy sod played a critical role in sustaining the soil health in the system as the alfalfa fixed nitrogen, and the fibrous timothy roots added organic matter and improved soil tilth.  Given that many area farms were already producing hay, we believed that the incorporation of one or two years of small grains into the rotation would be a profitable way for farmers to diversify their operations.  The wheat rotation has been maintained for the past fifteen years.  In 2008, we coordinated with Susan Monihan, a graduate student working with Dr. Sid Bosworth at the University of Vermont (UVM), to establish an organic fertilizer and variety study on the winter wheat block of the rotation.   

New Crop Rotation:  The purpose of the ‘New Crop’ rotation was to develop and test organic production methods for alternative grain crops that could potentially be grown in northern New York.  As with the organic wheat rotation, a two to three year period of alfalfa/timothy sod forms the heart of the rotation.  Several alternative grain crops have been inserted into the ‘New Crop’ rotation including food-grade soybeans, sweet corn, sunflowers, dry beans, flax, and grain amaranth.  Flax, grain amaranth, and food-grade soybeans were produced in 2008.

2008 Objectives 
· Advance the spring wheat-winter wheat-alfalfa/timothy rotation ahead one year

· Repeat the flax variety/topdressing trial

· Substitute grain amaranth for sunflowers in the second rotation, and develop an organic crop production system for grain amaranth

· Replace the dry bean plots with an organic food-grade soybean variety trial

Results

Organic Wheat Rotation:  The organic wheat rotational sequence was maintained in 2008.  Field activities in each of the five blocks are listed below.
Field block
Date

Activity
12-O-1

7/3/08

Chopped off hay



8/21/08
Chopped off hay

8/30/08
Plowed down alfalfa/timothy sod -- Start fall fallow period in preparation for seeding wheat in spring 2009

12-O-2

7/3/08

Chopped off hay



8/21/08
Chopped off hay

12-O-3

4/25/08
Planted alfalfa (12#/a) + timothy (6#/a)



8/21/08
Chopped off weeds

12-O-4

8/21/08
Combined winter wheat experiment



8/25/08
Chopped straw

8/30/08
Moldboard plowed in preparation for seeding alfalfa/timothy spring 2009

12-O-5

4/17/08
Planted Profit hard red spring wheat @ 150lbs/a rate



8/18/08
Combined spring wheat



8/25/08
Chopped straw



8/30/08
Moldboard plowed
9/10/08
Disced and dragged in preparation for seeding winter wheat trial

9/19/08
Planted winter wheat experiment

University of Vermont researchers established a winter wheat variety/fertilizer experiment in the winter wheat block (12-O-4) in 2008.  Three hard red winter wheat varieties (Zorro, Harvard, and Maxine) were evaluated.  Organically acceptable fertilizer treatments included 12 ton/acre UVM compost, 10.4 tons/acre cow manure, 3.2 tons/acre Giroux Poultry chicken manure compost, Chilean Nitrate -- split application with 156 lbs/acre applied prior to planting and 156 lbs/acre applied pre anthesis in the spring, Chilean Nitrate – split application with 156 lbs/acre applied prior to planting and 156 lb/acre applied post anthesis, and a control.  The trial will be repeated in field block 12-O-5 in 2009.

Organic Flax Production:  Flax trials were conducted on New Crop rotation blocks 12-O-6 in 2006, 12-O-9 in 2007, and 12-O-10 in 2008.  All fields had a Rhinebeck clay loam soil with subsurface drainage.
2006:  Untreated seed for five flax varieties was obtained from the Flax Institute at North Dakota State University.  The variety trial employed a randomized complete block design with six replications.  Plots were 10’ wide, 20’ long, and planted at a 7” row spacing.  Target seeding depth was 1”, and the seeding rate was 56 lbs/acre (1 bu/acre).  Three tons per acre composted chicken manure and 500 lbs/acre granulated organic fertilizer (North Country Organics 5-3-4) were applied to the field in 2005.  No additional fertilizer was applied.  The 2006 trial was planted May 8 and harvested October 10.

2007:  Six flax varieties were included in the 2007 trial, which followed a plowed down alfalfa/timothy sod in the rotation.  Additionally, a topdress fertilizer treatment was incorporated into the study.  Fertilized plots received a 500 lb/acre broadcast application of OMRI approved Northcountry Organics 5-3-4 Pro Gro granulated fertilizer ten days after crop emergence.  A split plot experimental design with four replications was used with the topdress application as the whole plot treatment, and variety as the split plot treatment.  Plot size, seeding rate, row spacing, and target planting depth were the same as in 2006.  The 2007 trial was seeded May 25 and harvested October 5.

2008:  The 2008 trial was a repeat of the 2007 experiment.  The plots followed a plowed down alfalfa/timothy sod in the rotation.  Six flax varieties were evaluated with and without a topdress fertilizer treatment in the spring.  Fertilized plots received a broadcast application of OMRI approved Northcountry Organics 5-3-4 Pro Gro granulated fertilizer sixteen days after planting.  A split plot experimental design with four replications was employed.  The topdress application was the whole plot treatment, and variety was the split plot treatment.  Plots were 10’ wide, 30’ long, and planted at a 7” row spacing.  Target seeding depth was 1”, and the seeding rate was 56 lbs/acre (1 bu/acre).  The 2008 trial was seeded May 29 and harvested October 8.  
The 2008 flax trial had extensive weed populations that greatly reduced flax yields and made it impossible to test for treatment effects.  The overall trial mean yield for those plots that were harvested was 442.9 lbs/acre, markedly less than either the 2006 or 2007 organic flax trials (Table 1).  Weed problems in the 2008 trial may have been largely a function of the weather patterns during the season.  Weed control for the flax trials depend on a late season summer fallow period the previous year, and a stale seedbed in the spring.  May, 2008 was dry with a monthly rainfall total of only 0.28” (Table 3).  As a result of the dry weather, the spring stale seedbed failed to flush out significant numbers of annual weeds.  Rainy weather arrived just after the flax trial was planted at the end of May, and large numbers of weeds germinated along with the crop.  Once the crop has emerged, there are no proven organic weed control options for flax.  Flax is a very poor competitor with weeds, and many of the plots were a total loss.  In retrospect, once it was clear that the weed populations had taken hold, the whole field block should have been plowed under to eliminate the potential for weed seed development and dispersal.
Organic Grain Amaranth Production
Amaranth is a broadleaf, warm season crop that has good drought tolerance.  It is often characterized as a ‘pseudo-cereal’ because it is dicotyledonous.  The grain is high in the amino acid lysine, and there is significant demand for amaranth in certain specialty markets.  Acreage devoted to grain amaranth has actually decreased in recent years as the high prices paid for corn, soybeans, and small grains have prompted many growers to move away from alternative grain crops. 2008 was our first year growing grain amaranth organically, and the effort can best be categorized as a learning experience.

Grain amaranth (Amaranthus cuentus) replaced sunflowers in the New Crop rotation in 2008.  The soil type was a Rhinebeck clay loam that was plowed the previous fall.  Amaranth followed dry beans in the rotation.  Organic seed was purchased from Albert Lea Seeds in Minnesota, and planted at 30” row spacings on May 30, 2008.  A hand-pushed single row Nibex precision vegetable seeder was used, and the target seed depth was 0.5 inches. 

Amaranth seed is very small (0.7-0.9 grams per 1000 seeds) and a fine, friable seedbed with good drainage and no compaction is desirable for good stand establishment.  Amaranth grows poorly on wet, compacted soils.  Weed control is also critical to obtaining a good crop.  Nitrogen requirements are moderate, and researchers at the Rodale Institute recommend that available nitrogen levels (soil credits plus added fertilizer) not exceed 90lbs/acre.  Nitrogen levels higher than 90 lbs/acre often create lodging problems.  Soil temperatures between 65 degrees F and 75 degrees F are required for seed germination.  Target planting depth is 0.5 inches or less, and the recommended seeding rate is 1 – 2 pounds per acre.  On heavy soils, surface crusting can greatly reduce crop emergence.  If surface crusting is observed, a rotary hoe can be used pre-emergence to break up the crust.

Amaranth stand establishment and weed control were poor in 2008.  The seedbed was dry and cloddy at planting, and as a result it was difficult to maintain accurate seed depth placement.  The cloddy nature of the soil conditions also made it difficult to ensure good soil-seed contact.  The weather turned wet after planting at the end of May as the plots experienced 16 days of rain in June.  While the rainy weather was presumably a positive factor for amaranth germination, it also germinated a major flush of weeds, and the perpetually wet soil conditions made it impossible to conduct mechanical weed control operations.  Amaranth plants that did manage to survive among the weeds grew poorly.  As a result of the poor stands, meaningful yield data could not be obtained.  Mature grain heads were cut and harvested by hand on October 8 (following a killing frost), and then run through the combine in order to identify optimal combine settings for the crop.  

The take home message from the 2008 trial is that a fine, friable seedbed is essential for good stand establishment, and weed control is critical.  Ideally, weed pressure should be reduced prior to seeding the crop, but in situations where significant weed populations become established, the 30” row spacing should allow for additional cultivation options (weather permitting).
Organic Food-Grade Soybean Variety Trial:  An organic food-grade soybean variety trial was conducted in field block 12-O-9 in 2008.  Soybeans replaced dry beans in the rotation, and the results are presented in a separate 2008 NNYADP report titled Forage Soybean Advanced Breeding Line Evaluations & Food-Grade Soybean Variety Trials.
Outreach

Tabulated trial results will be posted on the Northern New York Agricultural Development Program website www.nnyagdev.org, and included in regional extension publications and meetings.  Two workshops on organic crop production were presented at the NOFA-NY winter conference in Rochester NY, January 23-25, 2008.
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Michael H. Davis, Cornell E.V. Baker Willsboro Research Farm, 48 Sayward Lane, Willsboro, NY 12996.  (518) 963-7492. email <mhd11@cornell.edu>

Table 1.  Mean yields for flax varieties in 2006, 2007, and 2008.

	Variety
	2006 Mean Yields

(lbs/acre)
	2007 Mean Yields

(lbs/acre)
	2008 Mean Yields

(lbs/acre)

	Rahab94
	654 a
	1200 a
	506

	York
	656 a
	1195 a
	435

	Omega
	739 a
	1187 a
	553

	Nekoma
	676 a
	1100 a
	451

	Carter
	
	1094 ab
	362

	Pembina
	636 a
	896 b
	352

	
	LSD 0.05 = 134
	LSD 0.05 = 204
	


Table 2.  Seed color and mean plant heights for flax varieties in the 2006, 2007, and 2008 trials.

	Variety
	Seed Color
	2006 Mean Plant Heights

(cm)
	2007 Mean Plant Heights

(cm)
	2008 Mean Plant Heights

(cm)

	Nekoma
	Brown
	52.0  ab
	73.4  a
	56.9

	Pembina
	Brown
	52.0  ab
	72.0  a
	62.3

	Rahab94
	Brown
	50.2  b
	66.1  b
	50.8

	Carter
	Yellow
	
	64.6  b
	52.5

	York
	Brown
	48.0  b
	63.8  b
	54.5

	Omega
	Yellow
	54.8  a
	59.0  c
	52.0

	
	
	LSD 0.05 = 4.4
	LSD 0.05 = 3.3
	


Table 3.  Monthly rainfall totals during the 2006, 2007, and 2008 field seasons.

	
	Monthly Rainfall Totals on the Cornell Willsboro Farm (inches)

	Year
	May
	June
	July
	August

	2006
	4.08
	4.81
	2.73
	1.83

	2007
	1.53
	1.81
	4.72
	0.34

	2008
	0.28
	3.78
	6.6
	5.77


