Ecological Weed Management for Organic Farms
Introduction: an Ecological Understanding of Weeds

Weeds are Nature’s way of protecting and restoring soil that has become exposed by fire, flood, landslide, clear-cutting, clean tillage, or other disturbance.  Pioneer plants – what we call weeds – are those species that can rapidly occupy the open niche of bare soil, holding and protecting the surface and beginning to rebuild organic matter and soil life.  Agricultural weeds are those pioneer plants that are especially well adapted to the periodic mechanical disturbance (tillage) and high nutrient availability characteristic of fields and gardens cultivated for food and fiber production, and that can reproduce prolifically in such environments.  


Humans “create” weeds by:

· Creating open niches for pioneer plant species to exploit.

· Introducing exotic plant species into a region without their natural enemies.


Production of annual crops disturbs the soil and creates open niches (bare soil) in time (between one harvest and establishment of the next crop) and in space (between rows or beds until the crop has closed canopy).  Weeds emerge and grow in these open niches – until they are stopped by cultivation, pulling, mowing, or herbicides.  

Weeds are the most costly pest problem in terms of crop losses and control costs, and organic producers consider weed management a top research priority.  In addition to competing for light, nutrients, and moisture, weeds can hurt crop by releasing plant growth inhibitors (allelopathy), hosting crop pests or pathogens, promoting crop disease by restricting air circulation, physically hindering crop development (bindweeds), and interfering with or contaminating harvest.
The Organic Grower’s Dilemma


Organic farmers consider healthy, living soil rich in organic matter as the foundation of organic production.  Because organic farmers do not use herbicides, they rely on tillage and cultivation for weed control, especially in annual crops.  Tillage accelerates the breakdown of soil organic matter, and can compromise soil quality.  Thus the organic grower’s dilemma is: 


How can I control weeds without tilling the soil to death?


Controlling weeds in annual cropping systems without herbicides means some tillage and cultivation.  However, organic weed control does not simply substitute steel for herbicides.  Cultivation is just one of a multitude of vital components in the organic farmer’s weed management strategy.  Effective weed management begins with careful observation and planning, followed by preventive (cultural) practices, and (inevitably) control tactics.

Planning for Effective Weed Control
Know the Weeds 

Obtain correct identification of the major weeds present on the farm. Use a good taxonomic key or field guide that covers all of a region’s important agricultural weeds.  Monitor fields regularly throughout the season. Keep records on what weeds emerge in each field at different seasons, and on efficacy of any preventive and control measures taken. 

Learn each weed’s life cycle, growth habit, seasonal pattern of development and flowering, modes of reproduction and dispersal, seed dormancy and germination, and how the weed affects crop production. Find the weed’s weak points that can be exploited in the management strategy, including the stages in its life cycle that are most vulnerable to cultivation or other control practices, and other stresses to which the weed is sensitive. 

Knowing a weed’s life cycle is especially important for selecting best management strategies.  Summer annuals emerge after the spring frost date, reproduce prolifically by seed, and complete their life cycle by fall frost. They are usually most troublesome in warm season annual vegetable and row crops.  Examples include pigweeds, common lambsquarters, and crabgrasses.  Winter annuals emerge in late summer, fall, or early spring, and grow, set seed, and die by the onset of the following summer.  They are usually most troublesome in cool season vegetables and winter grains. Examples include shepherd’s purse, henbit, and annual sowthistle.  Simple perennials persist year to year as a hardy rootstock, such as a heavy taproot.  They are most troublesome in perennial crops and pasture, and are fairly intolerant of tillage.  Examples include common dandelion, curly dock, and tall fescue.  Invasive perennials proliferate vegetatively through stolons, rhizomes, tubers, bulbs, and other underground structures.  These are the most difficult weeds to control, and are troublesome, both in tilled fields and perennial plantings. Examples include purple and yellow nutsedges, Bermuda grass, and field bindweed.
Design the Cropping System to Minimize Niches for Weed Growth 

Keep the soil covered with desired vegetation or organic mulch as much of the season as possible.  Schedule plantings of each cash or cover crop as soon as practical after the preceding crop is finished.  Use narrow crop row spacings when practical to promote early canopy closure.

Some growers overseed clovers or other cover crops between rows of established vegetables, so that the cover crop occupies the soil after vegetable harvest, thereby closing the niche for post-harvest weed growth.  Others roll or mow mature cover crops and plant a following vegetable without tillage.  This system works best when weed pressure is moderate and composed mostly of annual species, as invasive perennials readily penetrate the killed cover crop mulch. Intercropping (companion planting), relay cropping, alley cropping, agroferstry systems, strip tillage, and living mulches are some other strategies to reduce weed niches in space. All require skillful management, and additional research to refine techniques.


Organic mulches such as straw, old hay (seed-free) or chipped brush, and synthetic mulches like black plastic and landscape fabric restrict weed niches by blocking germination stimuli (light) and hindering seedling emergence.  Established perennial weeds arising from rootstocks, rhizomes, or tubers can penetrate organic mulch, and a few can puncture plastic mulches.


With the exception of the synthetic mulches, all of these strategies to reduce niches for weed growth also add organic matter, build soil quality, and enhance farm biodiversity.
Design the Cropping System and Select Tools for Effective Weed Control 


Develop control strategies to address anticipated weed pressures in each of the farm’s major crops. Choose the best cultivation implements and other tools for cost-effective preplant, between-row, and within-row weeding. Match bed width and row spacing to match tractor and cultivation tool dimensions.  Row spacings for different crops that are exact multiples of each other can facilitate precision tractor cultivation. Choose irrigation methods and other cultural practices that are compatible with planned weed control operations.

Keep the Weeds Guessing with Crop Rotations 

Plan and implement diversified crop rotations that vary timing, depth, frequency, and methods of tillage; timing and methods of planting, cultivation, and harvest; as well as crop plant family. Alternate warm- and cool-season vegetables. Rotate vegetable fields into perennial cover for two or three years to interrupt life cycles of annual weeds adapted to frequent tillage. 


If the soil is tilled on a regular, predictable schedule year after year (e.g., continuous corn, or a corn-soybean rotation), those weeds most adapted to the pattern will proliferate and cause problems.  A four-year vegetable rotation of sweet corn – snap beans – squash – tomato family with winter cover crops, though more diverse, can still allow certain weed populations to build up, because this rotation often entails tillage and seedbed preparation every May.  Adding some early spring or fall vegetables, and summer cover crops to the rotation will shift tillage and cropping dates, and make it harder for certain weed species to proliferate.  Rotating intensively-cropped fields to perennial cover for 2-3 years can bring intense annual weed pressures under control.
Preventive (Cultural) Weed Management
Grow Vigorous, Weed-competitive Crops 

Optimizing crop growth and vigor is one of the most important weed management practices.  Vigorous crops can get ahead of the weeds, suffer less yield loss, and suppress weeds to some extent.  Following are some tips for maximizing crop competitiveness against weeds:

· Maintain healthy, living soil.
· Choose locally-adapted crop varieties .
· Choose varieties that grow tall or form lots of foliage. 
· Use only high quality seed.

· Use optimum plant spacings and planting dates.
· Provide optimum growing conditions – soil moisture, pH, and nutrients. 
· Use in-row drip irrigation or other means to feed and water the crop and not the weeds. 

Note that either insufficient or excessive levels of major nutrients (nitrogen, phosphorus, and potassium) can give certain weeds a competitive advantage over the crops.   Also, trying to stretch the season for a given crop by planting earlier or later than usual can make the crop less vigorous and thus more prone to weed pressure.  Utilize good season extension techniques, and plan on a little extra labor for diligent weed management during crop establishment.

Put the Weeds Out of Work—Grow Cover Crops! 

Cover crops perform the same ecosystem services as weeds, only better! They rapidly occupy open niches, protect and restore the soil, provide beneficial habitat, add organic matter, and hold and recycle soil nutrients. They suppress weeds by shading, direct competition for water and nutrients, and sometimes allelopathy (the release of plant growth inhibitors into the soil). 

Whenever a bed or field becomes vacant, consider planting  a cover crop immediately. Good cover cropping plays a major role in minimizing open niches, and can put the weeds out of a job.  Be sure to use high quality seed, good planting technique, and adequate rates to obtain rapid cover crop growth and canopy closure.  Where weed pressure is heavy, increase seeding rates, up to double the normal recommended rate if economically feasible.
Manage the Weed Seed Bank—Minimize “Deposits” and Maximize “Withdrawals” 

The reason so MANY weeds come up soon after tillage is that most soils have a large weed seed bank – millions of viable, dormant weed seeds per acre, waiting for the right stimulus (often a light flash associated with tillage) or conditions to germinate and emerge.  Manage the weed seed bank by encouraging “withdrawals” and minimizing “deposits.”  

Cultivate, pull, mow, or chop out weeds before they can form seeds. Remove topgrowth of invasive weeds with sweep cultivators, sharp hoes or close mowing, before the weeds propagate underground. Mow fields promptly after crop harvest to interdict weed seed maturation. Avoid bringing seeds of new weeds into the field in seedy mulch hay, uncomposted manure, or soil clinging to boots, tools, or implements. Use crop seed that is free of noxious weed seeds.

Draw down the seed bank by preparing a stale seedbed.  Till the soil several inches deep several weeks before crop planting, watch closely, and till again each time more weeds appear.  Immediately before crop planting or crop emergence, flame weed, or cultivate very shallowly (0.5–1 inch) to removing existing weeds without stimulating additional weed seed germination.

Encourage weed seed predation by providing habitat for ground beetles, field crickets, and other organisms that consume weed seeds.  Maintain habitat (living vegetative cover or organic mulch) in part of the field at all times if practical.  After a vegetable harvest, mow the field promptly, but consider delaying tillage for a few weeks to let nature’s “cleanup crew” reduce weed seed numbers (balance this against the need to make a seedbed for cover crop planting). 
Weed Control Tactics
Knock Out Weeds at Critical Times 

Start with a clean seedbed, prepared just before planting.  Even a few days’ delay between seedbed prep and planting can give unseen germinating weeds a jump on the crop.    A “blind” (full field) cultivation during emergence of large seeded crops, or flaming just before emergence of small seeded crops like carrot, parsnip, and spinach, can give the crop an additional head start.

Early in the season, get the weeds while they are small, from the “white thread” stage up to one inch.  Very shallow cultivation can suffice at this stage; larger weeds are harder to control, requiring more fuel and deeper, more soil-damaging cultivation.  Keep the crop clean through its “minimum weed-free period,” about 4–6 weeks for vigorous crops like corn, squash, or transplanted tomato; and 8–12 weeks for slower growing crops like pepper, carrot, or onion.  


Later-emerging weeds will not affect crop yield through direct competition.  However, additional control measures are warranted if late season weeds host or promote crop disease, complicate harvest, or begin to propagate.  Note that invasive perennial weeds can be gradually exhausted by repeated cultivation every time regenerating shoots have 3–4 leaves (when underground reserves reach their minimum).  If this is not feasible, remove perennial weed top growth every 3–4 weeks, or before weeds are a foot tall, to prevent underground propagation.

Consider integrating other tactics – flame weeding, mowing, mulching, etc – with cultivation to reduce adverse impacts on soil quality.  Market gardeners often apply straw or other organic mulch after one or two early season cultivations, thereby obtaining a long weed free period while reducing soil disturbance and adding organic matter.
Utilize Biological Control Processes to Further Reduce Weed Pressure 

Rotate livestock, poultry, or weeder geese through fields to graze weeds and interrupt seed set. To ensure food safety and comply with USDA Organic Standards, time such grazing so that fresh droppings are not deposited any less than 120 days prior to harvest of the next crop. Encourage weed seed predation and decay by maintaining high soil biological activity and providing habitat (mulch, cover crops, hedgerows) for belowground and aboveground weed seed consumers (conservation biological control). 

Bring Existing Weeds Under Control Before Planting Weed-sensitive Crops 

Weed control in perennial horticultural crops like asparagus, small fruit, and some cut flowers can be quite difficult, especially when perennial weeds dominate the weed flora. Bring existing weed populations under good control through repeated tillage and intensive cover cropping before planting any perennial vegetable, fruit, or ornamental crops. Choose fields with the best weed control or lowest weed pressure for weed-sensitive annual vegetables, such as carrot, onion, and parsnip. Be sure weeds, especially perennial weeds, are under good control before attempting no-till management of cover crops prior to cash crop planting.

Fine-tuning the Organic Weed Management System
Keep Observing the Weeds and Adapt Practices Accordingly 

Note and record any changes in weed species composition, emergence and growth pattern, or weed pressure.  Watch out for the arrival of new weed species that could pose problems.

Modify practices as needed. For example, an increase in certain annual “weeds of cultivation” may indicate a need to reduce tillage, change method or timing of tillage, or diversify the crop rotation. An increase in invasive perennials may require more aggressive tillage for a time. 

Expect weed populations and flora to shift over time. Every farm decision and field operation can elicit changes in the weed community, as can weather variations, to say nothing of long term climate changes. “Reading” the weeds each year becomes an information feedback loop, guiding weed management practices for the following season.

Experiment 

Try out new tactics and strategies to deal with weeds, and keep your eyes and ears open for new developments in organic weed management. Farmers continually develop innovative strategies based on new tools that they fashion themselves or that researchers develop, new uses for old tools, and new combinations of preventive and control tactics. New methods or products may also come from the research community.  When trying something new, do it on a small scale, and compare it with an adjacent “control” plot in which you use your normal practices, so you can see whether the new practice works.  
For a longer (18 pp Word document) version of this discussion, contact Mark Schonbeck at mark@abundantdawn.org.  For more in-depth exploration of some of the planning, preventive, and control practices outlined above, visit the eXtension Organic Agriculture Resource Area; articles on organic weed management can be found at http://www.extension.org/article/19642.
Resources for Organic Weed Management

Weed Identification – Books, CD’s and Web Sites

Charles. T. Bryson and Michael S. DeFelice.  2009.  Weeds of the South.  Very thorough field guide to many hundreds of weed species, with excellent photo illustrations by Arlyn W. Evans.  University of Georgia Press, Athens, GA.  468 pp.

Georgia Cooperative Extension Service, Bulletin 761, 1995.  Weeds of the Southern United States.  45 pp.  Field guide to 120 major weeds of the South. Available for $3; to order, call Georgia Cooperative Extension at 706-542-8999 or -8575.
R. Old. 2008. 1,200 Weeds of the 48 States and Adjacent Canada: An interactive identification guide [DVD]. XID Services, Inc., Pullman, WA.  Available at: http://xidservices.com/.

Jon M. Stuckey, Thomas J. Monaco and A.D. Worsham, 1994.  Identifying Seedling and Mature Weeds Common in the Southeastern United States.  North Carolina Agricultural Research Service & NC Cooperative Extension Service. 

USDA, Agricultural Research Service, 1971.  Common Weeds of the United States.  Dover Publishing, Inc., New York, NY.  

Richard H. Uva, Joseph C. Neal and Joseph M. DiTomaso, 1997.  Weeds of the Northeast.  Cornell Univ. Press, Ithaca, NY.  297 pp. Covers 299 weeds, most of which occur in the South.  
Virginia Tech Weed Identification Guide, www.ppws.vt.edu/weedindex.htm, covers 324 weeds.

Weed Science Society of America – Weed Photo Gallery, can aid in identification.  No verbal descriptions. http://www.wssa.net/Weeds/ID/PhotoGallery.htm.
Tools for Cultivation and Weed Control

Greg Bowman, ed., 1997.  Steel in the Field: a Farmer’s Guide to Weed Management Tools.   128 pp.  Order at www.sare.org/publications/.

Earth Tools, Inc., Joel Dufour, manager, 1525 Kays Branch Road, Owenton, KY 40359, 502-484-3988, www.earthtoolsbcs.com.  Hand tools and walking (2-wheel) tractor implements.
Vendors of tractor-drawn cultivation implements:  Bezzerides Brothers (559-528-3011, www.bezzerides.com), Buddingh Weeder Co. (616-698-8613). Bigham Brothers (806-745-0384, www.bighambrothers.com/lilliston.htm). Brillion Farm Equipment (800-409-9749, www.brillionfarmeq.com).
Ecological Weed Management Principles and Practices

Vern Grubinger, 1997.  10 Steps Toward Organic Weed Control.   American Vegetable Grower, Feb. 1997, pp 22-24.

National Sustainable Agriculture Information Service (aka ATTRA), Principles of Sustainable Weed Management for Croplands, available at www.attra.org/pest.html#weed.  
Anne and Eric Nordell, A Whole-Farm Approach to Weed Control.  Approximately 50 pp. Available for $10 by mail order, Eric and Anne Nordell, 3410 Rt. 184, Trout Run, PA 17771.

