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FOREWORD

over crops slow erosion, improve soil,

smother weeds, enhance nutrient and

moisture availability, help control many
pests and bring a host of other benefits to your
farm. At the same time, they can reduce costs,
increase profits and even create new sources of
income. You'll reap dividends on your cover crop
investments for years, because their benefits accu-
mulate over the long term.

Increasing energy costs will have a profound
effect on farm economics in coming years.As we
g0 to press, it is impossible to predict how fast
energy costs will increase, but since cover crop
economics are rooted in nitrogen dynamics (how
much N you save or produce with cover crops),
fuel costs (the cost of N and trips across the field)
and commodity prices, energy prices will certain-
ly impact the economics of cover crop use.

Economic comparisons in the 2nd edition were
based on the old economy of two-dollar corn,
twenty-cent nitrogen and cheap gas. Some studies
showed that cover crops become more profitable
as the price of nitrogen increases. We retained
some of these excellent studies because data from
new studies is not yet available. What we do know
is that cover crops can help you to increase yields,
save on nitrogen costs, reduce trips across the field
and also reap many additional agronomic benefits.

There is a cover crop to fit just about every
farming situation. The purpose of this book is to
help you find which ones are right for you.

Farmers around the country are increasingly
looking at the long-term contributions of cover
crops to their whole farm system. Some of the
most successful are those who have seen the ben-
efits and are committed to making cover crops
work for them.They are re-tooling their cropping
systems to better fit cover crop growth patterns,
rather than squeezing cover crops into their exist-
ing system, time permitting.

This 3rd edition of Managing Cover Crops
Profitably aims to capture farmer and other
research results from the past ten years.We verified
the information from the 2nd edition, added new

FOREWORD

results and updated farmer profiles and research
data throughout.We also added two new chapters.

Brassicas and Mustards (p. 81) lays out the
current theory and management of cover crops in
the BRASSICACEAE family. Brassica cover crops are
thought to play a role in management of nema-
todes, weeds and disease by releasing chemical
compounds from decomposing residue. Results
are promising but inconsistent. Try brassicas on
small plots and consult local expertise for addi-
tional information.

Managing Cover Crops in Conservation
Tillage Systems (p.44) addresses the management
complexities of reduced tillage systems. If you are
already using cover crops, the chapter will help
you reduce tillage. If you are already using con-
servation tillage, it shows you how to add or bet-
ter manage cover crops. Cover crops and
conservation tillage team up to reduce energy use
on your farm and that means more profits.

We have tried to include enough information
for you to select and use cover crops appropriate
to your operation. We recommend that you define
your reasons for growing a cover crop—the sec-
tion, Selecting the Best Cover Crops for Your
Farm (p. 12) can help with this—and take as
much care in selecting and managing cover crops
as you would a cash crop.

Regional and site-specific factors can complicate
cover crop management. No book can adequately
address all the variables that make up a crop pro-
duction system. Before planting a cover crop, learn
as much as you can from this book and talk to oth-
ers who are experienced with that cover crop.

We hope that this updated and expanded edi-
tion of Managing Cover Crops Profitably will
lead to the successful use of cover crops on a
wider scale as we continue to increase the sus-
tainability of our farming systems.

Andy Clark, Coordinator
Sustainable Agriculture Network (SAN)
June, 2007



MANAGING COVER CROPS PROFITABLY
THIRD EDITION

Foreword . ...... ... ... ... ... ... . . . ... 3
Acknowledgments. .. .................... 5
How to Use thisBook .. .................. 7
Benefits of Cover Crops . ................. 9
Selecting the Best Cover Crops
forYour Farm. ....................... 12
Building Soil Fertility and Tilth
with Cover Crops ... ................. 16
* Cover Crops Can Stabilize Your Soil. . . . 19
e How Much N? ...................... 22
Managing Pests with Cover Crops ......... 25
* Georgia Cotton, Peanut Farmers
Use Cover Crops to Control Pests . . . . .. 26
* Select Covers that Balance Pests,
Problems of Farm . .. ................ 30
Crop Rotations with Cover Crops. . ........ 34
* Full-Year Covers Tackle Tough Weeds . . . 38
o Start WhereYouAre . ... ............. 41
Managing Cover Crops in Conservation
Tillage Systems. . .. ................... 44
* After 25 Years, Improvements
Keep Coming ....................... 52
Introduction to Charts. . ................. 62
Chart 1: Top Regional Cover Crop Species . . 66
Chart 2: Performance and Roles. . ......... 67
Chart 3A: Cultural Traits . . ............... 69
Chart 3B: Planting. ... .................. 70
Chart 4A: Potential Advantages. . .......... 71
Chart 4B: Potential Disadvantages.. ... .. ... 72
COVER CROP SPECIES
Overview of Nonlegume Cover Crops . . .73
Annual Ryegrass. .. ..................... 74
Barley....... ... .. . 77
Brassicas and Mustards .. ................ 81
* Mustard Mix Manages Nematodes in
Potato/Wheat System. . . ............. 86

Buckwheat............................ 90

Oats . .. ..o 93
* Oats, Rye Feed Soil in

Corn/Bean Rotation. . ............... 96

Rye ... ..o 98

* Cereal Rye: Cover Crop Workborse . . .. 102
* Rye Smothers Weeds Before Soybeans . 104

Sorghum Sudangrass Hybrids . .. ......... 106
* Summer Covers Relieve Compaction. . 110
WinterWheat. . ....................... 111
* Wheat Boosts Income and
Soil Protection. . ................... 113
» Wheat Offers High-Volume
Weed ControlToo .................. 114
Overview of Legume Cover Crops . . ... 116
Cover Crop Mixtures Expand
Possibilities .. ..................... 117
Berseem Clover . ...................... 118
* Nodulation: Match Inoculant to
Maximize N....................... 122
COWPEAS ..o vt 125
» Cowpeas Provide Elegant Solution
to Awkward Niche ................. 128
CrimsonClover . ...................... 130
FieldPeas ........................... 135
* Peas Do Double Duty for Kansas
Farmer ........................... 140
HairyVetch. .. ........................ 142
* Cover Crop Roller Design Holds
Promise for No-Tillers. . ............. 146
* Vetch Beats Plastic. ................. 150
Medics .. ......... ... 152
* Jess Counts on GEORGE for N and
Feed.............................. 153
* Southern Spotted Bur Medic offers
Reseeding Persistence. . ............. 154

MANAGING COVER CROPS PROFITABLY



RedClover........................... 159
Subterranean Clovers .................. 164
Sweetclovers ......................... 171
* Sweetclover: Good Grazing, Great
Green Manure. .................... 174
White Clover . ........................ 179
* Clovers Build Soil, Blueberry
Production........................ 182
WoollypodVetch . ..................... 185

APPENDICES

A.Testing Cover Crops onYour Farm . . . . .. 189
B. Up-and-Coming Cover Crops. . ......... 191
C.Seed Suppliers. .. ................... 195
D. Farming Organizations with

Cover Crop Expertise ................ 200
E.Regional Experts . ................... 202
E Citations Bibliography ................ 280
G. Resources from the Sustainable

Agriculture Network . ................ 230
H.Reader Response Form. . ............. 232
INDEX. ... ... ... ... ... .. .. .. 233

ACKNOWLEDGMENTS

based in large part on the content of the 2nd edition, researched and written by Greg Bowman,

This 3rd edition could not have been written without the help of many cover crop experts. It is

Craig Cramer and Christopher Shirley. The following people reviewed the 2nd edition, suggested

revisions and updates and contributed new content.

Aref Abdul-Baki, retired, USDA-ARS
Wesley Adams, Ladonia, TX

Kenneth A. Albrecht, Univ. of Wisconsin
Jess Alger, Stanford, MT

Robert G. Bailey, USDA Forest Service
Kipling Balkcom, USDA-ARS

Ronnie Barentine, Univ. of Georgia

Phil Bauer, USDA-ARS

R. Louis Baumhardt, USDA-ARS

Rich and Nancy Bennett, Napoleon, OH
Valerie Berton, SARE

Robert Blackshaw, Agriculture and Agri-Food Canada
Greg Bowman, NewFarm

Rick Boydston, USDA-ARS

Lois Braun, Univ. of Minnesota

Eric B. Brennan, USDA-ARS

Pat Carr, North Dakota State Univ.

Max Carter, Douglas, GA

ACKNOWLEDGMENTS

Guihua Chen, Univ. of Maryland

Aneeqa Chowdhury, SARE

Hal Collins, USDA-ARS

Craig Cramer, Cornell Univ.

Nancy Creamer, North Carolina State Univ.
William S. Curran, The Pennsylvania State Univ.
Seth Dabney, USDA-ARS

Bryan Davis, Grinnell, IA

Jorge Delgado, USDA-ARS

Juan Carlos Diaz-Perez, Univ. of Georgia
Richard Dick, Ohio State Univ.

Sjoerd W. Duiker, The Pennsylvania State Univ.
Gerald W. Evers, Texas A&M Univ.

Rick Exner, Iowa State Univ. Extension
Richard Fasching, NRCS

Jim French, Partridge, KS

Eric Gallandt, Univ. of Maine

Helen Garst, SARE



Dale Gies, Moses Lake, WA

Bill Granzow, Herington, KS

Stephen Green, Arkansas State Univ.

Tim Griffin, USDA-ARS

Steve Groff, Holtwood, PA

Gary Guthrie, Nevada, IA

Matthew Harbur, Univ. of Minnesota
Timothy M. Harrigan, Michigan State Univ.
Andy Hart, Elgin, MN

Zane Helsel, Rutgers Univ.

Paul Hepperly, The Rodale Institute
Michelle Infante-Casella, Rutgers Univ.
Chuck Ingels, Univ. of California

Louise E. Jackson, Univ. of California
Peter Jeranyama, South Dakota State Univ.
Nan Johnson, Univ. of Mississippi

Hans Kandel, Univ. of Minnesota Extension
Tom Kaspar, USDA-ARS

Alina Kelman, SARE

Rose Koenig, Gainesville, FL

James Krall, Univ. of Wyoming

Amy Kremen, Univ. of Maryland

Roger Lansink, Odebolt, IA

Yvonne Lawley, Univ. of Maryland

Frank Lessiter, No-Till Farmer

John Luna, Oregon State Univ.

Barry Martin, Hawkinsville, GA

Todd Martin, MSU Kellogg Biological Station
Milt McGiffen, Univ. of California

Andy McGuire, Washington State Univ.
George McManus, Benton Harbor, MI
John J. Meisinger, USDA/ARS

Henry Miller, Constantin, MI

Jeffrey Mitchell, Univ. of California
Hassan Mojtahedi, USDA-ARS

Gaylon Morgan, Texas A&M Univ.
Matthew J. Morra, Univ. of Idaho

Vicki Morrone, Michigan State Univ.

Jeff Moyer, The Rodale Institute

Paul Mugge, Sutherland, TA

Dale Mutch, MSU Kellogg Biological Station
Rob Myers, Jefferson Institute

Lloyd Nelson, Texas Agric. Experiment Station
Mathieu Ngouajio, Michigan State Univ.
Eric and Anne Nordell, Trout Run, PA
Sharad Phatak, Univ. of Georgia

David Podoll, Fullerton, ND

Paul Porter, Univ. of Minnesota

Andrew Price, USDA-ARS

Ed Quigley, Spruce Creek, PA

RJ Rant, Grand Haven, MI

Bob Rawlins, Rebecca, GA

‘Wayne Reeves, USDA-ARS

Ekaterini Riga, Washington State Univ.

Lee Rinehart, ATTRA

Amanda Rodrigues, SARE

Ron Ross, No-Till Farmer

Marianne Sarrantonio, Univ. of Maine
Harry H. Schomberg, USDA-ARS

Pat Sheridan, Fairgrove, Mich.

Jeremy Singer, USDA-ARS

Richard Smith, Univ. of California
Sieglinde Snapp, Kellogg Biological Station
Lisa Stocking, Univ. of Maryland

James Stute, Univ. of Wisconsin Extension
Alan Sundermeier, Ohio State Univ. Extension
John Teasdale, USDA-ARS

Lee and Noreen Thomas, Moorhead, MN
Dick and Sharon Thompson, Boone, IA
Edzard van Santen, Auburn Univ.

Ray Weil, Univ. of Maryland

Charlie White, Univ. of Maryland

Dave Wilson, The Rodale Institute

David Wolfe, Cornell Univ.

MANAGING COVER CROPS PROFITABLY



HOW TO USE THIS BOOK

hink of this book as a tool chest, not a cook-

I book. You won’t find the one simple recipe

to meet your farming goals. You will find

the tools to select and manage the best cover
crops for the unique needs of your farm.

In this tool chest you will find helpful maps and
charts, detailed narratives about individual cover
crop species, chapters about specific aspects of
cover cropping and extensive appendices that
will lead you to even more information.

1. Start with 7op Regional Cover Crop Species
(p- 66). This chart will help you narrow your
search by listing the benefits you can expect from
the top cover crops adapted to your region.You’'ll
discover which are the best nitrogen (N) sources,
soil builders, erosion fighters, subsoil looseners,
weed fighters and pest fighters.

2.Next, find out more about the performance and
management of the cover crops that look like
good candidates for your farm. You'll find two
streams of information:

» Charts quickly provide you with details to
help you compare cover crops. Performance and
Roles (p. 67) lists ranges for N and dry matter pro-
duction and ranks each cover crop’s potential for
providing 11 benefits. Cultural Traits (p. 69) and
Planting (p. 70) explains the growth, environ-
mental tolerances, seeding preferences and estab-
lishment costs for each crop.

* Narratives. The Table of Contents (p. 4)
and the page numbers accompanying each
species in Charts 2,3 and 4 direct you to the heart
of the book, the chapters on each cover crop.The
chapters offer even more practical descriptions of
how to plant, manage, kill and make the best use
of each species. Don’t overlook Up-and-Coming
Cover Crops (p. 191) that briefly describes
promising but lesser known cover crops. One of
them may be right for your farm.

HOW TO USE THIS BOOK

3.With some particular cover crops in mind, step
back and look at the big picture of how you can
fit cover crops into your farming operations. Sit
down with a highlighter and explore these
chapters:

* Benefits of Cover Crops (p.9) explains impor-
tant cover crop roles such as reducing costs,
improving soil and managing pests.

* Selecting the Best Cover Crops (p. 12) helps
you evaluate your operation’s needs and niches
(seasonal, cash-crop related, and profit potential).
Several examples show how to fit crops to
detailed situations.

* Building Soil Fertility and Tilth (p.16) shows
how cover crops add organic matter and greater
productivity to the biological, chemical and phys-
ical components of soil.

SORGHUM-SUDANGRASS is a tall, warm-season grass
that stifles weeds and decomposes to build soil organic

malter.



* Managing Pests with
Cover Crops (p. 25)
explores how cover - ;
crops change field ==+ . 4 Py o

environments to : y I
protect cash crops h'l‘ f’# 3
from insects, dis- L J{-" i ."-. [
ease, weeds and HF Sl |
nematodes. ﬁ*‘h\

* New this edition: T ), G

. S | f-

Managing Cover Crops £ i
in Conservation Tillage r
Systems (p. 44) provides man- oty
agement details for cover crops in £l

reduced tillage systems.

* Crop Rotations (p.34) explains how to inte-
grate cover crops and cash crops in sequence
from year to year for optimum productivity from
on-farm resources.

* Citations Bibliography (p.208) lists many of
the publications and specialists cited in the book.
Citations within the book are numbered in paren-
theses. Refer to the numbered citation in the bib-
liography if you want to dig deeper into a topic.

* Climatic Zone Maps inside the front and
back covers help you understand differences in
cover crop performance from location to loca-
tion. You may find that some cover crops have
performed well in tests far from where you farm,
but under comparable climatic conditions.

The USDA Plant Hardiness Zone Map (inside
front cover) shows whether a crop will survive
the average winter in your area.We refer to the
USDA hardiness zones throughout the book.
Readers’ note: A new version of this map is
expected in 2008. See the online version of this
book at www.sare.org.

The U.S. Forest Service map, Ecoregions of
the United States (inside back cover), served in
part as the basis for the adaptation maps included
at the beginning of each cover crop chapter. This
ecosystem map, while designed to classify forest
growth, shows localized climate differences, such
as rainfall and elevation, within a region. See
Bailey (citation #17 in Appendix E p. 209) for
more information about ecoregions.

%% Cultivars of SUBTERRANEAN
| “4l7 CLOVER, a low-growing,

S e reseeding annual legume, are
I <=  adapted to many climates.

- | ¥

Fn / o i

[ "'-\. I|
¥ R ik i LT 4. Now that youve
Y § N 8t
1 i M 'F tried out most of the
J } F |l575'- B, o

tools, revisit the

" ] charts and narratives

e to zero in on the cover

crops you want to try.

The Appendices include infor-

mation to help you run reliable on-

farm cover crop comparison trials.You’ll also

find contact information for cover crop experts

in your region, seed and inoculant suppliers, ref-

erences to books and academic papers cited in

this book and websites with more cover crop
information.

5. Finally, share your cover crop plans with farm-
ers in your area who have experience with cover
crops.Your local Extension staff, regional IPM spe-
cialist or a sustainable farming group in your area
may be able to provide contacts. Be sure to tap
local wisdom. You can find out the cover crop
practices that have worked traditionally, and the
new wrinkles or crops that innovative practition-
ers have discovered.

Abbreviations used in this book

A = acre or acres

bu. = bushel or bushels

DM = dry matter, or dry weight of plant material
F = (degrees) Fahrenheit in. = inch or inches
K = potassium 1lb. = pound or pounds

N = nitrogen

OM = organic matter

P = phosphorus

p- = page

pp. = pages

T = ton or tons

> = progression to another crop

/ = a mixture of crops growing together %
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BENEFITS OF COVER CROPS

over crops can boost your profits the first
‘ year you plant them. They can improve

your bottom line even more over the years
as their soil-improving effects accumulate. Other
benefits—reducing pollution, erosion and weed
and insect pressure—may be difficult to quantify
or may not appear in your financial statements.
Identifying these benefits, however, can help you
make sound, long-term decisions for your whole
farm.

‘What follows are some important ways to eval-
uate the economic and ecological aspects of
cover crops. These significant benefits (detailed
below) vary by location and season, but at least
two or three usually occur with any cover crop.
Consult local farming groups and agencies with
cover crop experience to figure more precise
crop budgets.

* Cut fertilizer costs

¢ Reduce the need for herbicides and other
pesticides

» Improve yields by enhancing soil health

¢ Prevent soil erosion

» Conserve soil moisture

¢ Protect water quality

¢ Help safeguard personal health

Evaluate a cover crop’s impact as you would any
other crop, balancing costs against returns in all
forms. Don’t limit your calculations, however, to
the target cover crop benefit. A cover often has
several benefits. Many cover crops offer harvest
possibilities as forage, grazing or seed that work
well in systems with multiple crop enterprises
and livestock.

SPELLING IT OUT

Here’s a quick overview of benefits you can grow
on your farm. Cover crops can:

Cut fertilizer costs by contributing N to cash
crops and by scavenging and mining soil nutrients.

BENEFITS OF COVER CROPS

RED CLOVER is an annual or multi-year legume that
improves topsoil. It is easily overseeded into standing
crops or frostseeded into grains in early spring.

Legume cover crops convert nitrogen gas in
the atmosphere into soil nitrogen that plants can
use. See Nodulation: Maich Inoculant to
Maximize N (p. 122). Crops grown in fields after
legumes can take up at least 30 to 60 percent of
the N that the legume produced. You can reduce
N fertilizer applications accordingly. For more
information on nitrogen dynamics and how to
calculate fertilizer reductions, see Building Soil
Fertility and Tilth with Cover Crops (p. 16).The
N value of legumes is the easiest cover crop
benefit to evaluate, both agronomically and eco-
nomically. This natural fertility input alone can
justify cover crop use.

* Hairy vetch boosted yield for no-till corn
more than enough to cover its establishment
costs, a three-year study in Maryland showed.
Further, the vetch can reduce economic risk and
usually will be more profitable than no-till corn
after a winter wheat cover crop (1993 data).The
result held true even if corn were priced as low as
$1.80 per bushel, or N fertilizer ($0.30/1b.) was
applied at the rate of 180 Ib. N/A (173).

* Medium red clover companion seeded with
oats and hairy vetch had estimated fertilizer
replacement value of 65 to 103 1b. N/A in a four-
year study in Wisconsin, based on a two year rota-
tion of oats/legume > corn. Mean corn grain yield
following these legumes was 163 bu./A for red



clover and 167 bu./A for hairy vetch, compared
with a no legume/no N fertilizer yield of 134
bu./A (400).

e Austrian winter peas, hairy vetch and
NITRO alfalfa can provide 80 to 100 percent of a
subsequent potato crop’s nitrogen requirement, a
study in the Pacific Northwest showed (394).

* Fibrous-rooted cereal grains or grasses are
particularly good at scavenging excess nutri-
ents—especially N—left in the soil after cash crop
harvest. Much of the N is held within the plants
until they decompose. Fall-seeded grains or grass-
es can absorb up to 71 Ib. N/A within three
months of planting, a Maryland study showed
(46). Addition of cover crops to corn>soybean
and corn>peanut>cotton rotations and appropri-
ate timing of fertilizer application usually reduce
total N losses, without causing yield losses in sub-
sequent crops, a USDA-ARS computer modeling
study confirms (354).

Reduce the Need for Herbicides

Cover crops suppress weeds and reduce damage

by diseases, insects and nematodes. Many cover

crops effectively suppress weeds as:

¢ A smother crop that outcompetes weeds for
water and nutrients

» Residue or growing leaf canopy that blocks
light, alters the frequency of light waves and
changes soil surface temperature

¢ A source of root exudates or compounds that
provide natural herbicidal effects

Managing Pests with Cover Crops (p. 25)

describes how cover crops can:

* Host beneficial microbial life that discourages
disease

¢ Create an inhospitable soil environment for
many soilborne diseases

» Encourage beneficial insect predators and par-
asitoids that can reduce insect damage below
economic thresholds

¢ Produce compounds that reduce nematode
pest populations

» Encourage beneficial nematode species

10

Using a rotation of To estimate
malting barley>cover
crop  radish>sugar
beets has successfully  fertilizer savings
reduced sugar beet
cyst nematodes to
increase yield of sugar
beets in a Wyoming
test. Using this brassi-
ca cover crop after
malting barley or Much N? (p. 22).
silage corn substitut-
ed profitably for
chemical nematicides when nematode levels
were moderate (231). A corn>rye>soybeans>
wheat>hairy vetch rotation that has reduced
pesticide costs is at least as profitable as conven-
tional grain rotations without cover crops, a study
in southeastern Pennsylvania shows (174). Fall-
planted brassica cover crops coupled with
mechanical cultivation help potato growers with
a long growing season maintain marketable yield
and reduce herbicide applications by 25 percent
or more, a study in the inland Pacific Northwest
showed (394).

your potential N

from a cover
crop, see the

sidebar, How

Improve Yields by Enhancing Soil Health

Cover crops improve soil by:

» Speeding infiltration of excess surface water

* Relieving compaction and improving struc-
ture of overtilled soil

» Adding organic matter that encourages
beneficial soil microbial life

* Enhancing nutrient cycling

Building Soil Fertility and Tilth with Cover
Crops (p. 16) details the biological and chemical
processes of how cover crops improve soil health
and nutrient cycling. Leading soil-building crops
include rye (residue adds organic matter and con-
serves moisture); sorghum-sudangrass (deep pen-
etrating roots can break compaction); and
ryegrass (stabilizes field roads, inter-row areas and
borders when soil is wet).

MANAGING COVER CROPS PROFITABLY



Prevent Soil Erosion
Quick-growing cover crops hold soil in place,
reduce crusting and protect against erosion due
to wind and rain. The aboveground portion of cov-
ers also helps protect soil from the impact of rain-
drops. Long-term use of cover crops increases
water infiltration and reduces runoff that can
carry away soil. The key is to have enough stalk
and leaf growth to guard against soil loss.
Succulent legumes decompose quickly, especially
in warm weather. Winter cereals and

many brassicas have a better chance

of overwintering in colder climates. 4
These late-summer or fall-planted *. 75
crops often put on significant growth '
even when temperatures drop into i
the 50s, and often are more winter- |
hardy than legumes (361).1In a no- ; '
till cotton system, use of cover %
crops such as winter wheat, crimson

clover and hairy vetch can reduce soil
erosion while maintaining high cot-

ton yields, a Mississippi study shows
35.

Conserve Soil Moisture

Residue from killed cover crops increases
water infiltration and reduces evap-
oration, resulting in less moisture stress
during drought. Lightly incorporated :
cover crops serve dual roles. They T,

trap surface water and add organic 1" )

matter to increase infiltration to the
root zone. Especially effective at

than conventional bare fallow (383). Timely
spring termination of a cover crop avoids the neg-
ative impact of opposite water conditions: excess
residue holding in too much moisture for planting
in wet years, or living plants drawing too much
moisture from the soil in dry years.

Protect Water Quality

By slowing erosion and runoff, cover crops
reduce nonpoint source pollution caused by sed-
iments, nutrients and agricultural chemicals. By
taking up excess soil nitrogen, cover crops pre-
vent N leaching to groundwater. Cover crops
also provide habitat for wildlife. A rye
| cover crop scavenged from 25 to 100
§ percent of residual N from conven-
tional and no-till Georgia corn
fields, one study showed. Up to
180 1b. N/A had been applied. A
barley cover crop removed 64 per-
cent of soil nitrogen when applied

N averaged 107 1Ib./A (220).

Help Safeguard Personal Health

By reducing reliance on agrichemicals
for cash crop production, cover crops
help protect the health of your family,
neighbors and farm workers. They
also help address community health

and ecological concerns arising from
nonpoint source pollution attributed

e to farming activities.

Cumulative Benefits
F

covering the soil surface are grass- T e You can increase the range of ben-
type cover crops such as rye, — W0 % efits by increasing the diversity of
e S i .,
wheat, and sorghum-sudangrass f,r_*.-“‘-‘ il fﬁfﬁ‘?-m ! cover crops grown, the frequen-
. g . . o .-:_.-" i '.I.:_:'.-'I___.-' p— - ey
hybrid. Some water-efficient P Iy W Y of use between cash crops

INDIANHEAD lentils provide cover £ AR S ¥ cover crops are growing in the
crop benefits in dryland areas . [| [} a..“'w:!ll'k: f L field

e - LY .
legumes such as medic and 3 ﬁ;"ﬁ ke RIS eemit Y and the length of time  that
e "'lji!:/v P |
oF My L
while conserving more moisture / PO 1

WINTER WHEAT grows well in fall, then provides forage and protects soil over winter.
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SELECTING THE BEST COVER CROPS

FOR YOUR FARM

by Marianne Sarrantonio

over crops provide many benefits, but
‘ they’re not do-it-all “wonder crops.” To find
a suitable cover crop or mix of covers:
* Clarify your primary needs
+ Identify the best time and place for a cover

Crop in your system
* Test a few options

This book makes selection of cover crops a little eas-
ier by focusing on some proven ones. Thousands of
species and varieties exist, however. The steps that
follow can help you find crops that will work best
with a minimum of risk and expense.

1. Identify Your Problem or Use

Review Benefits of Cover Crops (p.9) to decide
what you want most from a cover crop.
Narrowing your goals to one or two primary and
perhaps a few secondary goals will greatly simpli-
fy your search for the best cover species. Some
common goals for cover crops are to:

¢ Provide nitrogen

¢ Add organic matter

e Improve soil structure

* Reduce soil erosion

* Provide weed control

* Manage nutrients

¢ Furnish moisture-conserving mulch

You might also want the cover crops to provide
habitat for beneficial organisms, better traction
during harvest, faster drainage or another benefit.

2. Identify the Best Place and Time
Sometimes it’s obvious where and when to use a
cover crop.You might want some nitrogen before
a corn crop, or a perennial ground cover in a vine-
yard or orchard to reduce erosion or improve
weed control. For some goals, such as building
soil, it may be hard to decide where and when to
schedule cover crops.
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To plan how and where to use cover crops, try
the following exercise:

Look at your rotation. Make a timeline of 18 to
36 monthly increments across a piece of paper.
For each field, pencil in current or probable rota-
tions, showing when you typically seed crops and
when you harvest them.

If possible, add other key information, such as
rainfall, frost-free periods and times of heavy labor
or equipment demand.

Look for open periods in each field that corre-
spond to good conditions for cover crop estab-
lishment, underutilized spaces on your farm, as
well as opportunities in your seasonal work
schedule. Also consider ways to extend or overlap
cropping windows.

Here are examples of common niches in some
systems, and some tips:

Winter fallow niche. In many regions, seed
winter covers at least six weeks before a hard
frost. Winter cereals, especially rye, are an excep-
tion and can be planted a little later. If ground
cover and N recycling needs are minimal, rye can
be planted as late as the frost period for success-
ful overwintering.

You might seed a cover right after harvesting a
summer crop, when the weather is still mild. In
cooler climates, consider extending the window
by overseeding (some call this undersowing) a
shade-tolerant cover before cash crop harvest.
White clover, annual ryegrass, rye, hairy vetch,
crimson clover, red clover and sweetclover toler-
ate some shading.

If overseeding, irrigate afterwards if possible, or
seed just before a soaking rain is forecast. Species
with small seeds, such as clovers, don’t need a lot
of moisture to germinate and can work their way
through tiny gaps in residue, but larger-seeded
species need several days of moist conditions to
germinate.

MANAGING COVER CROPS PROFITABLY



‘When overseeding into cash crops early in the
season, vigorous growth of the cover crop may
cause water stress, increase disease risks due to
lower air circulation or create new insect pest
risks. Changing cover crop seeding rate, seeding
time, or the rotation sequence may lessen this
risk. To ensure adequate sunlight for the cover
crop, overseed before full canopy closure of the
primary crop (at last cultivation of field corn, for
example) or just before the canopy starts to open
again as the cash crop starts to die (as soybean
leaves turn yellow, for example).

Expect excessive field traffic around harvest
time? Choose tough, low-growing covers such as
grasses or clovers. Limit foot traffic to alternate
rows, or delay a field operation to allow for cover
crop establishment.

Another option could be to use a reseeding
winter annual that dies back and drops seed each
summer but reestablishes in fall. Subclovers
reseed well in regions south of Hardiness Zone 6.
Shorter-season crimson clovers—especially vari-
eties with a high hard-seed percentage that ger-
minate over an extended period—work well in
the Southeast where moisture is sufficient. Even
rye and vetch can reseed if managed properly.

Summer fallow niche. Many vegetable rota-
tions present cover crop opportunities—and
challenges. When double cropping, you might
have fields with a three- to eight-week summer fal-
low period between early planted and late plant-
ed crops. Quick-growing summer annuals provide
erosion control, weed management, organic mat-
ter and perhaps some N.

Consider overseeding a spring crop with a
quick-growing summer grain such as buckwheat,
millet or sorghum-sudangrass, or a warm-season
legume such as cowpeas. Or, you might till out
strips in the cover crop for planting a fall veg-
etable crop and control the remaining cover
between the crop rows with mowing or light cul-
tivation.

Small grain rotation niche. Companion seed a
winter annual cover crop with a spring grain, or frost
seed (broadcasting seed onto frozen ground) a cover
into winter grains. Soil freezing and thawing pulls
seed into the soil and helps germination. Another
option if soil moisture isn’t a limiting factor in your

SELECTING THE BEST COVER CROPS

region: broadcast a cover Look for open
before the grain enters
boot stage (when seed-
heads start elongating)
later in spring or plant
after harvest.

Full-year improved
fallow niche. To rebuild ©ON your farm.
fertility or organic matter
over a longer period,
perennials or biennials—or mixtures—require
the least amount of maintenance. Spring-seeded
yellow blossom sweetclover flowers the follow-
ing summer, has a deep taproot and gives plenty
of aboveground biomass. Also consider perennial
forages recommended for your area. The below-
ground benefit of a tap rooted perennial can have
tremendous soil improving benefits when
allowed to grow for several years.

Another option is sequential cover cropping.
Plant hairy vetch or a grass-legume mixture in fall,
terminate it the following spring at flowering, and
plant sorghum-sudangrass. The winter cover crop
provides weed suppression and ground cover, but
also nitrogen for the high-N sorghum-sudangrass,
which can produce tons of biomass to build soil
organic matter.

Properly managed, living mulches give many
growers year-round erosion protection, weed
control, nutrient cycling and even some nitrogen
if they include a legume. Some tillage, mowing or
herbicides can help manage the mulch (to keep it
from using too much soil moisture, for example)
before crops are strip-tilled into the cover or
residue. White clover could be a good choice for
sweet corn and tomatoes. Perennial ryegrass or
some less aggressive turfgrasses such as sheep fes-
cue may work for beans, tomatoes and other veg-
etables.

Create new opportunities. Have you honed
a rotation that seems to have few open time slots?
Plant a cover in strips the width of a bed or wider,
alternating with your annual vegetable, herb or
field crop. Switch the strips the next year. Mow
the strips periodically and blow the topgrowth
onto adjoining cash crops as mulch. In a bed
system, rotate out every third or fourth bed for a
soil-building cover crop.

periods in
each field or

open spaces

13



Another option: Band a cover or some insect-
attracting shrubs around fields or along
hedgerows to suppress weeds or provide benefi-
cial habitat where you can’t grow cash crops.
These hedgerows could also be used to produce
marketable products such as nuts, berries or even
craft materials.

3. Describe the Niche

Refer to your timeline chart and ask questions

such as:

¢ How will I seed the cover?

¢ What’s the weather likely to be then?

¢ What will soil temperature and moisture
conditions be like?

» How vigorous will other crops (or pests) be?

 Should the cover be low-growing and
spreading, or tall and vigorous?

* What weather extremes and field traffic must
it tolerate?

e Will it winterkill in my area?

 Should it winterkill, to meet my goals?

* What kind of regrowth can I expect?

¢ How do I kill it and plant into it?

e Will I have the time to make this work?

¢ What’s my contingency plan—and risks—if
the crop doesn’t establish or doesn’t die on
schedule?

* Do I have the needed equipment and labor?

4. Select the Best Cover Crop

You have identified a goal, a time and a place,now
specify the traits a cover crop would need to
work well.

Example 1. A sloping orchard needs a ground
cover to reduce erosion. Yowd like it to con-
tribute N and organic matter and attract ben-
eficial organisms but not rodents, nematodes or
other pests. The cover can’t use too much
water or tie up nutrients at key periods. Too
much N might stimulate excessive tree leaf
growth or prevent hardening off before winter.
Finally you want a cover crop that is easy to main-
tain. It should:
* be a perennial or reseeding annual
* be low-growing, needing minimal

management
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¢ use water efficiently

¢ have a soil-improving root system

* release some nutrients during the year, but not
too much N

 not harbor or attract pests

For this orchard scenario, white clover is probably
the best option north of Zone 8. A mixture of
low-growing legumes or a legume and grass mix
could also work. In warm regions, low-growing
clovers such as strawberry clover and white clover
work well together, although these species may
attract pocket gophers. BLANDO brome and annual
ryegrass are two quick-growing, reseeding grasses
often suitable for orchard floors, but they will prob-
ably need some control with mowing. Or, try a
reseeding winter annual legume such as crimson
clover, rose clover, subclover, an annual vetch or an
annual medic, depending on your climate.

Example 2. A dairy lacks adequate storage in fall

and winter for the manure it generates, which

exceeds the nutrient needs for its silage corn

and grass/legume hay rotation. The cover crop

needs to:

« establish effectively after (or tolerate) silage
corn harvest

* take up a lot of N and P from fall-applied
manure and hold it until spring

For this dairy scenario, rye is usually the best
choice. Other cereal grains or brassicas could
work if planted early enough.

HAIRY VETCH is an winter annual legume that
grows slowly in fall, then fixes a lot of N in spring.

MANAGING COVER CROPS PROFITABLY



Example 3. In a moderate rainfall region after

small grain harvest in late summer, you want a

soil-protecting winter cover that can supply

N for no-till corn next spring.You want to kill the

cover without herbicides.You need a legume that:

* can be drilled in late summer and put on a lot
of fall growth

» will overwinter

» will fix alot of N

¢ can be mow-killed shortly before (or after)
corn planting

 could provide some weed-controlling,
moisture-conserving residue

Hairy vetch works well in the Northeast, Midwest
and parts of the mid-South. Mixing it with rye or
another cereal improves its weed-management and
moisture-conservation potential. Crimson clover
may be an appropriate choice for the southeastern
Piedmont. Austrian winter pea could be considered,
alone or in a mix, in coastal plain environments, but
will winterkill in Zone 7 and below.Where grain har-
vest occurs in late spring or early summer, LANA
woollypod vetch might be a better choice.

Example 4. After a spring broccoli crop, you

need a weed-suppressing cover that adds N

and organic matter, and perhaps mulch, into

which you will no-till seed fall lettuce or spinach.

You want a cover that:

* is very versatile

» grows fast in hot weather

* can be overseeded into broccoli

» germinates on the soil surface under dry
conditions

» fixes N

* persists until you're ready to kill it

Here, a quick-growing, warm-season legume such as
cowpeas may work, especially if you can irrigate to
hasten establishment during dry conditions.

5. Settle for the Best Available Cover. It’s like-
ly the “wonder crop” you want doesn’t exist. One
or more species could come close, as the above
examples indicate. Top Regional Cover Crop
Species (p.66) can provide a starting point. Check

SELECTING THE BEST COVER CROPS

WINTER (cereal) RYE is an annual grain that
prevents soil and wind erosion. Iis killed vegetation
suppresses weeds for no-till planting.

with regional experts. Keep in mind that you can
mix two or more species, or try several options in
small areas.

6. Or Build a Rotation Around Cover Crops.
It’s hard to decide in advance every field’s crops,
planting dates, fieldwork or management
specifics. One alternative is to find out which
cover crops provide the best results on your farm,
then build a rotation around those covers, espe-
cially when trying to tackle some tough soil
improvement or weed control issues. See Full-
Year Covers Tackle Tough Weeds (p. 38).

With this “reverse” strategy, you plan covers
according to their optimum field timing, and then
determine the best windows for cash crops. A
cover crop’s strengths help you decide which
cash crops would benefit the most.

For now, however, you probably want to fit one
or more cover Crops into your existing rotations.
The charts and narratives in this book can help
you select some of the most suitable species for
your farming system and objectives. See Crop
Rotations with Cover Crops (p. 34) to get you
thinking more. When you've narrowed your
choices, refer to Appendix A, Testing Cover Crops
on Your Farm (p. 189) for some straightforward
tips on what to do next. &

Adapted from Northeast Cover Crop Handbook by
Marianne Sarrantonio, Rodale Institute, 1994.



BUILDING SOIL FERTILITY AND TILTH

WITH COVER CROPS

by Marianne Sarrantonio

oil is an incredibly complex substance. It has

physical and chemical properties that allow

it to sustain living organisms—not just plant
roots and earthworms, but hundreds of thousands
of different insects, wormlike creatures and
microorganisms.When these organisms are in bal-
ance, your soil cycles nutrients efficiently, stores
water and drains the excess, and maintains an
environment in which plants can thrive.

To recognize that a soil can be healthy, one has
only to think of the soil as a living entity. It
breathes, it transports and transforms nutrients, it
interacts with its environment, and it can even
purity itself and grow over time. If you view soil
as a dynamic part of your farming system, unsus-
tainable crop management practices amount to
soil neglect.That neglect could worsen as the soil
sickens and loses its life functions one by one.

Regardless of how healthy or alive your soil is
right now, cover crops can play a vital role in
ensuring that your soil provides a strong founda-
tion for your farming system.While the most com-
mon reasons for including cover crops in a
farming system may relate to the immediate short-
term need, the continued practice of cover crop-
ping becomes an investment in building healthy
soil over the long term.

Cover crops improve soil in a number of ways.
Protection against soil loss from erosion is per-
haps the most obvious soil benefit of cover crops,
but providing organic matter is a more long-term
and equally important goal. Cover crops con-
tribute indirectly to overall soil health by catching
nutrients before they can leach out of the soil
profile or, in the case of legumes, by adding
nitrogen to the soil. Their roots can even help
unlock some nutrients, converting them to more
available forms. Cover crops provide habitat or a
food source for some important soil organisms,
break up compacted layers in the soil and help
dry out wet soils.
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EROSION PROTECTION

Erosion of topsoil occurs on many farms, depriv-
ing fields of the most fertile portion, that contain-
ing the highest percentage of organic matter and
nutrients. Cover crops can play a major role in
fighting soil erosion.

A raindrop falling at high speed can dislodge
soil particles and cause them to move as far as 6
feet (42). Once a soil particle is loose, it is much
more vulnerable to being carried away by run-
ning water. Any aboveground soil cover can take
some of the punch out of a heavy rainfall simply
by acting as a cushion for raindrops.

A cover crop also can:
¢ Slow the action of moving water, thus reduc-

ing its soil-carrying capacity, by creating an

obstacle course of leaves, stems and roots
through which the water must maneuver on
its way downhill

* Increase the soil’s ability to absorb and hold
water, through improvement in pore structure,
thereby preventing large quantities of water
from moving across the soil surface

* Help stabilize soil particles in the cover crop
root system

The reduction in soil erosion due to cover crop-
ping will be roughly proportional to the amount
of cover on the soil. The Revised Universal Soil
Loss Equation developed by the Natural
Resources Conservation Service predicts that a
soil cover of just 40 percent when winter arrives
can reduce erosion substantially until spring.

It’s worthwhile to get covers established early,
to ensure that maximum soil cover develops
before winter rains. Consider overseeding covers
at layby cultivation, aerial seeding or hand spread-
ing before harvest, or planting as soon as possible
after harvest. It’s always a good idea to maintain
year-round soil cover whenever possible.

MANAGING COVER CROPS PROFITABLY



ORGANIC MATTER ADDITIONS

The benefits of organic matter include improved
soil structure, increased infiltration and
water-holding capacity, increased cation
exchange capacity (the ability of the soil to act
as a short-term storage bank for positively charged
plant nutrients) and more efficient long-term
storage of nutrients. Without organic matter, you
have no soil to speak of, only a dead mixture of
ground-up and weathered rocks.

Organic matter includes thousands of different
substances derived from decayed leaves, roots,
microorganisms, manure and even groundhogs
that died in their burrows.These substances func-
tion in different ways to build healthy soil
Different plants leave behind different kinds of
organic matter as they decompose, so your choice
of cover crop will largely determine which soil
benefits you will receive.

Soil scientists may argue over how to classify
the various soil organic components. Most will
agree, however, that there is a portion that can be
called the “active” fraction, and one that might
be called the “stable” fraction, which is roughly
equivalent to humus. There are many categories
in between the active and stable fractions.

The active fraction represents the most easily
decomposed parts of soil organic matter. It tends
to be rich in simple sugars and proteins and con-
sists largely of recently added fresh residues,
microbial cells and the simpler waste products
from microbial decay.

Because microorganisms, like human organ-
isms, crave sweet stuff, compounds containing
simple sugars disappear quickly. Proteins also are
selected quickly from the menu of edible soil
goodies. When these compounds are digested,
many of the nutrients that they contain are
released into the soil. Proteins are nitrogen-rich, so
the active fraction is responsible for the release
of most N, as well as some K, P and other nutri-
ents, from organic matter into the soil. The easi-
ly decomposed proteins and sugars burn up
almost completely as energy sources, and don’t
leave much behind to contribute to organic
matter building.

BUILDING SOIL FERTILITY AND TILTH

After the microorganisms have devoured the
portions of the active fraction that are easiest to
digest, a more dedicated subset of these micro-
organisms will start munching on the more
complex and tough material, such as celluloses
and lignins, the structural materials of plants.
Since cellulose is tougher than simple sugars, and
lignin breaks down very slowly, they contribute
more to the humus or stable fraction. Humus is
responsible for giving the soil that rich, dark,
spongy feeling and for properties such as water
retention and cation exchange capacity.

Plant materials that are succulent and rich
in proteins and sugars will release nutrients rapid-
ly but leave behind little long-term organic matter.
Plant materials that are woodier or more
fibrous will release nutrients much more slowly,
perhaps even tie up nutrients temporarily (see
Tillage, No Tillage and N Cycling, p. 21), but will
promote more stable organic matter, or humus,
leading to better soil physical conditions,
increased nutrient-holding capacity and higher
cation exchange capacity.

In general, annual legumes are succulent. They
release nitrogen and other nutrients quickly
through the active fraction, but are not very effec-
tive at building up humus. Long-term use of annu-
al legumes can increase soil humus, however,
some research suggests (429).

Grains and other grasses and nonlegumes will
contribute to humus production, but won’t
release nutrients very rapidly or in large quantities
if incorporated as they approach maturity.
Perennial legumes such as white and red clover
may fall in both categories—their leaves will
break down quickly, but their stems and root
systems may become tough and fibrous and can
contribute to humus accumulation.

Cover Crops Help “Glue” Soil

As soil microorganisms digest plant material, they
produce some compounds in addition to the
active and stable fractions of the organic matter.
One group of these by-products is known as
polysaccharides.These are complex sugars that
act as glues in the soil to cement small soil parti-
cles into clusters or aggregates. Many farmers
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use the term “crumb” to describe soil clusters
about the size of a grain of rice.A well-aggregated
or “crumby” soil—not to be confused with crum-
my or depleted soil—has good aeration. It allows
better infiltration and retention of water.

Cover crops can promote good aggregation in
the soil through increased production of these
and other microbial glues. See Cover Crops Can
Stabilize Your Soil (p. 19). Well-aggregated soils
also are less prone to compaction, which has
been shown to reduce yields of vegetables such
as snap beans, cabbage and cucumber by 50 per-
cent or more (451).

As they decompose, leguminous cover crops
seem to be better than grasses for production of
polysaccharides (9). However, polysaccharides
will decompose in a matter of months, so their
aggregation effect is likely to last only the season
after the use of the cover crop.

Grass species also promote good aggregation,
but by a different mechanism. Grasses have a
‘fibrous’ root system—made of numerous fine
roots spreading out from the base of the plant.
These roots may release compounds that help
aggregate the soil between roots.

Organic matter builds up very slowly in the
soil. A soil with 3 percent organic matter might
only increase to 4 percent after a decade or more
of soil building. The benefits of increased organic
matter, however, are likely to be apparent long
before increased quantities are detectable. Some,
such as enhanced aggregation, water infiltration
rates and nutrient release, will be apparent the
first season; others may take several years to
become noticeable (429).

Your tillage method is an important considera-
tion when using cover crops to build soil, because
tillage will affect the rate of organic matter accu-
mulation. It is difficult to build up organic mat-
ter under conventional tillage regimes. Tillage
speeds up organic matter decomposition by
exposing more surface area to oxygen, warming
and drying the soil, and breaking residue into
smaller pieces with more surfaces that can be
attacked by decomposers. Like fanning a fire,
tillage rapidly “burns up” or “oxidizes” the fuel,
which in this case is organic matter. The resulting
loss of organic matter causes the breakdown of
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soil aggregates and the poor soil structure often
seen in overtilled soil.

When adding cover crops to a system, mini-
mize tillage to maximize the long-term soil bene-
fits. Many of the cover crops discussed in this
book are ones you can seed into growing crops or
no-till plant into crop residues. Otherwise, the
gain in organic matter may be counteracted by
higher decomposition rates.

TIGHTENING THE NUTRIENT LOOP

In addition to reducing topsoil erosion and
improving soil structure, cover crops enhance
nutrient cycling in your farming system by taking
up nutrients that otherwise might leach out of the
soil profile. These excess nutrients have the
potential to pollute groundwater or local streams
and ponds, not to mention impoverishing the soil
they came from.

Of the common plant nutrients, nitrogen in the
nitrate form is the most water-soluble and there-
fore the most vulnerable to leaching. Anytime
soil is bare and appreciable rain falls, nitrates are
on the move. Nitrate can be present in the soil at
the end of a cropping season if the crop did not
use all the N applied. Decomposing organic mat-
ter (including plant residues, compost and animal
manures) also can supply nitrate-N, as long as the
soil temperature is above freezing. Even in a field
where the yearly application of N is well-suited to
crop needs, nitrates can accumulate after crops
are harvested and leach when it rains.

Cover crops reduce nitrate leaching in two
ways. They soak up available nitrate for their
own needs. They also use some soil moisture,
reducing the amount of water available to leach
nutrients.

The best cover crops to use for nitrate conser-
vation are nonlegumes that form deep, extensive
root systems quickly after cash crops are harvest-
ed. For much of the continental U.S., cereal rye is
the best choice for catching nutrients after a sum-
mer crop.Its cold tolerance is a big advantage that
allows rye to continue to grow in late fall and put
down roots to a depth of three feet or more.
Where winters are mild, rye can grow through the
winter months.
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Cover Crops Can Stabilize Your Soil

The more you use cover crops, the better
your soil tilth, research continues to show.
One reason is that cover crops, especially
legumes, encourage populations of beneficial
fungi and other microorganisms that help
bind soil aggregates.

The fungi, called mycorrhizae, produce a
water-insoluble protein known as glomalin,
which catches and glues together particles of
organic matter, plant cells, bacteria and other
fungi (453). Glomalin may be one of the most
important substances in promoting and
stabilizing soil aggregates.

Most plant roots, not just those of cover
crops, develop beneficial mycorrhizal
relationships.The fungi send out rootlike
extensions called hyphae, which take up
water and soil nutrients to help feed plants. In
low-phosphorus soils, for example, the
hyphae can increase the amount of

phosphorus that plants obtain. In return, the
fungi receive energy in the form of sugars
that plants produce in their leaves and send
down to the roots.

Growing a cover crop increases the
abundance of mycorrhizal spores. Legumes in
particular can contribute to mycorrhizal
diversity and abundance, because their roots
tend to develop large populations of these
beneficial fungi.

By having their own mycorrhizal fungi and
by promoting mycorrhizal relationships in
subsequent crops, cover crops therefore can
play a key role in improving soil tilth.The
overall increase in glomalin production also
could help explain why cover crops can
improve water infiltration into soil and
enhance storage of water and soil nutrients,
even when there has been no detectable
increase in the amount of soil organic matter.

Research with soil high in residual N in the
mid-Atlantic’s coastal plain showed that cereal rye
took up more than 70 1b. N/A in fall when plant-
ed by October 1. Other grasses, including wheat,
oats, barley and ryegrass, were only able to take
up about half that amount in fall. Legumes were
practically useless for this purpose in the
Chesapeake Bay study (46). Legumes tend to
establish slowly in fall and are mediocre N scav-
engers, as they can fix much of their own N.

To maximize N uptake and prevent leaching,
plant nonlegumes as early as possible. In the
above study, rye took up only 15 Ib. N/A when
planting was delayed until November. It is impor-
tant to give cover crops the same respect as any
other crop in the rotation and plant them in a
timely manner.

Not Just Nitrogen Cycling

Cover crops help bring other nutrients back into
the upper soil profile from deep soil layers.
Calcium and potassium are two macronutrients
with a tendency to travel with water, though not
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generally on the express route with N. These
nutrients can be brought up from deeper soil lay-
ers by any deep-rooted cover crop.The nutrients
are then released back into the active organic
matter when the cover crop dies and decomposes.

Although phosphorus (P) doesn’t generally
leach, as it is only slightly water-soluble, cover
crops may play a role in increasing its availability
in the soil. Some covers, such as buckwheat and
lupins, are thought to secrete acids into the soil
that put P into a more soluble, plant-usable form.

Some cover crops enhance P availability in
another manner. The roots of many common
cover crops, particularly legumes, house benefi-
cial fungi known as mycorrhizae. The mycor-
rhizal fungi have evolved efficient means of
absorbing P from the soil, which they pass on to
their plant host. The filaments (hyphae) of these
fungi effectively extend the root system and help
the plants tap more soil P

Keeping phosphorus in an organic form is the
most efficient way to keep it cycling in the soil. So
the return of any plant or animal residue to the
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soil helps maintain P availability. Cover crops also
help retain P in your fields by reducing erosion.

Adding Nitrogen

One of nature’s most gracious gifts to plants and
soil is the way that legumes, with the help of rhi-
zobial bacteria, can add N to enrich your soil. If
you are not familiar with how this remarkable
process works, see Nodulation: Match Inoculant
to Maximize N (p.122).

The nitrogen provided by N-fixation is used
efficiently in natural ecosystems, thanks to the
soil’s complex web of interacting physical, chem-
ical and biological processes. In an agricultural
system, however, soil and crop management fac-
tors often interfere with nature’s ultra-efficient
use of organic or inorganic N. Learning a bit about
the factors affecting N-use efficiency from legume
plants will help build the most sustainable crop-
ping system possible within your constraints.

How Much N is Fixed?

A number of factors determine how much of the
N in your legume came from “free” N, fixed from
N2 gas:

+ Is the symbiosis (the interdependence of
the rhizobia and the plant roots) effective? See
Nodulation: Maitch Inoculant to Maximize N
(p. 122). Use the correct rhizobial inoculant for
the legume you’re growing. Make sure it’s fresh,
was stored properly, and that you apply it with an
effective sticking agent. Otherwise, there will be
few nodules and N-fixation will be low.

* Is the soil fertile? N-fixation requires
molybdenum, iron, potassium, sulfur and zinc to
function properly. Soils depleted of these micro-
nutrients will not support efficient fixation.Tissue
testing your cash crops can help you decide if you
need to adjust micronutrient levels.

» Is the soil getting enough air? N-fixation
requires that N-rich air get to the legume roots.
Waterlogging or compaction hampers the move-
ment of air into the soil. Deep-rooted cover crops
can help alleviate subsoil compaction (451).

* Is the pH adequate? Rhizobia generally will
not live long in soils below pH 5.

* Does the legume/rhizobial pair have high fix-
ation potential? Not all legumes were created
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equal—some are genetically challenged when it
comes to fixation. Beans (Phaseolus spp.) are
notoriously incapable of a good symbiotic rela-
tionship and are rarely able to fix much more than
40 Ib. N/A in a whole season. Cowpeas (Vigna
unguiculata) and vetches (Vicia spp.), on the
other hand, are generally capable of high fixation
rates. Check Chart 2 Performances and Roles
(p.67) and the sections on individual cover crops
for information about their N-fixation potential.

Even under the best of conditions, legumes
rarely fix more than 80 percent of the nitrogen
they need to grow,and may only fix as much as 40
or 50 percent. The legume removes the rest of
what it needs from the soil like any other plant.
Legumes have to feed the bacteria to get them to
work, so if there is ample nitrate already available
in the soil, a legume will remove much of that first
before expending the energy to get N-fixation
going. In soils with high N fertility, legumes may
fix little or no nitrogen. See How Much N?
(p-22).

While it is tempting to think of legume nodules as
little fertilizer factories pumping N into the sur-
rounding soil, that isn’t what happens. The fixed
N is almost immediately shunted up into the
stems and leaves of the growing legume to form
proteins, chlorophyll and other N-containing
compounds. The fixed nitrogen will not become
available to the next crop until the legume
decomposes. Consequently, if the aboveground
part of the legume is removed for hay, the majori-
ty of the fixed nitrogen also leaves the field.

‘What about the legume roots? Under condi-
tions favoring optimal N fixation, a good rule of
thumb is to think of the nitrogen left in the plant
roots (15 to 30 percent of plant N) as being
roughly equivalent to the amount the legume
removed directly from the soil, and the amount in
the stems and leaves as being equivalent to what
was fixed.

Annual legumes that are allowed to flower and
mature will transport a large portion of their bio-
mass nitrogen into the seeds or beans. Also, once
the legume has stopped actively growing, it will
shut down the N-fixing symbiosis. In annual
legumes this occurs at the time of flowering; no
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additional N gain will occur after that point. Unless
you want a legume to reseed itself, it’s generally a
good idea to kill a legume cover crop in the early-
to mid-blossom stage. You'll have obtained maxi-
mum legume N and need not delay planting of the
following cash crop any further, aside from any
period you may want for residue decomposition as
part of your seedbed preparation.

How Nitrogen is Released

How much N will soil really acquire from a
legume cover crop? Let’s take it from the point of
a freshly killed, annual legume, cut down in its
prime at mid-bloom.The management and climat-
ic events following the death of that legume will
greatly affect the amount and timing of N release
from the legume to the soil.

Most soil bacteria will feast on and rapidly
decompose green manures such as annual
legumes, which contain many simple sugars and
proteins as energy sources. Soil bacteria love to
party and when there is lots to eat, they do some-
thing that no party guest you've ever invited can
do—they reproduce themselves, rapidly and
repeatedly, doubling their population in as little as
seven days under field conditions (306). Even a
relatively inactive soil can come to life quickly
with addition of a delectable green manure.

The result can be a very rapid and large release
of nitrate into the soil within a week of the green
manure’s demise. This N release is more rapid
when covers are plowed down than when left on
the surface. As much as 140 1b. N/A has been
measured 7 to 10 days after plowdown of hairy
vetch (363). Green manures that are less protein-
rich (N-rich) will take longer to release N.Those
that are old and fibrous or woody are generally
left for hard-working but somewhat sluggish fungi
to convert slowly to humus over the years, gradu-
ally releasing small amounts of nutrients.

Other factors contribute significantly to how
quickly a green manure releases its N. Weather has a
huge influence. The soil organisms responsible for
decomposition work best at warm temperatures
and are less energetic during cool spring months.

Soil moisture also has a dramatic effect.
Research shows that soil microbial activity peaks
when 60 percent of the soil pores are filled with
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water, and declines significantly when moisture
levels are higher or lower (244).This 60 percent
water-filled pore space roughly corresponds to
field capacity, or the amount of water left in the
soil when it is allowed to drain for 24 hours after
a good soaking rain.

Microbes are sensitive to soil chemistry as well.
Most soil bacteria need a pH of between 6 and 8
to perform at peak; fungi (the slow decomposers)
are still active at very low pH. Soil microorganisms
also need most of the same nutrients that plants
require, so low-fertility soils support smaller pop-
ulations of primary decomposers, compared with
high-fertility soils. Don’t expect N-release rates or
fertilizer replacement values for a given cover
crop to be identical in fields of different fertility.

Many of these environmental factors are out of
your direct control in the near term. Management
factors such as fertilization, liming and tillage,
however, also influence production and availabili-
ty of legume N.

Tillage, No-Tillage and N-Cycling

Tillage affects decomposition of plant residues in
a number of ways. First, any tillage increases soil
contact with residues and increases the microbes’
access to them. The plow layer is a hospitable
environment for microbes, as they’re sheltered
from extremes of temperature and moisture.
Second, tillage breaks the residue into smaller
pieces, providing more edges for microbes to
munch.Third, tillage will temporarily decrease the
density of the soil, generally allowing it to drain
and therefore warm up more quickly. All told,
residues incorporated into the soil tend to decom-
pose and release nutrients much faster than those
left on the surface, as in a no-till system.That’s not
necessarily good news, however.

A real challenge of farming efficiently is to keep
as much of the N as possible in a stable, storable
form until it’s needed by the crop. The best
storage form of N is the organic form: the unde-
composed residue, the humus or the microorgan-
isms themselves.

Let’s consider the N contained in the microbes.
Nitrogen is a nutrient the microbes need for build-
ing proteins and other compounds. Carbon-con-
taining compounds such as sugars are mainly
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How Much N?

To find out if you might need more N than
your green manure will supply, you need to
estimate the amount of N in your cover crop.
To do this, assess the total yield of the green
manure and the percentage of N in the plants
just before they die.

To estimate yield, take cuttings from several
areas in the field, dry and weigh them. Use a
yardstick or metal frame of known dimensions
(1 ft.x 2 ft., which equals 2 ft* works well)
and clip the plants at ground level within the
known area. Dry them out in the sun for a few
consecutive days, or use an oven at about
140° F for 24 to 48 hours until they are
“crunchy dry”” Use the following equation
to determine per-acre yield of dry matter:

Vield (Ib.)/Acre = Total weight of dried samples (Ib.) 43,560 sg. ft.
# square feet you sampled 1 Acre

While actually sampling is more accurate,
you can estimate your yield from the height of
your green manure crop and its percent
groundcover. Use these estimators:

At 100 percent groundcover and 6-inch
height*, most nonwoody legumes will contain
roughly 2,000 Ib./A of dry matter. For each
additional inch, add 150 Ib. So, a legume that is
18 inches tall and 100 percent groundcover
will weigh roughly:

Inches >6: 18 in.-6 in. = 12 in.

X 150 Ib.fin.: 12 in. X 150 Ib.fin. = 1,800 Ih.
Add 2,000 Ib.: 2,000 Ib. + 1,800 Ib. = 3,800 Ib.

If the stand has less than 100 percent
groundcover, multiply by (the percent ground
cover / 100). In this example, for 60 percent
groundcover, you would obtain:

3,800 x (60/100) = 2,280 Ib.

Keep in mind that these are rough
estimates to give you a quick guide for the
productivity of your green manure.To know
the exact percent N in your plant tissue, you
would have to send it to a lab for analysis.
Even with a delay for processing, the results
could be helpful for the crop if you use split
applications of N.Testing is always a good idea,
as it can help you refine your N estimates for
subsequent growing seasons.

The following rules of thumb may help here:

* Annual legumes typically have between
3.5 and 4 percent N in their aboveground
parts prior to flowering (for young material,
use the higher end of the range), and 3 to 3.5
percent at flowering. After flowering, N in the
leaves decreases quickly as it accumulates in
the growing seeds.

* For cereal rye, the height relationship is a bit different. Cereal rye
weighs approximately 2,000 Ib./A of dry matter at an 8-inch height
and 100 percent groundcover. For each additional inch, add 150
Ib., as before, and multiply by (percent groundcover/100). For most
small grains and other annual grasses, start with 2,000 Ib./A at 6
inches and 100 percent ground cover.Add 300 Ib. for each
additional inch and multiply by (percent groundcover/100).

energy sources, which the microorganisms use as
fuel to live.The process of burning this fuel sends
most of the carbon back into the atmosphere as
carbon dioxide, or COx.

Suppose a lot of new food is suddenly put into
the soil system, as when a green manure is
plowed down. Bacteria will expand their popula-
tions quickly to tap the carbon-based energy
that’s available. All the new bacteria, though, will
need some N, as well as other nutrients, for body
building before they can even begin to eat. So any
newly released or existing mineral N in soil gets
scavenged by new bacteria.
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Materials with a high carbon to nitrogen (C:N)
ratio, such as mature grass cover crops, straw or
any fibrous, woody residue, have a low N content.
They can “tie up” soil N, keeping it immobilized
(and unavailable) to crops until the carbon “fuel
supply” starts depleting. Tie-up may last for sever-
al weeks in the early part of the growing season,
and crop plants may show the yellowing charac-
teristic of N deficiencies. That is why it often
makes sense to wait one to three weeks after
killing a low-N cover before planting the next
crop, or to supplement with a more readily avail-
able N source when a delay is not practical.
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¢ For perennial legumes that have a
significant number of thick, fibrous or woody
stems, reduce these estimates by 1 percent.

* Most cover crop grasses contain 2 to 3
percent N before flowering and 1.5 to 2.5
percent after flowering.

e Other covers, such as brassicas and
buckwheat, will generally be similar to, or
slightly below, grasses in their N content.To
put it all together:

Total N in green manure (Ib./A) = yield (Ib./A) X % N
100

To estimate what will be available to your

crop this year, divide this quantity of N by:

* 2,if the green manure will be conventionally
tilled;

* 4, if it will be left on the surface in a no-till
system in Northern climates;

« 2, if it will be left on the surface in a no-till
system in Southern climates.

Bear in mind that in cold climates, N will
mineralize more slowly than in warm climates,
as discussed above. So these are gross
estimates and a bit on the conservative side.

Of course, cover crops will not be the only
N sources for your crops.Your soil will release
between 10 and 40 1b. N/A for each 1 percent
organic matter. Cold, wet clays will be at the
low end of the scale and warm, well-drained
soils will be at the high end.You also may
receive benefits from last year’s manure, green
manure or compost application.

Other tools could help you refine your
nitrogen needs. On-farm test strips of cover
crops receiving different N rates would be an
example. Refer to Appendix A, Testing Cover
Crops on Your Farm (p. 189) for some tips on
designing an on-farm trial. In some regions, a
pre-sidedress N test in spring could help you
estimate if supplemental N will be cost-
effective. Bear in mind that pre-sidedress
testing does not work well when fresh plant
residues have been turned in—too much
microbial interference relating to N tie-up may
give misleading results.

For more information on determining your
N from green manures and other amendments,
see the Northeast Cover Crop Handbook
36D).

—Marianne Sarrantonio, Ph.D.

Annual legumes have low C:N ratios, such as
10:1 or 15:1.When pure stands of annual legumes
are plowed down, the N tie-up may be so brief
you will never know it occurred.

Mixed materials, such as legume-grass mixtures,
may cause a short tie-up, depending on the C:N
ratio of the mixture. Some N storage in the micro-
bial population may be advantageous in keeping
excess N tied up when no crop roots are there to
absorb it.

Fall-planted mixtures are more effective in
mopping up excess soil N than pure legumes and,
as stated earlier, the N is mineralized more rapidly
from mixtures than from pure grass.A fall-seeded
mixture will adjust to residual soil N levels. When
the N levels are high, the grass will dominate and
when N levels are low, the legume will dominate
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the mixtures. This can be an effective manage-
ment tool to reduce leaching while making the N
more available to the next crop.

Potential Losses

A common misunderstanding about using green
manure crops is that the N is used more efficient-
ly because it’s from a plant source.This is not nec-
essarily true. Nitrogen can be lost from a green
manure system almost as easily as from chemical
fertilizers, and in comparable amounts.The reason
is that the legume organic N may be converted to
ammonium (NHs), then to ammonia (NH3) or
nitrate (NO3) before plants can take it up. Under
no-till systems where killed cover crops remain
on the surface, some ammonia (NH3) gas can be
lost right back into the atmosphere.
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Nitrate is the form of N that most plants prefer.
Unfortunately, it is also the most water-soluble
form of N. Whenever there is more nitrate than
plant roots can absorb, the excess may leach with
heavy rain or irrigation water.

As noted earlier, nitrates in excess of 140 Ib./A
may be released into warm, moist soil within as little
as seven to 10 days after plowing down a high-N
legume, such as a hairy vetch stand. Since the fol-
lowing crop is unlikely to have much of a root sys-
tem at that point, the N has a ticket for Leachville.
Consider also that the green manure may have been
plowed down to as deep as 12 inches—much deep-
er than anyone would consider applying chemical
fertilizer. Moreover, green manures sometimes con-
tinue to decompose after the cash crop no longer
needs N.This N also is prone to leaching.

To summarize, conventional plowing and aggres-
sive disking can cause a rapid decomposition of
green manures, which could provide too much N
too soon in the cropping season. No-till systems will
have a reduced and more gradual release of N,
but some of that N may be vulnerable to gaseous
loss, either by ammonia volatilization or by deni-
trification, which occurs when NO3- converts to
gases under low O: (flooded) conditions. Thus,
depending on management, soil and weather situa-
tions, N from legume cover crops may not be more
efficiently used than N from fertilizer.

Some possible solutions to this cover crop
nitrogen-cycling dilemma:

* A shallow incorporation of the green manure,
as with a disk, may reduce the risk of gaseous loss.

* It may be feasible to no-till plant or transplant
into the green manure, then mow or incorporate
it between the rows 10-14 days later, when cash
crop roots are more developed and able to take
up N. This has some risk, especially when soil
moisture is limiting, but can provide satisfactory
results if seedling survival is assured.

* Residue from a grass/legume mix will have a
higher C:N than the legume alone, slowing the
release of N so it’s not as vulnerable to loss.

Consider also that some portion of the N in the
green manure will be conserved in the soil in an

24

organic form for gradual release in a number of
subsequent growing seasons.

OTHER SOIL-IMPROVING BENEFITS

Cover crops can be very useful as living plows to
penetrate and break up compacted layers in the
soil. Some of the covers discussed in this book,
such as sweetclover and forage radish, have roots
that reach as deep as three feet in the soil with-
in one cropping season.The action of numerous
pointy little taproots with the hydraulic force of
a determined plant behind them can penetrate
soil where plowshares fear to go. Grasses, with
their tremendously extensive root systems, may
relieve compacted surface soil layers. Sorghum-
sudangrass can be managed to powerfully frac-
ture subsoil. See Summer Covers Relieve
Compaction (p. 110).

One of the less appreciated soil benefits of
cover crops is an increase in the total numbers
and diversity of soil organisms. As discussed ear-
lier, diversity is the key to a healthy, well-func-
tioning soil. Living covers help supply
year-round food for organisms that feed off root
by-products or that need the habitat provided on
a residue-littered soil surface. Dead covers sup-
ply a more varied and increased soil diet for
many organisms.

Of course, unwanted pests may be lured to the
field. Effective crop rotations that include cover
crops, however, tend to reduce rather than
increase pest concerns. Pest-management consid-
erations due to the presence of a cover crop are
discussed in the next chapter, Managing Pests
with Cover Crops (p. 25).

Finally, cover crops may have an added advan-
tage of drying out and therefore warming soils
during a cold, wet season. The flip side of this is
that they may dry the soil out too much and rob
the following crop of needed moisture.

There are no over-the-counter elixirs for renew-
ing soil. A long-term farm plan that includes cover
crops, however, can help ensure your soil’s health
and productivity for as long as you farm.
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MANAGING PESTS WITH COVER CROPS

By Sharad C. Phatak and Juan Carlos Diaz-Perez

over crops are poised to play increasingly

important roles on North American farms.

In addition to slowing erosion, improving
soil structure and providing fertility, we are learn-
ing how cover crops help farmers to manage
pests (390). With limited tillage and careful atten-
tion to cultivar choice, placement and timing,
cover crops can reduce infestations by insects,
diseases, nematodes and weeds. Pest-fighting
cover crop systems help minimize reliance on
pesticides, and as a result cut costs, reduce your
chemical exposure, protect the environment, and
increase consumer confidence in the food you
produce.

Farmers and researchers are using cover crops
to design new strategies that preserve a farm’s
natural resources while remaining profitable. Key
to this approach is to see a farm as an “agro-
ecosystem”—a dynamic relationship of the min-
eral, biological, weather and human resources
involved in producing crops or livestock. Our
goal is to learn agricultural practices that are
environmentally sound, economically feasible and
socially acceptable.

Environmentally sustainable pest management
starts with building healthy soils. Research in
south Georgia (see Georgia Cotton, Peanut
Farmers, p. 26) shows that crops grown on bio-
logically active soils resist pest pressures better
than those grown on soils of low fertility, extreme
pH, low biological activity and poor soil structure.

There are many ways to increase biological
activity in soil. Adding more organic material by
growing cover crops or by applying manure or
compost helps. Reducing or eliminating pesti-
cides favors diverse, healthy populations of bene-
ficial soil flora and fauna. So does reducing or
eliminating tillage that causes losses of soil struc-
ture, biological life or organic matter.These losses
make crops more vulnerable to pest damage.

Farming on newly cleared land shows the
process well. Land that has been in a “cover crop”
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of trees or pastures for at least 10 years remains
productive for row crops and vegetables for the
first two to three years. High yields of agronomic
and horticultural crops are profitable, with com-
paratively few pesticide and fertilizer inputs.
After that period—under conventional systems
with customary clean tillage—annual crops
require higher inputs. The first several years of
excessive tillage destroys the food sources and
micro-niches on which the soil organisms that
help suppress pests depend. When protective nat-
ural biological systems are disrupted, pests have
new openings and crops are much more at risk.

Cover crop farming is different from clean-field
monocropping, where perfection is rows of corn
or cotton with no thought given to encouraging
biological diversity. Cover crops bring more forms
of life into the picture and into your management
plan. By working with a more diverse range of
crops, some growing at the same time in the same
field, you've got a lot more options. Here’s a quick
overview of how these systems work.

Insect Management

In balanced ecosystems, insect pests are kept in
check by their natural enemies (409). These nat-
ural pest control organisms —called beneficials in
agricultural systems—include predator and para-
sitoid insects and diseases. Predators kill and eat
other insects; parasitoids spend their larval stage
inside another insect, which then dies as the
invader’s larval stage ends. However, in conven-
tional agricultural systems, synthetic chemical
treatments that kill insect pests also typically kill
the natural enemies of the insects. Conserving
and encouraging beneficial organisms is a key to
achieving sustainable pest management.

You should aim to combine strategies that
make each farm field more hospitable to benefi-
cials. Reduce pesticide use, and, when use is
essential, select materials that are least harmful to
beneficials. Avoid or minimize cultural practices
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TIFTON, Ga.—Here in southwestern Georgia, 'm
working with farmers who have had dramatic
success creating biologically active soil in fields
that have been conventionally tilled for genera-
tions. We still grow the traditional cash crops of
cotton and peanuts, but with a difference. We’ve
added cover crops, virtually eliminated tillage,and
added new cash crops that substitute for cotton
and peanuts some years to break disease cycles
and allow for more biodiversity.

Our strategies include no-till planting (using
modified conventional planters), permanent
planting beds, controlled implement traffic,
crop rotation and annual high-residue winter
cover crops. We incorporate fertilizer and lime
prior to the first planting of rye in the conver-
sion year. This is usually the last tillage we plan
to do on these fields for many years. Together,
these practices give us significant pest manage-
ment benefits within three years.

Growers are experimenting with a basic win-
ter cover crop>summer cash crop rotation. Our
cover crops are ones we know grow well here.
Rye provides control of disease, weed and
nematode threats. Legume crops are crimson
clover, subterranean clover or cahaba vetch.
They are planted with the rye or along field bor-
ders, around ponds, near irrigation lines and in
other non-cropped areas as close as possible to
fields to provide the food needed to support
beneficials at higher populations.

When I work with area cotton and peanut
growers who want to diversify their farms, we
set up a program that looks like this:

e Year 1. Fall—Adjust fertility and pH
according to soil test. Deep till if necessary to
relieve subsurface soil compaction. Plant a
cover crop of rye, crimson clover, cahaba vetch
or subterranean clover.

Georgia Cotton, Peanut Farmers Use Cover Crops to Control Pests

Spring—Strip-till rows 18 to 24 inches wide,
leaving the cover crop growing between the
strips. Three weeks later, plant cotton.

* Year 2. Fall—Replant cereal rye or cahaba
vetch, allow crimson or subclover hard seed to
germinate.

Spring—Strip-till cotton.

* Year 3. Fall—Plant rye.

Spring—Desiccate rye with herbicides.
No-till plant peanuts.

* Year 4. The cycle starts again at year 1.

Vegetable farmers frequently use fall-planted
cereal rye plowed down before vegetables, or
crimson clover strip-tilled before planting veg-
etables. The crimson clover matures, drops hard
seed, then dies. Most of the seed germinates in
the fall. Cereal/legume mixes have not been
more successful than single-crop cover crop
plantings in our area.

Some vegetable farmers strip-till rows into
rye in April. The strips are planted in early May
to Southern peas, lima beans or snap beans. Rye
in row middles will be dead or nearly dead. Rye
or crimson clover can continue the rotation.

Vegetable farmers also broadcast crimson
clover in early March.They desiccate the cover,
strip-till rows, then plant squash in April. The
clover in the row middles will set seed then die
back through summer. The crimson strips will
begin to regrow in the fall from the dropped
seed, and fall vegetables may be planted in the
tilled areas after the July squash harvest.

Insecticide and herbicide reduction begins
the first year, with no applications needed by
the third or fourth year in many cases.

The farmers get weed control by flail mow-
ing herbicidekilled, fall-planted rye, leaving
about 6 inches of stubble. Alternatively, they

such as tilling and burning that kill beneficials and
destroy their habitat. Build up the sustenance and
habitat that beneficials need. Properly managed cover
crops supply moisture, physical niches and food in
the form of insects, pollen, honeydew and nectar.
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By including cover crops in your rotations and
not spraying insecticides, beneficials often are
already in place when you plant spring or sum-
mer crops. However, if you fully incorporate cover
crops into the soil, you destroy or disperse most
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could use a roller to kill the rye crop. One or
two post-emerge herbicide applications should
suffice in the first few years. I don’t recom-
mend cultivation for weed control because it
increases risks of soil erosion and damages the
protective outer leaf surface layer (cuticle) that
helps prevent plant diseases.

We see changes on farms where the rota-
tions stay in place for three or more years:

+ Insects. Insecticide costs under con-
servation tillage are $50 to $100/A less
than conventional crop management in the
area for all kinds of crops. The farmers using
the alternative system often substitute with
insect control materials such as Bacillus
thuringiensis (Bt), pyrethroids, and insect
growth regulators that have less severe envi-
ronmental impact than chemical pesticides.
These products are less persistent in the field
environment, more targeted to specific pests
and do less harm to beneficials. By planting
cover crops on field edges and in other
non-crop areas, these farmers are increasing
the numbers of beneficials in the field
environments.

Pests that are no longer a problem on the
cover-cropped farms include thrips, bollworm,
budworm, aphids, fall armyworm, beet army-
worm and white flies. On my no-till research
plots with cover crops and long rotations, I've
not used insecticides for six years on peanuts,
for eight years on cotton and for 12 years on
vegetables. I'm working with growers who use
cover crops and crop rotations to economic-
ally produce cucumbers, squash, peppers, egg-
plant, cabbage, peanuts, soybeans and cotton
with only one or two applications of insecti-
cide—sometimes with none.

* Weeds. Strip-tilling into over-wintered
cover crops provides acceptable weed control
for relay-cropped cucumbers (325). Convent-
ional management of rye in our area is usually
to disk or kill it with broad-spectrum herbi-
cides such as paraquat or glyphosate. Rye can
also be killed with a roller, providing an accept-
able level of weed control for the subsequent
cash crop.

* Diseases. I've been strip-tilling crimson
clover since 1985 to raise tomatoes, peppers,
eggplant, cucumbers, cantaloupes, lima beans,
snap beans, Southern peas and cabbages. I'm
using no fungicides. Our research staff has
raised peanuts no-tilled into cereal rye for the
past six years, also without fungicides.

» Nematodes. If we start on land where pest
nematodes are not a major problem, this system
keeps them from becoming a limiting factor.

Even though the conventional wisdom says
you can’t build organic matter in our climate
and soils, we have top-inch readings of 4 per-
cent organic matter in a field that tested 0.5
percent four years ago.

We are still learning, but know that we can
rotate crops, use cover crops and cut tillage to
greatly improve our sustainability. In our expe-
rience, we’ve reduced total costs by as much
as $200 per acre for purchased inputs and
tillage. Parts of our system will work in many
places. Experiment on a small scale to look
more closely at what'’s really going in your soil
and on your crops. As you compare insights
and share information with other growers and
researchers in your area, you’ll find cover crops
that help you control pests, too.

—Sharad C. Phatak

of the beneficials that were present. Conservation
tillage is a better option because it leaves more of
the cover crop residue on the surface. No-till
planting only disturbs an area 2 to 4 inches wide,
while strip-tilling disturbs an area up to about 24
inches wide between undisturbed row middles.

MANAGING PESTS WITH COVER CROPS

Cover crops left on the surface may be living,
temporarily suppressed, dying or dead. In any
event, their presence protects beneficials and
their habitat. The farmer-helpful organisms are
hungry, ready to eat the pests of cash crops that
are planted into the cover-crop residue. The ulti-
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mate goal is to provide year-round food and habi-
tat for beneficials to ensure their presence within
Or near primary Crops.

We're just beginning to understand the effects
of cropping sequences and cover crops on bene-
ficial and insect pest populations. Researchers
have found that generalist predators, which
feed on many species, may be an important bio-
logical control. During periods when pests are
scarce or absent, several important generalist
predators can subsist on nectar, pollen and alter-
native prey afforded by cover crops.This suggests
you can enhance the biological control of pests
by using cover crops as habitat or food for the
beneficials in your area.

This strategy is important for farmers in the
South, where pest pressure can be especially
heavy. In south Georgia, research showed that
populations of beneficial insects such as insidious
flower bugs (Orius insidiosus), bigeyed bugs
(Geocoris spp.) and various lady beetles
(Coleoptera coccinellidae) can attain high densi-
ties in various vetches, clovers and certain crucif-
erous crops. These predators subsisted and
reproduced on nectar, pollen, thrips and aphids,
and were established before key pests arrived.
Research throughout Georgia, Alabama and
Mississippi showed that when summer vegetables
were planted amid “dying mulches” of cool-season
cover crops, some beneficial insects moved in to
attack crop pests.

When crops are attacked by pests, they send
chemical signals that attract beneficial insects.The
beneficials move in to find their prey (420).

Maximizing natural predator-pest interaction is
the primary goal of biologically based Integrated
Pest Management (IPM), and cover crops can play
a leading role. For example:

*» Colorado potato beetles were observed at 9
a.m. attacking eggplant that had been strip-till
planted into crimson clover. By noon, assassin
bugs had clustered around the feeding beetles.
The beneficial bugs destroyed all the beetles by
evening.

» Cucumber beetles seen attacking cucumber
plants were similarly destroyed by beneficials
within a day.
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» Lady beetles in cover crop systems help to
control aphids attacking many crops.

Properly selected and managed, cover crops can
enhance the soil and field environment to favor
beneficials. Success depends on properly manag-
ing the cover crop species matched with the cash
crops and anticipated pest threats.While we don’t
yet have prescription plantings guaranteed to
bring in all the needed beneficials—and only ben-
eficials—for long lists of cash crops, we know
some associations:

* We identified 13 known beneficial insects
associated with cover crops during one growing
season in south Georgia vegetable plantings (53,
55,57).

¢ In cotton fields in south Georgia where
residues are left on the surface and insecticides
are not applied, more than 120 species of benefi-
cial arthropods, spiders and ants have been
observed.

 Fall-sown and spring-sown insectory mixes
with 10 to 20 different cover crops work well
under orchard systems. These covers provide
habitat and alternative food sources for beneficial
insects.This approach has been used successfully
by California almond and walnut growers partici-
pating in the Biologically Intensive Orchard
Systems (BIOS) project of the University of
California (184).

BUCKWHEAT grows quickly in cool, moist weather.

MANAGING COVER CROPS PROFITABLY



The level of ecological sustainability depends
on the grower’s interests, management skills and
situation. Some use no insecticides while others
have substantially reduced insecticide applica-
tions on peanut, cotton and vegetable crops.

* In Georgia, Mississippi and South Carolina,
minimally tilled crimson clover or cahaba vetch
before cotton planting have been successful in
reducing fertilizer N up to 50 percent and insecti-
cide inputs by 30 to 100 percent.

* Many farmers are adopting a system of trans-
planting tomatoes, peppers and eggplant into a
killed hairy vetch or vetch/rye cover crop.
Benefits include weed, insect and disease sup-
pression, improved fruit quality and overall lower
production cost.

* Leaving “remnant strips” of a cover when
most of the crop is mowed or incorporated pro-
vides a continuing refuge and food source for ben-
eficials, which might otherwise leave the area or
die. This method is used in orchards when con-
tinued growth of cover crops would cause mois-
ture competition with trees.

* Insect movement is orchestrated in a system
developed by Oklahoma State University for
pecan growers. As legume mixtures senesce, ben-
eficials migrate into trees to help suppress harm-
ful insects. Not mowing the covers from August 1
until shuck split of the developing pecans lessens
the unwanted movement of stink bugs, a pest
which can damage green pecans (261). In
California, lygus bugs on berseem clover or alfalfa
are pests of cash crops. Be careful that cover crop
maturity or killing a cover doesn’t force pests into
a neighboring cash crop.

Disease Management

Growers traditionally have been advised to turn
under plant debris by moldboard plowing to min-
imize crop losses due to diseases (321, 322, 403,
405,406). Now we realize that burying cover crop
residues and disrupting the entire soil profile
eliminates beneficial insect habitats and the bene-
fits of weed control by crop residues. The
increased use of conservation tillage increases the
need to manage crop disease without burying
cover Crops.

MANAGING PESTS WITH COVER CROPS

In the field, although Cover crops
plants are exposed to a
wide diversity of micro-
organisms, plant infec-
tion by microorganisms
is rare (314). A patho-
gen has to cross many
plant barriers before it
can cause disease to
roots, stem or leaves.
You can use cover
crops to reinforce two of these barriers.

Plant cuticle layer. This often waxy surface
layer is the first physical barrier to plant pene-
tration. Many pathogens and all bacteria enter
the plant through breaks, such as wounds, or nat-
ural openings, such as stomata, in this cuticle
layer. This protective layer can be physically
damaged by cultivation, manipulation, spraying
and sand-blasting from wind erosion, as well as
by the impact and soil splashing from raindrops
and overhead irrigation. Spray adjuvants may
also damage the waxes of the cuticle resulting in
more disease, as with Botritys cinerea rot in
grapes (356, 367). In well-developed minimum-
till or no-till crop systems with cover crops, you
may not need cultivation for weed control (see
below) and you can minimize spraying. Organic
mulches form living, dying or killed covers that
hold soil, stop soil splashing and protect crops
from injury to the cuticle.

Plant surface microflora. Many benign
organisms are present on the leaf and stem sur-
face. They compete with pathogens for a limited
supply of nutrients. Some of these organisms pro-
duce natural antibiotics. Epiphytic bacteria adhere
to plant surfaces forming multicellular structures
known as biofilms (339). These biofilms play an
important role in plant disease. Pesticides, soaps,
surfactants, spreaders and sticking agents can kill
or disrupt these beneficial microorganisms, weak-
ening the plant’s defenses against pathogens
(356, 3067). Cover crops can help this natural pro-
tection process work by reducing the need for
application of synthetic crop protection materi-
als. Further, cover crop plant surfaces can support
healthy populations of beneficial microorgan-

can enhance
the soil and field
environment to
favor beneficial
insects.
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Many crops can be managed as cover crops, but
only a few have been studied specifically for
their pestrelated benefits on cash crops and
field environments.

Learn all you can about the impacts of a
cover crop species to help you manage it in
your situation. Here are several widely used
cover crops described by their effects under
conservation tillage in relation to insects,
diseases, nematodes and weeds.

* Cereal Rye (Secale cereale)—This winter
annual grain is perhaps the most versatile cover
crop used in the continental United States.
Properly managed under conservation tillage,
rye has the ability to reduce soil-borne diseases,
nematodes and weeds. Rye is a non-host plant
for rootknot nematodes and soil-borne dis-
eases. It produces significant biomass that
smothers weeds when it is left on the surface
and also controls weeds allelopathically
through natural weed-suppressing compounds.

As it grows, rye provides habitat, but not
food, for beneficial insects. Thus, only a small
number of beneficial insects are found on rye.

Fall-planted rye works well in reducing soil-
borne diseases, root-knot nematodes and
broadleaf weeds in all cash crops that follow,

Select Covers that Balance Pests, Problems of Farm

including cotton, soybean and most vegetables.
Rye will not control weedy grasses. Because it
can increase numbers of cut worms and wire
worms in no-till planting conditions, rye is not
the most suitable cover where those worms are
a problem ahead of grass crops like corn, sweet
corn, sorghum or pearl millet.

e Wheat (Triticum aestivum)—A winter
annual grain, wheat is widely adapted and
works much like rye in controlling diseases,
nematodes and broadleaf weeds. Wheat is not
as effective as rye in controlling weeds because
it produces less biomass and has less allelo-
pathic effect.

 Crimson Clover (Trifolium incarnatum)
—Used as a selfreseeding winter annual legume
throughout the Southeast, fall-planted crimson
clover supports and increases soil-borne dis-
eases, such as the pythium-rhizoctonia complex,
and rootknot nematodes. It suppresses weeds
effectively by forming a thick mulch. Crimson
clover supports high densities of beneficial
insects by providing food and habitat. Because
some cultivars produce “hard seed” that resists
immediate germination, crimson clover can be
managed in late spring so that it reseeds in late
summer and fall.

isms, including types of yeasts that can migrate
onto a cash crop after planting or transplanting.
Soilborne pathogenic fungi limit production of
vegetables and cotton in the southern U.S. (404,
405, 406, 407). Rbizoctonia solani, Pythium
myriotylum, Pythium phanidermatum and
Pythium irregulare are the most virulent patho-
genic fungi that cause damping-off on cucum-
bers, snap beans, and other vegetables.
Sclerotium rolfsii causes rot in all vegetables and
in peanuts and cotton. Infected plants that do not
die may be stunted because of lesions caused by
fungi on primary or secondary roots, hypocotyls
and stems, and may have reduced yields of low
quality. But after two or three years in cover
cropped, no-till systems, damping-off is not a seri-
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ous disease, as experience on south Georgia farms
and research plots shows. Increased soil organic
matter levels may help in reducing plant disease
incidence and severity by enhancing natural dis-
ease suppression (252, 424).

In soils with high levels of disease inoculum,
however, it takes time to reduce population levels
of soil pathogens using only cover crops. After
tests in Maine with oats, broccoli, white lupine
Lupinus albus) and field peas (Pisum sativum)
researchers cautioned it may take three to five
years to effectively reduce stem lesion losses on
potatoes caused by R. solani (240).Yet there are
single-season improvements, too. For example, in
an Idaho study, Verticillium wilt of potato was
reduced by 24 to 29 percent following sudangrass

MANAGING COVER CROPS PROFITABLY



 Subterranean Clover (Trifolium subter-
raneum)—A self-reseeding annual legume, fall-
planted subterranean clover carries the same
risks as crimson clover with soil-borne diseases
and nematodes. It suppresses weeds more
effectively in the deep South, however, because
of its thick and low growth habit. Subclover
supports a high level of beneficial insects.

e Cahaba White Vetch (Vica sativa X V.
cordata)—This cool-season annual legume is a
hybrid vetch that increases soilborne diseases
yet suppresses root-knot nematodes. It supports
beneficial insects, yet attracts very high num-
bers of the tarnished plant bug, a serious pest.

» Buckwheat (Fagopyrum esculentum)— A
summer annual non-legume, buckwheat is very
effective in suppressing weeds when planted
thickly. It also supports high densities of benefi-
cial insects. It is suitable for sequential planting
around non-crop areas to provide food and
habitat for beneficial insects. It is very attractive
to honeybees.

A well-planned crop rotation maximizes bene-
fits and compensates for the risks of cover
crops and cash crops. Planting rye in a no-till

system substantially reduces root-knot nema-
todes, soil-borne diseases and broadleaf weeds.
By using clovers and vetches in your fields and
adding beneficial habitat in non-cultivated
areas, you can increase populations of benefi-
cial insects that help to keep insects pests
under control. Mixed plantings of small grains
and legumes combine benefits of both while
reducing their shortcomings.

As pesticides of all types (fungicides, herbi-
cides, nematicides and insecticides) are
reduced, the field environment becomes
increasingly resilient in keeping pest outbreaks
in check. Plantings to further increase benefi-
cial habitat in non-cultivated areas can help
maintain pollinating insects and pest predators,
but should be monitored to avoid build-ups of
potential pests. Researchers are only beginning
to understand how to manage these “insectary
plantings.”

Editor’s Note: Each cover crop listed here,
except for cahaba vetch, is included in the
charts (p. 62 and following) and is fully
described in its respective section. Check the
Table of Contents (p.4) for location.

—Sharad C. Phatak

green manure. Yield of U.S. No.l1 potatoes
increased by 24 to 38 percent compared with
potatoes following barley or fallow (394).

Nematode Management

Nematodes are minute roundworms that interact
directly and indirectly with plants. Some species
feed on roots and weaker plants,and also introduce
disease through feeding wounds. Most nematodes
are not plant parasites, but feed on and interact
with many soil-borne microorganisms, including
fungi, bacteria and protozoa. Damage to the crop
from plant-parasitic nematodes results in a break-
down of plant tissue, such as lesions or yellow
foliage; retarded growth of cells, seen as stunted
growth or shoots; or excessive growth such as root
galls, swollen root tips or unnatural root branching.

MANAGING PESTS WITH COVER CROPS

If the community of nematodes contains
diverse species, no single species will dominate.

This coexistence would be the case in the
undisturbed field or woodland described above.

In conventional crop systems, pest nematodes
have abundant food and the soil environment is
conducive to their growth. This can lead to rapid
expansion of plant parasitic species, plant disease
and yield loss. Cropping systems that increase bio-
logical diversity over time usually prevent the onset
of nematode problems. Reasons may include a
dynamic soil ecological balance and improved,
healthier soil structure with higher organic matter
(5, 245, 424). In Michigan, to limit nematodes
between potato crops,some potato growers report
that two years of radish improves potato produc-
tion and lowers pest control costs (270, 271).
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Once a nematode species is established in a
field, it is usually impossible to eliminate it. Some
covers can enhance a resident parasitic nematode
population if they are grown before or after
another crop that hosts a plant-damaging nema-
tode species.

If a nematode pest species is absent from the
soil, planting a susceptible cover crop will not
give rise to a problem, assuming the species is not
introduced on seed, transplants or machinery
(357). Iowa farmer Dick Thompson reports that
researchers analyzing his fields found no evidence
that hairy vetch, a host for soybean cyst nema-
tode, caused any problem with the pest in his
soybeans. This may be due to his use of compost
in strip-cropped fields with an oats/hairy
vetch>corn>soybean rotation.

You can gradually reduce a field’s nematode
pest population or limit nematode impact on
crops by using specific cover crops. Nematode
control tactics involving covers include:
¢ Manipulating soil structure or soil humus
¢ Rotating with non-host crops
» Using crops with nematicidal effects, such as

brassicas

Cover crops may also improve overall plant vitali-
ty to lessen the nematode impact on yield. But if
you suspect nematode trouble, send a soil sample
for laboratory analysis to positively identify the
nematode species. Then be sure any cover crops
you try aren’t alternate hosts for that pest species.
Area IPM specialists can help you.

Using brassicas and many grasses as cover
crops can help you manage nematodes. Cover
crops with documented nematicidal properties
against at least one nematode species include
sorghum-sudangrass hybrids (Sorghum bicolor X
S. bicolor var: sudanese), marigold (Tagetes patu-
la), hairy indigo (Indigofera birsuta), showy cro-
talaria (Crotolaria spectabilis), sunn hemp
(Crotalaria juncea), velvetbean Mucuna
deeringiana),rapeseed (Brassica rapa), mustards
and radish (Rapbanus satiuus).

You must match specific cover crop species
with the particular nematode pest species, then
manage it correctly. For example, cereal rye
residue left on the surface or incorporated to a
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depth of several inches suppressed Columbia
lance nematodes in North Carolina cotton fields
better than if the cover was buried more deeply
by moldboard plowing. Associated greenhouse
tests in the study showed that incorporated rye
was effective against root-knot, reniform and stub-
by root nematodes, as well (20).

Malt barley, corn, radishes and mustard sometimes
worked as well as the standard nematicide to control
sugar beet nematode in Wyoming sugar beets, a
1994 study showed. Increased production more
than offset the cover crop cost, and lamb grazing of
the brassicas increased profit without diminishing
nematode suppression. The success is conditional
upon a limited nematode density. The cover crop
treatment was effective only if there were fewer
than 10 eggs or juveniles per cubic centimeter of
soil. A moderate sugar beet nematode level was
reduced 54 to 75 percent in about 11 weeks, increas-
ing yield by nearly 4 tons per acre (231).

Weed Management

Cover crops are widely used as smother crops to
shade and out-compete weeds (412). Cereal
grains establish quickly as they use up the mois-
ture, fertility and light that weeds need to survive.
Sorghum-sudangrass hybrids and buckwheat are
warm-season crops that suppress weeds through
these physical means and by plant-produced nat-
ural herbicides (allelopathy).

Cereal rye is an overwintering crop that sup-
presses weeds both physically and chemically. If
rye residue is left on the soil surface, it releases
allelochemicals that inhibit seedling growth of
many annual small-seeded broadleaf weeds, such
as pigweed and lambsquarters. The response of
grassy weeds to rye is more variable. Rye is a
major component in the killed organic mulches
used in no-till vegetable transplanting systems.

Killed cover crop mulches last longer if the
stalks are left intact, providing weed control well
into the season for summer vegetables. Two
implements have been modified specifically to
enhance weed suppression by cover crops. The
undercutter uses a wide blade to slice just under
the surface of raised beds, severing cover crop
plants from their root mass. An attached rolling
harrow increases effectiveness (95, 96, 97). A
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Buffalo rolling stalk chopper does no direct
tillage, but aggressively bends and cuts crops at
the surface (303). Both tools work well on most
legumes when they are in mid-bloom stage or
beyond.

Killed mulch of a cover crop mix of rye, hairy
vetch, crimson clover and barley kept processing
tomatoes nearly weed-free for six weeks in an
Ohio test. This length of time is significant,
because other research has shown that tomato
fields kept weed-free for 36 days yield as much as
fields kept weed-free all season (97, 150). The
roller is another method used to terminate the
cover crop (13). The roller flattens and crimps
the cover crop, forming a flat mat of cover crop
residue that effectively control weeds.

Cover crops can also serve as a“living mulch” to
manage weeds in vegetable production. Cover
crops are left to grow between rows of the cash
crop to suppress weeds by blocking light and out-
competing weeds for nutrients and water. They
may also provide organic matter, nitrogen (Gf
legumes) and other nutrients mined from under-
neath the soil surface, beneficial insect habitat,
erosion prevention, wind protection and a tough
sod to support field traffic.

To avoid competition with the cash crop, living
mulches can be chemically or mechanically sup-
pressed. In the Southeast, some cool-season cover
crops such as crimson clover die out naturally
during summer crop growth and do not compete
for water or nutrients. However, cover crops that
regrow during spring and summer—such as sub-
terranean clover, white clover and red clover—
can compete strongly for water with spring-
planted crops unless the covers are adequately
suppressed.

In New York, growing cover crops overseeded
within three weeks of potato planting provided
good weed suppression, using 70 percent less
herbicide. Yield was the same as, or moderately
reduced from, the standard herbicide control
plots in the two-year study. Hairy vetch, woolly-
pod vetch, oats, barley, red clover and an oats/
hairy vetch mix were suppressed as needed with
fluazifop and metribuzin (341).

Cover crops often suppress weeds early, then
prevent erosion or supply fertility later in the

MANAGING PESTS WITH COVER CROPS

CRIMSON CLOVER, a winter annual legume, grows
rapidly in spring to fix high levels of nitrogen.

season. For example, shade-tolerant legumes such
as red clover or sweetclover that are planted with
spring grains grow rapidly after grain harvest to
prevent weeds from dominating fields in late sum-
mer. Overseeding annual ryegrass or oats at soy-
bean leaf yellowing provides a weed-suppressing
cover crop before frost and a light mulch to sup-
press winter annuals, as well.

Healthy soils grow healthy weeds as well as
healthy crops, making it difficult to manage weeds
in conservation tillage without herbicides. Long
term strategies for weed management should
include:

* Reducing the weed seed bank

* Preventing weeds from going to seed

* Cleaning equipment before moving to differ-
ent fields and farms

* Planting cover crops to help manage weeds in
conservation tillage

Cover crops can play a pest-suppressing role on
virtually any farm. As we find out more about
the pest management benefits of cover crop sys-
tems, they will become even more attractive from
both an economic and an environmental per-
spective. Traditional research will identify some
new pieces of these biologically based systems.
However, growers who understand how all
the elements of their farm fit together will be
the people who will really bring cover crops into
the prominence they deserve in sustainable
farming.
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CROP ROTATION WITH COVER CROPS

Readers’ note: > indicates progression to anotb-
er crop; / indicates a mixture of crops growing
at the same time.

ne of the biggest challenges of cover
Ocropping is to fit cover crops into your
current rotations, or to develop new rota-
tions that take full advantage of their benefits.This
section will explore some of the systems used
successfully by farmers in different regions of the

U.S. One might be easily adapted to fit your exist-

ing crops, equipment and management. Other

examples may point out ways that you can modi-
fy your rotation to make the addition of cover
crops more profitable and practical.

Whether you add cover crops to your existing
rotations or totally revamp your farming system,
you should devote as much planning and atten-
tion to your cover crops as you do to your cash
crops. Failure to do so can lead to failure of the
cover crop and cause problems in other parts of
your system. Also remember that there is likely
no single cover crop that is right for your farm.

Before you start:

* Review Benefits of Cover Crops (p.7) and
Selecting the Best Cover Crops for Your Farm
@®.9.

* Decide which benefits are most important to
you.

¢ Read the examples below, then consider how
these cover crop rotations might be adapted
to your particular conditions.

 Talk to your neighbors and the other “experts”
in your area, including the contact people list-
ed in Regional Experts (p. 202).

« Start small on an easily accessible plot that
you will see often.

* Be an opportunist—and an optimist. If your
cropping plans for a field are disrupted by
weather or other conditions outside of your
control, this may be the ideal window for
establishing a cover crop.

¢ Consider using an early-maturing cash crop to
allow for timely planting of the cover crop.
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* Cover crops can be used for feed. Consider
harvesting or grazing for forage or alternative
livestock such as sheep and goats.

The ideas in this book will help you see cover
crop opportunities, no matter what your system.
For more in-depth scientific analysis of cover
crops in diverse cropping systems, see several
comprehensive reviews listed in Appendix F (77,

100, 362, 390).

COVER CROPS FOR CORN BELT
GRAIN AND OILSEED PRODUCTION

In addition to providing winter cover and build-
ing soil structure, nitrogen (N) management will
probably be a major factor in your cover crop
decisions for the corn>soybean rotation. A fall-
planted grass or small grain will scavenge leftover
N from the previous corn or soybean crop.
Legumes are much less efficient at scavenging N,
but will add N to the system for the following
crop. Legume/grass mixtures are quite good at
both.

Corn>Soybean Systems

Keep in mind that corn is a heavy N feeder, soy-
beans benefit little, if at all, from cover crop N and
that you have a shorter time for spring cover crop
growth before corn than before soybeans.

V¥ Precaution. If you use herbicides, be sure to
check labels for plant-back or rotation intervals to
ensure that your cover crop isn’t adversely affected.

Cover crop features: rye provides winter
cover,scavenges N after corn, becomes a long-last-
ing (6 to 12 week) residue to hold moisture and
suppress weeds for your soybeans; hairy vetch
provides spring ground cover, abundant N and a
moderate-term (4 to 8 week) mulch for a no-till
corn crop; field peas are similar to vetch, but
residue breaks down faster; red clover is also
similar, but produces slightly less N and has less
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vigorous spring regrowth; berseem clover
grows quickly to provide several cuttings for high-
N green manure.

Here are some options to consider adapting to
your system:

Corn>Rye>Soybeans>Hairy Vetch.

In Zone 7 and warmer, you can grow a cover Crop
every year between your corn and full-season
beans. Also, you can use wheat or another small
grain to replace the cover crop before beans, in a
three-crop, two-year rotation (corn>wheat>dou-
blecrop beans). In all cases, another legume or a
grass/legume mixture can be used instead of a sin-
gle species cover crop. Where it is adapted, you
can use crimson clover or a crimson/grass mix-
ture instead of vetch.

In cooler areas, plant rye as soon as possible
after corn harvest. If you need more time in the
fall, try overseeding in rowed beans at drydown
“yellow leaf” stage in early fall, or in early summer
at the last cultivation of corn. Seeding options
include aerial application where the service is
economical, using a specialty high-body tractor
with narrow tires, or attaching a broadcast seeder,
air seeder or seed boxes to a cultivator.

V¥ Precaution. Broadcast seeding of cover crops
into standing crops is less dependable than other
seeding methods. Success will depend on many
factors, including adequate rainfall amount and
distribution after seeding.

Kill the rye once it is about knee-high, or let it
g0 a bit longer, killing it a couple of weeks before
planting beans. Killing the rye with herbicides
and no-tilling beans in narrow rows allows more
time for cover crop growth, since you don’t have
to work the ground. If soil moisture is low, con-
sider killing the rye earlier. Follow the beans with
hairy vetch or a vetch/small grain mixture.

Legumes must be seeded at least 6 weeks
before hard frost to ensure winter survival. Seed
by drilling after soybean harvest, or by over-
seeding before leaf drop. Allow the vetch (or
mixture) to grow as long as possible in spring for
maximum N fixation.

CROP ROTATION WITH COVER CROPS

Harvesting sweet corn, seed corn or silage corn
opens a window for timely cover crop planting.
Harvest or graze the small grain or legume / small
grain mixture in spring if needed for feed. See indi-
vidual cover crop chapters for management details.

In Pennsylvania, Ed Quigley seeds rye or spring
oats after corn silage harvest. The oats can be cut
for silage in fall if planted by early September. Rye
can be made into rylage or sprayed before no-ill corn
the following spring.

Worried about
planting your corn
a bit late because
youre waiting for
your cover crop to
mature? Research in
Maryland, Illinois and
elsewhere suggests
that no-tilling corn
towards the end of
the usual window when using a legume cover
crop has its rewards. The delay can result in
greater yields than earlier planting, due to greater
moisture conservation and more N produced by
the cover crop, or due to the timing of summer
drought (82, 84, 300). In Pennsylvania, however,
delayed planting sometimes reduced corn yields
following rye (118).

Check your state variety trial data for a shorter
season corn hybrid that yields nearly as well as
slightly longer season corn.The cover crop bene-
fit should overcome many yield differences.

Worried about soil moisture? There’s no
question that growing cover crops may consume
soil moisture needed by the next crop. In humid
regions, this is a problem only in an unusually dry
spring. Time permitting, allow 2 to 3 weeks after
killing the cover crop to alleviate this problem.
While spring rainfall may compensate for the
moisture demand of most cover crops by normal
planting dates, cover crops can quickly dry out a
field. Later in the season, killed cover crop
residues in conservation tillage systems can con-
serve moisture and increase yields.

In dryland areas of the Southern Great Plains,
lack of water limits cover crop use. (See Dryland
Cereal Cropping Systems, p. 42).

Growers are
looking to add

a small grain to
their corn>soybean

rotation.



In any system where you are using accumulat-
ed soil moisture to grow your cash crop,you need
to be extra careful. However, as noted in this sec-
tion and elsewhere in the book, farmers and
researchers are finding that water-thrifty cover
crops may be able to replace even a fallow year
without adversely affecting the cash crop.

Corn>Rye>Soybeans>Small Grain>Hairy Vetch.
This rotation is similar to the corn>rye>soybeans
rotation described above, except you add a year of
small grains following the beans. In crop rotation
research from different areas, many benefits
accrue as the rotation becomes longer. This is
because weed, disease and insect pest problems
generally decrease with an increase in years
between repeat plantings of the same crop.

Residue from small grains provides good organ-
ic matter for soil building, and in the case of win-
ter grains, the plants help to prevent erosion over
winter after soybeans loosen up the soil.

The length of the growing season will deter-
mine how you fit in cover crops after full-season
soybeans in the rotation. Consider using a short-
season bean if needed in order to achieve timely
planting after soybean harvest. Calculate whether
cover crop benefits will compensate for a possi-
ble yield loss on the shorter season beans. If there
is not enough time to seed a legume after harvest,
use a small grain rather than no cover crop at all.

The small grain scavenges leftover N following
beans. Legume cover crops reduce fertilizer N
needed by corn, a heavy N feeder. If you cannot
seed the legume at least six weeks before a hard
frost, consider overseeding before leaf drop or at
last cultivation.

V¥ Precaution. Because hairy vetch is hard seed-
ed, it will volunteer in subsequent small grain
crops.

An alternate rotation for the lower mid-South is
corn>crimson clover (allowed to go to seed) >
soybeans > crimson clover (reseeded) > corn.
Allow the crimson clover to go to seed before
planting beans. The clover germinates in late
summer under the beans. Kill the cover crop
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before corn the next spring. If possible, choose a
different cover crop following the corn this time
to avoid potential pest and disease problems with
the crimson clover.

V¥ Precaution. In selecting a cover crop to inter-
seed, do not jeopardize your cash crop if soil
moisture is usually limiting during the rest of the
corn season! Banding cover crop seed in row
middles by using insecticide boxes or other
devices can reduce cover crop competition with
the cash crop.

3 Year: Corn>Soybean>Wheat/Red Clover.
This well-tested Wisconsin sequence provides N
for corn as well as weed suppression and natural
control of disease and insect pests. It was more
profitable in recent years as the cost of synthetic
N increased. Corn benefits from legume-fixed N,
and from the improved cation exchange capacity
in the soil that comes with increasing organic
matter levels.

Growers in the upper Midwest can add a small
grain to their corn>bean rotation.The small grain,
seeded after soybeans, can be used as a cover
crop, or it can be grown to maturity for grain.
When growing wheat or oats for grain, frost-seed
red clover or sweet-clover in March, harvest the
grain, then let the clover grow until it goes dor-
mant in late fall. Follow with corn the next spring.
Some secondary tillage can be done in the fall, if
conditions allow. One option is to attach sweeps
to your chisel plow and run them about 2 inches
deep, cutting the clover crowns.

Alternatively, grow the small grain to maturity,
harvest, then immediately plant a legume cover
crop such as hairy vetch or berseem clover in July
or August. Soil moisture is critical for quick germi-
nation and good growth before frost. For much of
the northern U.S,, there is not time to plant a
legume after soybean harvest, unless it can be
seeded aerially or at the last cultivation. If growing
spring grains, seed red clover or sweet-clover
directly with the small grain.

An Iowa study compared no-till and conven-
tional tillage corn>soybean>wheat/clover rota-
tion with annual applications of composted
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swine manure. Berseem clover or red clover was
frostseeded into wheat in March. Corn and soy-
bean yields were lower in no-till plots the first
year, while wheat yield was not affected by tillage.
With vyearly application of composted swine
manure, however, yield of both corn and soybean
were the same for both systems beginning in year
two of the 4-year study (385).

Adding a small grain to the corn>soybean rota-
tion helps control white mold on soybeans, since
two years out of beans are needed to reduce
pathogen populations. Using a grain/legume mix
will scavenge available N from the bean crop,
hold soil over winter and begin fixing N for the
corn. Clovers or vetch can be harvested for seed,
and red or yellow clover can be left for the second
year as a green manure Crop.

Using a spring seeding of oats and berseem
clover has proved effective on Iowa farms that
also have livestock. The mix tends to favor oat
grain production in dry years and berseem pro-
duction in wetter years. Either way the mixture
provides biomass to increase organic matter and
build soil. You can clip the berseem several times
before flowering for green manure.

V¥ Precaution. Planting hairy vetch with small
grains may mabke it difficult to harvest a clean grain
crop. Instead, seed vetch after small grain harvest.
Be sure to watch for volunteer vetch in subsequent
small grain crops. It is easily controlled with herbi-
cides but will result in significant penalties if found
in wheat grain at the elevator.

COVER CROPS FOR VEGETABLE
PRODUCTION

Vegetable systems have many windows for cover
crops. Periods of one to two months between har-
vest of early planted spring crops and planting of
fall crops can be filled using fast-growing warm-
season cover crops such as buckwheat, cowpeas,
sorghum-sudangrass hybrid, or another crop
adapted to your conditions. As with other crop-
ping systems, plant a winter annual cover crop on
fields that otherwise would lie fallow.

CROP ROTATION WITH COVER CROPS

‘Where moisture is sufficient, many vegetable
crops can be overseeded with a cover crop,
which will then be established and growing after
vegetable harvest. Select cover crops that tolerate
shade and harvest traffic, especially where there
will be multiple pickings.

Cover crop features: Oats add lots of bio-
mass, are a good nurse crop for spring-seeded
legumes, and winterkill,
doing away with the
need for spring Kkilling
and tilling. Sorghum-
sudangrass  hybrid
produces deep roots and
tall, leafy stalks that die
with the first frost.
Yellow sweetclover is
a deep rooting legume
that provides cuttings of
green manure in its sec-
ond year. White clover
is a persistent perennial
and good N source. Brassicas and mustards
can play a role in pest suppression and nutrient
management. Mixtures of hairy vetch and
cereal rye are increasing used in vegetable
systems to scavenge nutrients and add N to the
system.

In Zone 5 and cooler, plant rye, oats or a sum-
mer annual (in August) after snap bean or sweet
corn harvest for organic matter production and
erosion control, especially on sandy soils. Spray or
incorporate the following spring, or leave unkilled
strips for continued control of wind erosion.

If you have the option of a full year of cover
crops in the East or Midwest, plant hairy vetch in
the spring, allow to grow all year, and it will die
back in the fall. Come back with no-till sweet or
field corn or another N-demanding crop the
following spring. Or, hairy vetch planted after
about August 1 will overwinter in most zones
with adequate snow coverage. Allow it to grow
until early flower the following spring to achieve
full N value. Kill for use as an organic mulch for
no-till transplants or incorporate and plant a sum-
mer crop.

Residue from
small grains
provides organic
matter for soil
building. . . to
prevent erosion

over winter.
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Full-Year Covers Tackle Tough Weeds
TROUT RUN, Pa.—Growing cover crops for a
full year between cash crops, combined with
intensive tillage, helps Eric and Anne Nordell
control virtually every type of weed nature
throws at their vegetable farm—even quack-
grass. They are also manipulating the system to
address insects.

The couple experimented with many different
cover crops on their north-central Pennsylvania
farm while adapting a system to battle quackgrass.
Originally modeled on practices developed on a
commercial herb farm in the Pacific Northwest, the
Nordells continue to make modifications to fit their
ever-changing conditions.

In the fallow year between cash crops, the
Nordells grow winter cover crops to smother
weeds and improve soil. Combined with sum-
mer tillage, the cover crops keep annual weeds
from setting seed. Cognizant of the benefits of
reduced tillage, they continue to modify their
tillage practices—reducing tillage intensity
whenever possible.

Regular use of cover crops in the year before
vegetables also improves soil quality and mois-
ture retention while reducing erosion.“Vegetable
crops return very little to the soil as far as a root
system,” says Eric, a frequent speaker on the con-
ference circuit. “You cut a head of lettuce and
have nothing left behind. Growing vegetables,
we're always trying to rebuild the soil”

Continual modification to their system is the
name of the game.When they set up their orig-
inal 4-year rotation in the early 80’s, tarnished

plant bugs were not an issue on their farm, but
in the 90’s they became a major problem in let-
tuce. The problem—and the solution!—was in
their management of yellow sweetclover.

In their original rotation, sweetclover was
overseeded into early cash crops such as let-
tuce. After overwintering, the sweetclover was
mowed several times the following year before
plowing it under and planting late vegetable
crops. When the tarnished plant bugs began
moving in—possibly attracted by the flowering
sweetclover—the Nordells realized that mow-
ing the sweetclover caused the plant bugs to
move to the adjacent lettuce fields. It was time
to change their system.

Fully committed to the use of cover crops,
they first tried to delay mowing of the sweet-
clover until after lettuce harvest. Eventually,
they decided to revamp their clover manage-
ment completely. They now plant sweetclover
in June of the second or fallow year of the rota-
tion. This still gives the sweetclover plenty of
time to produce a soil-building root system
before late vegetables. It flowers later, so they
are no longer mowing it and forcing tarnished
plant bugs into lettuce fields.

Yellow blossom sweetclover—one of the
best cover crop choices for warm-season nitro-
gen production—puts down a deep taproot
before winter if seeded in June or July, observes
Eric. “That root system loosens the soil, fixes
nitrogen, and may even bring up minerals from
the subsoil with its long tap root.”

You can sow annual ryegrass right after har-
vesting an early-spring vegetable crop, allow it to
grow for a month or two, then kill, incorporate
and plant a fall vegetable.

Some farmers maximize the complementary
weed-suppressing effects of various cover crop
species by orchestrating peak growth periods,
rooting depth and shape, topgrowth differences
and species mixes. See Full-Year Covers Tackle
Tough Weeds (above).
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3 Year: Winter Wheat/Legume Interseed>
Legume>Potatoes. This eastern Idaho rotation
conditions soil, helps fight soil disease and pro-
vides N. Sufficient N for standard potatoes
depends on rainfall being average or lower to pre-
vent leaching that would put the soil N below the
shallow-rooted cash crop.

2 Year Options: For vegetable systems in the
Pacific Northwest and elsewhere, plant a winter
wheat cover crop followed by sweet corn or
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Originally part of their weed management
program, Eric points out that the clover alone
would not suppress weeds. It works on their
farm because of their successful management
efforts over a decade to suppress overall weed
pressure using intensive tillage, crop rotation
and varied cover crops. The same concept
applies to the tarnished plant bug. Never satis-
fied with a single strategy rather than a whole-
system approach, the Nordells also began
interseeding a single row of buckwheat into
successive planting of short term cash crops
like lettuce, spinach and peas.

The idea was to create a full-season insec-
tiary in the market garden, moderating the
boom and bust cycle of good and bad insects.
They also hoped that the buckwheat would
provide an alternate host for the plant bugs.
The strategy seems to be working. Data col-
lected as part of a research project with the
Northeast Organic Network (NEON) found
very few tarnished plant bugs in their lettuce
but lots in the buckwheat insectiary.

The two pronged cover crop approach
using buckwheat and a different management
regime for sweetclover seems to be doing the
trick. The next step, currently being evaluated,
is to mix Italian ryegrass with the sweetclover
to increase root mass and sod development
between June planting and frost.

Rye and vetch are a popular combination to
manage nitrogen. The rye takes up excess N
from the soil, preventing leaching. The vetch
fixes additional nitrogen which it releases after
it’s killed the following spring. With the August

seeding, the Nordells’ rye/vetch mixture pro-
duces “a tremendous root system” and much of
its biomass in fall.

The Nordells plow the rye/vetch mix after it
greens up in late March to early April, working
shallowly so as not to turn up as many weed
seeds. They understand that such early kill sac-
rifices some biomass and N for earlier planting
of their cash crop—tomatoes, peppers, sum-
mer broccoli or leeks—around the end of May.

Thanks to their weed-suppressing cover
crops, the Nordells typically spend less