Summer 2011

Special Supplement on

L egumes as Cover Crops

It's Elemental
How Legumes Bridge the Nitrogen Gap

by Laurie Drinkwater

All life on Earth requires the element nitrogen,
which forms the basis of amino acids, the build-
ing blocks of proteins. Not only are proteins an
important component of cell structure, they also
mediate the myriad metabolic reactions, such as
photosynthesis, that make life possible. Humans
depend on plants and the process of photosyn-
thesis to supply the carbon and energy we need.

While our atmosphere is 78 percent nitrogen
gas—a molecule consisting of two bound nitro-
gen atoms—plants and animals lack the abil-
ity to use nitrogen in this form. It must first be
“fixed” or taken out of the gas molecule and
combined into other compounds before it can
be incorporated into amino acids.

Until the invention of an industrial process

that has enabled us to fix nitrogen using fos-

sil fuels as an energy source, life on Earth was
completely dependent on a biochemical process
carried out by bacteria known as biological ni-
trogen fixation. Bacteria that can convert or fix
nitrogen are referred to as “diazotrophs” and are
found everywhere on earth, including the open
oceans, lakes and ephemeral pools, prairies, for-
ests, wetlands, and agricultural lands.

Scientists believe that such bacteria devel oped
the ability to fix nitrogen as early as three bil-
lion years ago, long before plants colonized

the earth. Three lines of evidence support this
view. That long ago, earth’s atmosphere did not
contain oxygen. Nitrogen fixation occurs only
in anaerobic (oxygen-free) conditions. In fact,
the enzyme that catalyzes the key nitrogen fix-
ing reaction is damaged by oxygen, suggesting
that it developed in an anaerobic environment.
Second, the fact that nitrogen-fixing enzymes
are ubiquitous and are found in distantly related
bacterial groups, combined with the high degree
of variability found in nitrogen-fixing enzymes,
indicates that nitrogen fixation is an ancient
metabolic process. Finally, the fact that nitrogen
issuch amajor constituent of living organisms
suggests that sufficient nitrogen has been avail-
able for billions of years. Without the ability

to fix nitrogen from the atmosphere, bacterial
colonization of earth would have been severely
limited.

Contemporary terrestrial ecosystems are domi-
nated by higher plants. Diazotrophs, usually in
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Andean farmersin the northern Potosi region of Bolivia with Tarwi, an important
nitrogen fixing lupine that is grown as a food source and a green manure.
Tarwi can grow and fix substantial amounts of nitrogen in very poor soils.

symbiotic relationships with certain plants, pro-
vide -- through the process of biological nitro-
gen fixation -- all of the new nitrogen additions
these ecosystems consume. Once fixed from the
atmosphere, this nitrogen circulates from plants
to the soil in the form of dead plant residues and
is then released back to plants viathe activity
of microorganisms that decompose soil organic
matter. Together, biological nitrogen fixation
and decomposition provide al of the nitrogen
required for plant growth in natural ecosystems.

Unlike natural ecosystems, where nutrients
tend to be conserved so that very low levels

of nitrogen fixation are sufficient to maintain
productivity, agricultural systems export large
quantities of the element—in the crops harvest-
ed and sold at market. In conventional agricul-
ture, farmers make up the balance by importing
nitrogen in the form of synthetic fertilizer. In
contrast, organic farming systems depend on
biological nitrogen fixation to replenish soil
nitrogen removed by harvests. Biologically
fixed nitrogen can be supplied directly through
incorporation of leguminous green manures or

manure produced by livestock fed nitrogen-rich
legumes. If not for the large industrial agricul-
tural system that relies on manufactured nitro-
gen fertilizers and other inputs, and transfers
them to organic systems via animal manures
and other waste streams, organic farming sys-
tems would be entirely dependant on biological
nitrogen fixation.

Biological Nitrogen Fixation
Because the molecules of di-nitrogen gas in
the atmosphere are held together with a strong
triple bond, they are extremely stable and, as a
result, biological nitrogen fixation is an energy-
intensive process. Organic substrates (such as
carbohydrates) are the primary energy source
for the diazotrophs that carry out biological
nitrogen fixation. The high energy demand of
the process may explain why significant rates
of nitrogen fixation usually occur only in con-
junction with photosynthesis—either through
bacteria associated with higher plants or in bac-
teriathat are able to carry out photosynthesis
themselves, such as cyanobacteria (blue-green
algae).
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Pea root with fully developed, active nodules. The presence of leghemoglobin
and thus nitrogen fixation is indicated by the pink coloration.

Compared to the high energy cost of the nitrogen
fixation process, nitrogen released from soil or-
ganic matter is much less expensive. Consequently,
nitrogen fixing plants and bacteria will always

use soil-derived nitrogen if it is available before
switching to nitrogen fixation. This difference in
the energy demand of recycled versus newly fixed
nitrogen explains why plants and microorganisms
have co-evolved to efficiently cycle previously fixed
nitrogen through mineralization and assimilation of
nitrogen stored in soil organic matter.

Diazotrophs and plants have evolved varying de-
grees of association that facilitate the transfer of
photosynthetically derived carbon from plants to
bacteriato fuel the biochemical reactions of nitro-
gen fixation. There are two distinct ways that diazo-
trophs can function in terrestrial systems. Asym-
biotic diazotrophs (those that do not form nodules
with legumes) are a diverse group of free-living soil
bacteria that can rely on soil organic matter for their
energy and carbon while also having the ability to
fix nitrogen. Symbiotic diazotrophs must live with
specific plants in order to thrive and complete their
life cycle.

Free Living: Asymbiotic diazotrophs
Diazotrophs that are not obligate symbionts have
avariety of lifestylesranging from diazotrophs
which are entirely free of plant roots and rely on
soil organic matter for their energy to those that are
adapted to live in close association with plants but
do not form nodules. Thereisalot of uncertainty
about how much nitrogen is actually fixed by di-
azotrophsthat live in bulk soil, entirely free of plant
influence because from a microbial perspective,
bulk soil is normally a carbon-limited environment.
In contrast, associative diazotrophs which utilize
carbon released by plant roots, mainly in the form
of carbohydrates as an energy source, can carry out
significant levels of nitrogen fixation. The plant has
less control over the fate of the fixed nitrogen in
this situation, compared to when nitrogen is fixed
within a root nodule. The nitrogen fixed by associa-
tive diazotrophs is incorporated into the bacterial
biomass and becomes available for plant uptake
when microbial grazers feed on these bacteria and
release nitrogen as a byproduct of their metabolism.
Due to the rapid turnover of microbia biomassin
comparison with the much longer life cycle of the
plant, significant quantities of associatively fixed
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Vetch nodule sliced open

nitrogen become available to nearby plants. Some
free-living diazotrophs, such as algae, are capable
of both fixing carbon via photosynthesis and fixing
nitrogen. Many cyanobacteria, in spite of their rela-
tive self-sufficiency, form symbiotic partnerships
with plants, to the eventual benefit of the plants. For
at least 1,000 years, rice farmersin China have used
Azolla, an aguatic fern that forms a symbiatic rela-
tionship with the cyanobacteria Anabaena azollae,
to suppress weeds and fix atmospheric nitrogen to
increase yieldsin their paddies. In this symbiosis the
cyanobacteria live in specially modified hairs on the
fern fronds so they have access to sunlight.

More commonly, free-living diazotrophs that have
been studied are bacteria that tend to thrivein the
rhizosphere—a unigue habitat at the root-soil in-
terface. The rhizosphere environment supports a
teeming community of microorganisms due to the
constant release of energy-rich substrates such as
carbohydrates and amino-sugars. Azotobacter sp.
and Bacillus sp. are examples of diazotrophs com-
monly found living in the rhizosphere of crop plants
such as maize and wheat. We still have alot to

learn about rhizosphere bacteria. Using molecular
methods to study bacteriain the rhizosphere has
revealed that the communities of bacteria that oc-
cupy the rhizosphere are not there solely by chance.
Rhizosphere bacteria, including diazotrophs, are not
obligate symbionts—that is, they do not have to find
a plant rhizosphere to exist and they do not have the
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courtesy of Centre of Excellence for Integrative Legume Research
Nodule formation. Two root hairs
with Rhizobia attaching to their surface.
The rhizobia are shown as tiny, bright green
spines from the root hairs.

highly evolved co-dependence of a symbiotic rela-
tionship. They do communicate with plants through
the exchange of chemical signals, however, and
some species are always found in the rhizosphere of
particular plants.

Wheat offers a particularly interesting example,
since it is one of the oldest agricultural plants and

is currently cultivated across awide variety of cli-
mates and soil types. A number of microorganisms
have consistently been found in rhizospheres of
wheat growing in geographically dispersed soils
from diverse environments. Paenibacillus polymyxa
is a free-living nitrogen fixer that has been found in
the wheat rhizosphere in North America, Europe,
and Africa, and the rhizosphere populations of this
organism appear to be adapted to the wheat. In fields
with along history of wheat production, the popu-
lations of this species co-evolved with the wheat

to become better nitrogen fixers. A great deal of
research is currently focused on understanding the
ecology of beneficial rhizosphere bacteria, including
the nitrogen fixers that commonly live in association
with crop plants.

Better together:
symbiotic diazotrophs and legumes
Once used to describe people living in community,
symbiosisrefers to the relationship among unlike
organisms living in close association to one another,

MAINE:

AUGUSTA

MacKenzie Power Equip.
875 Eastern Ave
207-622-4945

BREWER

Bradstreet Lawn & Garden
30 Industrial Plaza Drive
207-989-8676

BRUNSWICK

Brunswick Home & Garden
26 Stanwood Street
207-729-3001

BUCKSPORT
Bob’s Small Engine
474 River Road
207-469-2042

courtesy of Centre of Excellence for Integrative Legume Research
Nodule in the early stages of forming.

as with the bacteria that popul ate the human gut or
the clownfish, which grazes within the tentacles of
the sea anemone, harvesting small invertebrates that
might otherwise harm its host. Many different spe-
cies of diazotrophs have co-evolved with plants to
form obligate, mutually beneficial symbiotic rela-
tionships where carbon substrates produced by the
plant during photosynthesis are supplied directly to
the diazotroph in exchange for fixed nitrogen.

The bacteria that fix nitrogen within the nodules of
leguminous plants are the most well studied diazo-
trophs and are a so the most important from an ag-
ricultural perspective. These diazotrophs fall within
the Rhizobium and Bradyrhizobium genuses and are
typically referred to collectively asrhizobia. Rhizo-
bia are obligate with plants in the Fabaceae family,
commonly known as legumes. The legume-rhizobia
symbiosis developed 65 million to 2.6 million years
ago. Today they populate every continent, num-
bering more than 12,000 species and 440 genera.
Within that group, more than 100 species are agri-
culturally important plants, from miniature annual
clover crops to perennial black locust, harvested for
fenceposts, lumber, and even livestock forage.

Unlike free-living diazotrophs, symbiotic rhizobia
can fix substantial amounts of nitrogen because they
receive a direct supply of carbon in exchange for
nitrogen fixation. Complex chemical signaling has
evolved between legume species and specific rhizo-
bial strainsto initiate the formation of root nodules,
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Nitrogen-fixing bacteria. Colored scanning
electron micrograph (SEM) of Rhizobium
leguminosarum nitrogen fixing bacteria
(brown) in ruptured root nodule cells of a
plant. These bacteria take nitrogen gas from
the air and bind it up in compounds which
the plant can use for its nutrition. They do
thisusing an iron-containing protein called
leghemoglobin, similar to the hemoglobin
found in red blood cells. The plant benefits
from this symbiosis as it means they can
grow in soilswith alow nitrogen content,
soils which are inaccessible to other plants.
Magnification: x475 at 6x7cm size.
Images and Text Copyright © 2011 Photo Re-
searchers, Inc. All Rights Reserved

symbiotic organs inside the legume’s roots in which
rhizobia reside while fixing nitrogen. The nodule
provides physical protection for the rhizobia while
increasing the capture of the fixed nitrogen by the

plant.

Legumes-Rhizobia and Mycorrhizae:
Three-way symbiosis
In addition to rhizobes, legumes— with few ex-
ceptions—also rely on symbiotic fungi, known
as arbuscular mycorrhizas (AM). This symbiotic
relationship devel oped before the plant-diazotroph
symbioses and both molecular and fossil evidence

NEW YORK:
CANTON
Woodchop Shop
352 Cowan Road
315-386-8120

CLYDE

Martin’s Small Engine
2802 Powers Road
315-945-6610

EAST WILLIAMSON
Paige Equipment

5016 Route 104
315-589-6651

ENDICOTT
Endicott Tractor

120 West Main Street
607-748-0301

GENEVA

Martin’s Sales & Service
1506 Route 5 & 20
315-549-7664

GLEN HEAD

Big Valley Nursery

532 Cedar Swamp Road
516-671-3262

GREENVILLE
Greenville Saw Service
5040 Route 81
518-966-4346

NEW YORK:
HUDSON FALLS

Falls Farm & Garden Shop
1115 Dix Avenue
518-747-5252

MATTITUCK
Northeastern Equipment
640 Love Lane
631-765-3865

NEWBURGH
Sherwood Power

1775 Rt. 300, N. Plank
845-564-0630

NEWFIELD

Little’s Lawn Equipment
1113 Elmira Road
607-272-3492

PENN YAN

Evergreen Small Engine
2849 Swarthout Road
315-536-3192

PORT LEYDEN
Mark’s Small Engine
3307 Douglas Avenue
315-348-6715

RICHMONDVILLE
Team Dixie Chopper
1182 State Route 7
518-294-2081

ROCHESTER
Brodner Equipment
3918 Lyell Road
585-247-5218

SENECA FALLS
Martin’s Sales & Service
4531 Rt. 414
315-549-7664

SPRING VALLEY
Pomona Power Equip.
49 N. Madison Ave.
845-356-3330

STATEN ISLAND
Trim A Lawn Equip.
2081 Victory Blvd.
718-761-5166

VERONA

Don Hull & Son
4996 Rt. 365
315-363-6119




B-4

The Natural Farmer

Summer, 2011

From Raymond J et al. 2004; Mol Biol Evol; 21:541-554. Used with permission.

Phylogenetic tree showing the wide distribution of nitrogen fixing species and phyla.
This phylogenetic tree shows the diversity of microbial phyla relative to the ‘“higher organ-
isms”. The ability to fix nitrogen is widespread and can be found in species from most micro-
bial phyla (indicated by highlighting the group and darker lines to the species). The darker
dashed lines indicate species that have nitrogen fixing genes in their DNA that have not been
confirmed as functional (i.e. they have not fixed nitrogen in the laboratory). The Proteobac-
teria, a phylum with many soil dwelling species, are divided into groups designated by Greek
letters. The agriculturally important Rhizobia which are obligate symbionts with legumes
are within the a-Proteobacteria as indicated by the arrow.

indicate that the earliest land plants were my-
corrhizal. Plant-fungal associations resembling
modern AM-plant symbioses appear in the fossil
record 400 million years ago—even before roots
evolved! Some researchers suggest that plants could
not have colonized land without fungal partnersto
assist with nutrient acquisition from the nutrient-
poor, undevel oped soils that were prevalent when
plants first colonized the land. Once terrestrial plants
became established, soil organic matter accumulated
and mycorrhizal partnerships evolved in conjunction
with the expansion of plant life on Earth. AM asso-
ciations are particularly important in environments

where phosphorusis limiting or is still mainly pres-
ent in soil mineral pools, rather than in soil organic
matter.

A recent survey of terrestrial plants found that my-
corrhizal associations are the norm, rather than the
exception. Eighty percent of surveyed land plant
species are mycorrhizal; arbuscular mycorrhizal
(AM) associations are the most widespread. This
symbiosis with AM fungi has much in common
with the legume-rhizobia symbiosis and is thought
to have served as a means for the development of
legume-rhizobia partnerships. Plants had already

evolved the ability to exchange chemical sig-
nals—in order to recognize AM fungi—and were
well-positioned to expand communication to include
other soil microorganisms. Like rhizobia, AM fungi
are obligate mutualists and the plant-fungal partner-
ship is mutually beneficial through the exchange of
energy and nutrient resources whose scarcity would
otherwise limit growth of the symbionts. Plants
supply carbon substrates to the fungi and AM fungi
assist with phosphorus uptake. The carbon cost of
mycorrhizas is difficult to measure, but researchers
estimate that plants allocate 1020 percent of net
primary production to AM fungi. The enhanced abil-
ity to access soil phosphorusin poor soils that AM
fungi afford ensures that legumes will have the extra
phosphorus needed to carry out biological nitrogen
fixation.

A New Organ: Nodule formation
To form the nodules in which nitrogen fixation takes
place, legumes and rhizobia have developed special-
ized structures and a complex array of biochemical
signals. The root hairs of legumes exude chemical
signals that attract compatible rhizobiain the area.
The rhizobia send out their own signals, called “Nod
factors,” to alert the plant to their presence and
availability to livein nodules. As aresult, atunnel
formsin the legume root and a new organ known as
anodule begins to form. The rhizobia move into the
nodule, a stage known as infection, and begin un-
dergoing rapid cell division. Most of the bacteria are
transformed into special cells called “bacteroids,”
which have a completely different anatomy from the
normal rhizobia and can be branched, club-shaped,
or spheroid. The bacteroids are larger than the free-
living rhizobia and cannot undergo cell division.
They begin consuming carbon supplied by the plant
and convert nitrogen gas into ammoniathat can be
incorporated into amino acids.

During the legume growth phase, the rhizobia con-
sume as much as 30 percent of the carbohydrates
produced by the plant through photosynthesis. The
cycle ends when the plant flowers and redirects its
energy from providing the rhizobia with carbohy-
drates to creating flowers and seeds for its own re-
productive process. This is why flowering is a useful
agronomic cue indicating that nitrogen fixation has
reached its peak. At that point, the nodules slough
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off from the plant’s roots, releasing a pulse of nitro-
gen into the surrounding soil. The bacteroids cannot
livein the soil and die. The few normal, rod shaped
rhizobiathat were living in the nodules survive and
reproduce in the soil. If a compatible legume germi-
nates in their vicinity, they infect the roots and begin
the process over again. Depending on conditions,
the rhizobia will persist in the soil for three to five
years in the absence of compatible legumes.

Amazing proteins:
nitrogenase and leghemoglobin
Two proteins play key roles in the biochemical pro-
cesses that convert N, (di-nitrogen gas) into NH,
(ammonia), the form that can be used by plants.

The enzyme that catalyzes the reaction, “nitroge-
nase,” is a large, complex molecule consisting of
protein units with distinct functions. The proteins
contain various co-factors with sulfur, iron, and mo-
lybdenum. The enzyme is sensitive to oxygen and in
the presence of free oxygen, becomes deactivated.
Asaresult, al diazotrophic bacteria have a mecha
nism for keeping oxygen away from nitrogenase.
For example, in cyanobacteria (blue-green algae),
nitrogenase—and hence nitrogen fixation—is locat-
ed in specialized anaerobic (oxygen-free) cells.

The biochemical reaction of nitrogen fixation is
shown below:

N, + 16 ATP + 8e— + 10H+H2NH3++H2+16
ADP+ 16 Pi

The MoFe protein contains the apparatus that carries
out the reaction that splits nitrogen gas and bonds
hydrogen atoms to each nitrogen atom to get am-
monia. To carry out this reaction, the MoFe protein
requires a steady source of energy, in the form of
electrons (-e). These are supplied by the Fe protein,
which is bound to each end of the MoFe protein.
The Fe protein splitsATP in order to supply elec-
tronsinto the MoFe protein. In the typical reaction,
two molecules of ATP are consumed for each elec-
tron transferred, releasing ADP and inorganic phos-
phorus (Pi) in the process.

Maintaining a nodule environment that is conducive
to high rates of biological nitrogen fixation presents
a considerable challenge. The bacteroids must carry
out high levels of respiration in order to produce
the ATP necessary for nitrogenase to function. On
the other hand, nitrogenase is inactivated by contact
with oxygen. A second essential protein known as
leghemoglobin resolves this problem. Leghemo-
globin regulates oxygen levels in the root nodule

for optimal bacterial function. Similar to the way
hemoglobin functions in our bodies to move oxygen
from the lungs to cells that require it for cellular res-
piration, leghemoglobin supplies oxygen to support
respiration in the nodul es while keeping the concen-
tration of free oxygen low enough that nitrogenase
can do itsjob. Leghemoglobin is co-synthesized by
the legume plant and its rhizobia. The plant provides
the globin portion of the protein, while the heme
section—which containsiron and is the site where
oxygen is actually held during transport—is synthe-
sized by the rhizobia.

L eghemoglobin has another characteristic in com-
mon with our own hemoglobin: It displays a distinct
pink color and provides avisual cue indicating

that nitrogen fixation is most likely being carried
out inside the nodule. To assess whether nodules

are actively fixing nitrogen, slice them with a very
sharp knife to visually inspect the interior, which is
packed with bacteroids. If the bacteroids have the
capacity to fix nitrogen, the interior will be pink due
to the presence of the protein leghemoglobin.

All systems go: the ecological niche of legumes
Because legumes thrive in nutrient-poor settings,
they are the first plants to arrive on the scene when
depleted soil beginsto recover. In partnership with
rhizobia, they slowly enhance soil quality by boost-
ing levels of available nitrogen and, asthey die and
decompose, building soil organic matter. Over time,
that success leads to their own demise—eventually,
seed from faster-growing, later succession plants
establishes, thrives, and then displaces the legumes,
crowding out and shading them. Old-time farmers
without access to modern-day soil analyses knew
to look for certain plants as indicators of soil condi-
tions. Perennial, medium-red clover, for example,

thrivesin nitrogen-poor soil where cash crops would
fail, sending its roots deep into the ground in search
of micronutrients and minerals not available on

the surface and fixing nitrogen until it flowers. As

it boosts nitrogen levels, improves drainage, and
ultimately deposits those hard-won nutrientsin the
topsoil, however, it creates a hospitable environment
for fast-growing, shallow-rooted, heavy-feeding
grasses that ultimately outcompete the clover.

Nitrogen fixation is a two-way street. Even as le-
gumes influence soil quality through their collabora-
tion with rhizobia, the soil environment affects the
amount and rate of nitrogen fixed through direct and
indirect effects on the plants and microorganismsin-
volved. High soil temperatures (>27-40° C), water
stress, soil acidity (pH < 5), low soil phosphorous
availability, and aluminum toxicity —conditions
common in certain tropical systems with highly
weathered soils—can limit rhizobial growth and the
reactions that fix nitrogen. The availability of the
element molybdenum, a key component of the en-
zyme nitrogenase, which catalyzes the reaction that
breaks the triple bond in di-nitrogen gas, can also
be an important limiting factor in some soils. Be-
cause biological nitrogen fixation only supplies new
nitrogen to agroecosystems while recycling other
nutrients, integration with other soil amendmentsis
critical to both the ability of the system to support
the nutritional demands of biological nitrogen fixa-
tion and to maintain longer-term nutrient balances.

Because of their nitrogen-fixing capacity and the
resultant high levels of amino acidsin their tissues,
legumes tend to be protein-rich food sources for hu-
mans and animals. Given the high rate of export of
nitrogen off the farm in the form of cash crops sold
at market, legumes serve as a vital counterbalance,
especialy for organic farmers who eschew synthetic
fertilizers. Without their contribution of biologically
fixed nitrogen, organically managed agricultural
land would soon come to resemble the depleted soils
in which legumes often serve as pioneer species

in early succession. By incorporating legumes in a
crop rotation, farmers can replenish fertility with
limited off-farm inputs.
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Reprinted by permission from MacMillan Publishers Ltd.: Nature Reviews Microbiology “Genetic Regulation of Nitrogen Fixation” by Ray Dixon and Daniel Kahn, copyright 2004
Schematic of the nitrogenase enzyme complex. The MoFe protein is the center of the complex
with the Fe protein units located on either side.
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mail. Laurie Drinkwater (led24@cornell.edu).
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In the Mix

Effective inoculation pairs active rhizobia with symbiotic legumes

by Sharon Tregaskis

To fix nitrogen, legumes rely on symbiotic bacteria known as rhizobia. Each spe-
cies of legume fixes nitrogen only in concert with a particular rhizobial species, so
farmers seeking to promote nitrogen fixation generally inoculate their legume seeds
with commercially prepared inoculants tailored to each cover crop in their rotation.
There are many distinct strains of each rhizobial species and these vary in terms of
their “effectiveness” —that is, their ability to collaborate with the plant to fix nitro-
gen in exchange for carbohydrates varies.

Rhizobia also occur naturally in the soil, where they may persist for aslong as
three to five years, depending on soil conditions—low pH significantly reduces rhi-
zobial longevity. Legumes native to a particular region—such as lupines, as well as
certain species of clover and trefoilsin the Northeast—typically require less inocu-
lation than introduced species, such as soybeans, because their symbiotic rhizobia
are often already present in the soil. Further, many farmers opt not to re-inocul ate
before each legume seeding if their rotation cycles the same species back through a
previously inoculated field within three years. However, inoculant is relatively in-
expensive and there’s no easy way to know whether the strains native to a particu-
lar parcel are robust and complementary to the legume slated for planting.

Only living rhizobia can partner with legumes to fix nitrogen, so effective storage
and application by the farmer are vital to the effort. Never purchase inoculant that
has passed its expiration date, and make sure what you buy has been stored in a
cool, dark space until it is applied. Ultraviolet rays (direct sunlight) and tempera-
tures above 60°F kill rhizobia; consequently, inoculant should be kept in the refrig-
erator and used promptly. Pre-inoculated seed from a distributor must be kept cool
and dry along the entire supply chain, until planting. If more than one year passes
before planting, re-inoculate the seed. Many fungicides and other seed treatments
can be toxic to rhizobia, though some strains are resistant. Check with your inocu-
lum producer and beware inoculum products pre-mixed with pesticides or other
toxic chemicals, since these are not allowed under organic certification rules and
can compromise inoculum viability.

There are four types of commercially available inocula: powder, granular, liquid,
and frozen. Because they must be maintained at the appropriate temperature dur-
ing shipping and until application, liquid inoculum broth and frozen concentrate
tend to be less available forms, compared with dry powder and granular inoculum.
Powdered treatments typically costs about $2/acre; a single gram contains approxi-
mately one billion rhizobium. Granular inoculum works best with seed that should
be handled sparingly, such as peanuts, as well as large seeds like soybeans. It a'so
works better than powdered inoculum when being distributed using equipment de-
signed for larger particle sizes, such as a planter or fertilizer spreader.

Dry inoculum must be protected from excess moisture until it is applied to seed.
Once inoculated, seed must be planted promptly—never treat more than you can
plant in a single day. Simply mixing dry inoculum and dry seed leads to poor re-
sults due to waste and uneven results. Instead, use either aslurry or adhesive solu-
tion approach. Nutrient-rich, commercial adhesives are available—check with your
distributor to learn about OMRI-approved options; it’s aso possible to make your
own using dilute sugar syrup (one cup of sugar dissolved in one quart of water) or
milk (one quart mixed with two tablespoons of molasses). Simply stir into the seed,
then mix in the dry inoculum, which will adhere more evenly to damp seed. To
inocul ate seeds that have been treated with lime, use one ounce of vegetable oil for
each pound of seed. Inoculum may also be stirred into water to form a slurry and

then mixed with seed in the planting box. Some farmers deposit the inoculum
directly into the seed furrow when planting.

Some farmers choose commercially coated seed. Note that this seed must be
stored at conditions appropriate for rhizobial survival, is heavier and bulkier
than uncoated seed, and often flows faster than uncoated seed. Consequently,
recalibration of seeders may be necessary.

Even after seed has been inoculated, nitrogen fixation may not occur if the
soil lacks vital micronutrients such as molybdenum—whose availability is
reduced in acidic soils—as well asiron, and cobalt. Some commercial inocu-
lants actually contain molybdenum, so read the ingredients before purchasing
additives.

Because of the narrow environmental conditions in which rhizobia thrive, it
isideal to plant inoculated legumes in conditions that bolster their survival—
in amoist seedbed, just before rain, or followed by irrigation. Using a drill
seeder or following broadcast seeding with a cultipacker to put the rhizobia
in firm contact with soil also helps, as rhizobia exposed to the sun will die
before initiating nitrogen fixation. Never sow inoculated seed with fertilizer,
which can kill the rhizobia

The Word

Key terms for understanding the science of cover cropping to boost nitrogen

by Laurie Drinkwater

* amino acid: the building block of proteins, amino
acids comprise a nitrogen-based molecule, a car-
bon-based molecule, and an organic side chain
that varies among amino acids

* biological nitrogen fixation: the process by which
gaseous nitrogen in the atmosphere is converted
to amino acids that can be metabolized by plants

« diazotroph: bacteria that possess the capacity to
fix nitrogen through the use of the enzyme nitro-
genase

* enzyme: proteins, like nitrogenase, that catalyze,
or increase the rates of, chemical reactions, con-
verting substrates into new products

 humification: the process of plant decomposition
that yields humus, the organic component of soil

* inoculation: introduction of species-specific bac-
teria to allow symbiotic nitrogen fixation; soy-
beans, for example, are inoculated with Bradyrhi-
Zobia japonicum.

« Labile: unstable, likely to undergo chemical,
physical, or biological breakdown

» Leghemoglobin: a protein that reversibly binds
oxygen so that oxygen levels in the nodule do not
inhibit the process of nitrogen fixation.

» Legume: plants in the family Fabaceae or Legu-
minosae, which fix atmospheric nitrogen

nitrogen into ammonia

e nitrogenase: an enzyme comprised of a molyb-
denum-iron molecule that catalyzes atmospheric

« nodule: the organ formed in the root of a legume
that houses symbiotic bacteria and in which the
chemical reactions of nitrogen fixation take place

* prokaryote: A microscopic, single-celled organ-
ism that lacks a nucleus and membrane-encased
organelles

* rhizobia: A common genus of nitrogen-fixing soil
bacteria

* symbiosis: a mutually beneficial interaction be-
tween two organisms in close physical proximity
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Perennial Favorite

Legumes boost fertility and smother weeds in asparagus

by Sharon Tregaskis

Robin Ostfeld and Lou johns met in 1978 as em-
ployees on a blueberry farm in Washington State.
They established Blue Heron Farm three years
later, in Washington; since 1986, they’ve farmed 18
acresin Lodi, NY. In addition to restaurant, whole-
sale, and retail sales—at the Ithaca Farmer’s Mar-
ket—Blue Heron offers a winter CSA and supplies
both the Greenstar Food Coop in Ithaca and the
Park Slope Food Coop in Brooklyn. In addition to a
heavy emphasis on root and storage crops—includ-
ing three colors of beets, six varieties of garlic, and
a dozen winter squashes—Ostfeld and Johns grow
sixteen varieties of lettuce and twenty-five tomato
varieties, aswell as an array of robust seedlings for
home gardeners.

Deeply concerned about soil compaction and with
agrowing interest in low-till management of their
land, Ostfeld and Johns moved to a system of six-
foot-wide, permanent raised beds in 1991. Three- to
four-foot grass alleys among the rows have elimi-
nated erosion on their sloping terrain and provide
habitat for spiders and beneficial insects, reducing
the farm’s reliance on sprays (what they do useisall
OMRI approved, since the farm has been certified
organic since 1987). In addition to cover crops of
small grains and legume mixes, Ostfeld and Johns
incorporate composted chicken manure to boost fer-
tility and improve the microbia health of the soil.

Blue Heron keeps two-thirds of an acre planted to
asparagus, which has become one of the farm’s cor-
nerstone spring crops. From the beginning, Lou has
incorporated legumes to smother weeds and boost
fertility. Inter-seeding an annual cover crop among
perennials planted in a permanent raised bed system
demands a holistic approach to insure compatibility
between plants and equipment, among plant spe-

photo by Sharon Tregaskis
In 1991, Lou Johns and Robin Ostfeld moved to a permanent
raised bed system —offset by grass alleys—in which they grow an array of crops,
including perennial asparagus and garlic.

cies, and with afarmer’s overall management style.  asparagus? Conventional production relies heavily

| asked Lou to describe the entire process — from on cultivating and herbicide applications to maintain
initial bed preparation for the asparagus, through its  clean fields—not an option for an organic grower.
lifespan, and how legumes fit into the system. Second, we were interested in maintaining adequate

fertility and organic matter without having to import
* What considerations prompted you to intercrop and apply compost amendments annually.
legumes in your asparagus?
One was an issue of cultivation/weed control: Could e+ What parameters did you set?
agrower reduce or possibly eliminate cultivationin ~ We strive to minimize tillage and off-farm inputs

Offering Natwral IFeriilizers, Soil Antendutends,
aitd Envirommeendally Comgpaitble Pest Condrols

*Most NCO products that are not OMRI listed are allowed for use on a certified
organic farm. Check with your certification representative to be sure.

Many NCO products are:
Visit us on the Web: www.norganics.com or call for OM R lTM *
the location of your nearest wholesale distributor
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photo by Sharon Tregaskis

A wet spring this year prevented early cultivation and increased weed pressure
at Blue Heron, yet the Purple Passion asparagus stands tall.

and maintain adequate fertility and soil organic mat-
ter for agiven crop. Asisthe casein most decisions
made in organic vegetable production, the param-
eters of the cultural practices are defined by the
problem and the goal, while the solutions/practices
are defined by a grower’s equipment and other infra-
structure. At Blue Heron, all of our planting is done
on permanent beds and row spacing is kept to two
schemes: four rows on sixteen-inch centers, and two
rows on thirty-six-inch centers, so that our tillage,
planting, and cultivating equipment is compatible
with many different crops.

* How do you prepare the permanent raised beds
for asparagus so you are ready to incorporate le-
gumes later on?

Asparagus planting starts the year before with as
much bed tillage as is necessary to suppress annual
and perennia weeds and possibly arotation of buck-
wheat. We make an early fall application of compost
(on the heavy side is good, but not required) and

either leave the beds open after incorporating the
compost or plant them to oats as awinter-killed
cover crop. The oat seeding is weather and timing
dependent.

* And what about planting the asparagus, itself?

In the spring, the beds are tilled as soon as the
weather permits: Not too soon, as you want the soil
to be dry enough to work well. You need to be able
to furrow the ground to a depth of at least eight
inches, ten if you can do it (twelve inches or more
is unnecessary). We use our potato hilling equip-
ment—much like a middle-buster with wings on
either side—to open two rows at thirty-six-inch
centers on the bed. | generally make two passes over
the bed to open as deep atrench as | can, roughly
eight to nine inches. We use two-year-old crowns—
our preferred variety is Purple Passion—and lay and
set them by hand at eighteen inch spacing, covered
with two to three inches of soil aswe go.

We allow the plants to grow out and send up spears
to a healthy height of twelve inches or so, then use
atwo-row Lilliston rolling cultivator to stir the top
two to three inches of soil for weed control. This
also spills soil into the still-open furrow that the
plants were set into. This cultivation pass might fill
the furrow to three-quarters of its depth, and leaves
some of the new spears sticking out. After the as-
paragus sends up additional spears and the first ones
have grown to twelve to eighteen inches tall—usu-
ally in mid-July or the first few days of August—we
make another pass with the Lilliston. At this point,
you are hoping that you have fairly good weed con-
trol, because quite soon the asparagus will be tall
enough to keep most cultivating equipment out of
the planting.

* When do you introduce the legumes?

I’m pretty emphatic that you don’t plant a cover
crop in the establishment year. In the first year, the
asparagus struggles to get established so thereis no
cover crop/understory planted. | have killed entire
new asparagus plantings attempting it; | think it was
likely a combination of too much competition for
sunlight and nutrients that led to its demise. Crowns
go through a pretty harsh ordeal being planted as
seed and grown up two years, then dug up and
shipped around in boxes with no dirt on them.

If for some reason there is a concern about a heavy
weed population (things happen), a front or rear-
tined rototiller allows you to walk through the stand
rather than driving over the top of the rapidly grow-
ing plantsto clean up a planting; hoeing between
plants is fine also.

* How do you manage the first-year asparagus in
anticipation of the legumes you’ll plant in year 2?
You sit back and do all the other stuff that you have
to do at your farm for most of the growing season.
You should be set up to irrigate this new planting

if the season brings dry wesather; we use overhead
sprinklers. Asparagus is somewhat tolerant of
droughty conditions, but in the establishment year
you are better off keeping it in a vigorous growth
mode, if possible.

First-year asparagus should put up six to eight
spears that grow out (and up) to lovely, four to five-
foot-tall, feathery, tree-like plants. Asfall approach-
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es and temperatures start to drop, the asparagus will
stop growing and begin to yellow.

Thisisagood time to mow down the stand and do
ashallow tillage to incorporate the residue before
winter and wet weather setsin. We use a seven-foot
flail mower and till with the rotovator set to work at
adepth of three to four inches, using gauge wheels
that run in the alleyways. We put off this final opera-
tion until latein the fall season to allow the aspara-
gus to grow as long as possible—the more growth
this year, the more spears to pick the next. There is
no time for planting and establishing a cover crop:
We |eave the beds open for the winter.

* What about subsequent years?

Year two and beyond starts with the hope of an early
and dry spring. After several walks through your
new planting—well before the daffodils have buds
out—use a hand hoe or butter knife to probe beneath
the drying ground for the white tips of the new
spears. All plans change at the moment you find
them—do a quick, shallow tillage pass over the top
of the beds or rows. Don’'t wait, because once as-
paragus starts growing, it’s gang busters for the next
month or so; you don’'t want to miss this opportunity
for controlling weeds.

In year two, if your asparagus had a vigorous estab-
lishment year, you can do some early, light picking
without hurting future yields. We pick tops for one
to two weeks and stop when the new spears that
emerge are not as robust and vigorous as the earlier
ones.

* When do you interseed the leguminous cover
crop?

In the second season, the day you decide to stop
picking (you might aswell pick every thing you
want to sell or eat), till over the planting and pre-
pare to plant the cover crop/understory of soybeans,
hairy vetch, and Canadian field peas. We generally
use 75—100 pounds per acre, for the three-seed mix.
With the soybeans, | buy the longest-season vari-
ety | can get. I’'m not looking for seed; in fact, I'm
trying to avoid it, but | think any kind of soybean
would work.

photo by Sharon Tregaskis

To reduce soil compaction, Blue Heron Farm’s Lou Johns and Robin Ostfeld
set the tire width of all of their equipment to travel on the grass alleys
among their permanent raised beds.

* How do you seed the legumes?

We mix the seeds in five-gallon buckets: half soy,
one quarter vetch, and one quarter field pea, along
with inoculants and some dry compost (as an ad-
ditional soil inoculant and a flowing agent to aid in
tossing the seed) and then toss handfuls evenly over
the beds. A coverage of a seed every inch or two

is fine. I’'m going to experiment by seeding with
our newly purchased grain drill this year—wish me
luck.

After the seed is sown, we run over the bed one
more time with the rotovator set to run with avery
slow rotor speed and quite shallow—;just enough to
stir the seed into the soil. If needed, watering in the
seed isagood idea, but | usually wait a day or two

with the hope of allowing the dry soil conditionsto
kill any weeds that may have emerged during the
harvest period.

* What else do you do, once the seed is sown?
Sit back and console yourself for the fact that you
won’t be eating asparagus until next spring. Soon
after the cover crop has been tilled in, new aspara-
gus spears begin to emerge. If all goes according
to my plans, the cover crops begin to germinate
and cover the floor of the soon-to-be asparagus
forest. Healthy asparagus plantings can reach
heights of six feet or more—ours become fully en-
twined with vetch and peas by fall; the soybeans are
shorter in stature and stay down under the canopy.
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Again asfall approaches, the cold slows the aspara-
gus growth and causes the plants to yellow. Get out
your mower and take it down; if soil moisture con-
ditions are cooperative, till in the residues sooner
than later.

* Any further tips, for the remainder of the as-
paragus lifecycle?

In subsequent seasons, the harvest period lengthens
until you are picking for four to six weeks and pos-
sibly one more, depending on the weather and the
stand’s vigor.

There is one insect pest you will contend with: the
asparagus beetle. You will have them, trust me—but
don’t let them scare you. They generally are not
that bad under this management scheme. If they
show up in the establishment year, be prepared

to spray the stand after the majority of the larvae
hatch (the adult beetle, red with black stripes, lays
little black eggs on the young spears). The larvae,
gross little gray grubs, are quite susceptible to py-
rethrum and rotenone products. During later years,

the adults generally emerge late in the harvest pe-
riod and do minor damage by chewing on the spears
and laying eggs. We do not spray during harvest and
ask our loyal customersto tolerate the slight cosmet-
ic damage to the otherwise perfect asparagus. Once
the harvest is over, tillage breaks the feeding and
egg-laying cycle of the beetle and we see very little
damage in the new growth that emerges.

* How do you harvest?

We are snap harvesters, meaning we break the spear
two to three inches above the soil line, when the
spears are eight to ten inchestall (ideally; some-
times they get taller). In good weather, harvest hap-
pens every day and all spearsthat are of the desired
height are picked into empty, two-and-a-half gallon
buckets. In our washing area we fill the buckets
halfway with clean, cold water and then place them
in a walk-in cooler set at thirty-five degrees. Aspara-
gus handled this way can keep perfectly for five to
six days.

* How did you think about winterkill when
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choosing your cover crop?

In this scheme, winterkill is not an issue for the ac-
tual cover crop itself because the bed gets mowed
and tilled in thefall. Originaly , we selected soy-
beans because they don’t produce viable seed that
carries over into the following season, partly be-
cause they are planted late. The benefit is that you
don’'t have soybeans coming up as aweed in the
spring harvest period.

* How is it working out?

After many years of working with this cover-crop-
ping scenario, | am now realizing that though soy-
beans work well, the issue of having cover crop/un-
derstory plants that have winter viable seed would
(and actually does) work well in this routine. I
came to this notion when | found our soybean crop
routinely getting eaten down by woodchucks—rath-
er extensively, in some plantings—so I started incor-
porating other familiar cover crop speciesinto my
understory seeding. So far | have added hairy vetch
and Canadian field peas with excellent results.

The issue of seeds carrying over to the next season
has been surprisingly slight. When planted as a sum-
mer-sown cover crop, hairy vetch rarely produces
seed by fall. The field pea, though it can and will
produce viable seed for the next season, has low
germination due to the poor conditions it finds itself
in for the winter (cold, wet, clammy soil, rather

than a nice, dry warehouse), so the resulting spring
seedling production is low and inconsequential as an
early “weed” in the asparagus. I’'m fine with having
peas as weeds, they’re easy to control and there's
enough opportunity in this system to slow them
down before and after the harvest period. Even if
they grew through that second tilling, it doesn’t mat-
ter.

* Do you plan further tweaks to the system?

I may experiment more with using more Canadian
field peas in the mix because of their self-seeding/
characteristic—the more competition for annual and
perennia weeds, the better. Thisyear, | plan to use
our newly acquired grain drill to plant and incorpo-
rate the seed. In the past, we' ve seeded by hand and
then used the rotovator to stir the seed into the soil.
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* How does your intercropping system mesh with
existing soil organic matter and nutrient levels?
WEe've never tested to actually know the numbers—
we have only evaluated the system by its results,
which are consistently good yields with minimal
weed pressure. We apply manure during pre-plant-
ing bed preparations, none after that, and routinely
inoculate the cover crop seed using inoculants that
are species specific. I do it routinely because it’s
cheap and easy and | don’t have to worry about
whether the rhizobia are there or not.

Though | can't say I’ ve looked at soybean rootsin
our asparagus, | have in many cases checked other
leguminous crops on the farm and found active nod-
ulation. | am aware of the issue of reduced nitrogen
fixation in legumes due to high available nitrogen

in the soil from fertilizer (composted manure, in our
case), but that possibility wasn’t the only driver for
eliminating regular additions of compost. One of
the goals here is to reduce imported amendments

as much as possible and take advantage of on-farm
cover crops that produce nitrogen and also enhance
soil organic matter and microorganism populations
in the soil.
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* Are you satisfied with this approach?

Our system continues to be workable and productive
over the twenty years we' ve been using it. The ad-
ditions of hairy vetch and field peas have been our
only changes to the basic scheme. Seasonal weather
changes can make this system troublesome, howev-
er. Wet, cool, long springs that force a grower to for-
go the early/pre-emergence tillage (like this year),
leads to aweedy harvest period (mostly towards the
end), but generally by then the soil is dry and can be
worked adequately to get good weed-kill and strong
cover crop seed germination.

» How doesthe cost of intercropping legumes
compare with other fertility and weed manage-
ment options?

In general, | don’t see legume cover crop seed as
expensive, because I know how much I'm paying
for imported, composted manures. We don't pro-
duce any manure or compost at the farm, so that
kind of input is a cost and it’s expensive. If I wanted
to compare the cost of seed to its influence on my
soil fertility, it's a pittance—it doesn’t even come
close to the cost that | incur buying in fertility. Even
though legume seeds seem expensive when com-
pared to small grains, the cost is nominal and we
don’t use that much of them.

Asto weed control, asparagus is such a vigorous
grower that once it’s established, and the windows
for cultivation are very short. At a certain point, we
are completely shut out of the field with the trac-
tor-mounted cultivation equipment because it gets
too tall. If we miss the opportunity to till the beds
or plant the cover crop, we use asmall front-tined
rototiller to accomplish the task. The ability to have

aweed-suppressing understory growing in the crop
is a very desirable alternative to me. For the expense
of a little bit of seed, the benefit is not just fertility,
it's also weed suppression and organic matter build-
up and moisture control.

www.commongoodmarket.com

Quality Products Made by
New England Artisans and Craftspeople

Furniture, Pottery, Textiles, Kitchenware, Glass

Everything for the Home

Our mission is to reconnect New England residents with people who
make beautiful, useful, and durable products for the home. Buying
locally made products helps build more resilient local economies,
improved environmental outcomes for New England, and a better
future for our children. Visit our on-line store at

WWW.

Buy Local, Buy New England
Common Good Market

.commongoodmarket.com
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Don't take 1t so hard !

SoPhTec Water Conditioning Systems
_solve your hard water problems
without salt, electricity or chemicals.

* Controls hardness, calcium scale and corrosion.
< Removes existing scale. * Helps control sulfur odor.
» Saves energy costs. « No maintenance or service.
* Use less soaps & detergents.
« Extends equipment life (such as water heater).
* Prevents scale buildup, clogging of pipes & equipment.
« Safe for soil, plant life & animals.

The SoPhTec water conditioning system makes
hard water act like soft water.

Other applications: Farms, Greenhouses,
Dairies & Irrigation Systems.

Works with city or well water.

SoPhTec is a cost effective, environmentally friendly
alternative to a salt based softener.

Total system cost for the home is only $409
- shipping & handling included (continental US).

Conditioned water used for irrigation penetrates the soil and
the plant cells better than unconditioned water. It significantly
reduces water spotting on leaves and fruit. In greenhouse tests
cuttings rooted more quickly and produced healthier plants.
Crops such as cantaloupes and tomatoes have been shown to
produce more and larger fruit.

To place your order or receive additional information call or write:

Magne Tec - 9195457639 - Toll Free 1-877-854-SOFT (7638)

711 W 17th St., Bldg. F-3, Costa Mesa, CA 92627
e-mail « magnetec@sbcglobal.net

90 day money back guarantee & ten year warranty (residential system).
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Integrative Family Practice Medicij
Functional & Preventive Medicine

Complementary Medicine

Acupuncture
Chiropractic

Massage

Cranio Sacral Therapy
Polarity

Wellness, Stress Reduction
and Nutrition

IV Therapies

Detoxification

Non-Toxic Skincare & Facials
Bio-Identical Hormones
Allergy Testing & Prevention
Colon Hydrotherapy
Nutrition Coaching

Organic food

is the best
medicine

We counsel and teach cooking
classes to help our patients
reconnect to whole organic foods.

Psychological Services
Psychotherapy

Hypnosis

Stress Management

Education and Classes

Yoga — Nia — Tai Chi - Pilates
Holistic Dentistry Education
Cooking with Organic Ingredients
Community Supported Agriculture
Support Groups

It’s about all of you.

Health Focused Dentistry

All General Dentistry
Regular Checkups

Teeth Cleanings

Safe Mercury Filling Removal
Cosmetic Dentistry
Integrative Orthodontics
TMJ disorders

Non-Surgical Periodontics
Children’s Dentistry

Groton Wellness

Dental Spa - Medical Center
www.grotonwellness.com

493-495 Main Street ~ Groton, MA 01450 ~ 978-449-9919
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Permanent and

Portable Fencing
for all
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Hi-Tensile Woven Wire with a fixed PowerLock Knot
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Including Free Freight
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Building Soil with Cover Crops
at the Poughkeepsie Farm Project

by Jack Kittredge

Poughkeepsie, on the Hudson River halfway be-
tween New York City and Albany, has a notable his-
tory. It was there, in 1788, that New York convened
its constitutional ratification convention, attended
by such illustrious figures as Alexander Hamilton,
John Jay and George Clinton, and became the 11"
state to join the union. Early amajor center for the
rendering of whales, during the 19" century the city
became important in shipping and making hats and
paper. Matthew Vassar, founder of the college that
now dominates the center of the city, owned severa
local breweries.

Theregion's natural beauty attracted wealthy
families such as the Astors and Vanderbilts to build
sumptuous weekend homes there and support cultur-
al activities such as the state's oldest continuously
operating opera house, established in 1869. The city
sits on a bluff above the Hudson and enjoys plenti-
ful rainfall and moderate temperatures.

Besides gracing a somewhat depressed community
with alarge campus and lovely buildings, Vassar
College aso owns a nearby 500-acre ecological pre-
serve. While most of it is managed by the school’s
biology department and includes trails and wetlands,
aportion has been leased for over a decade to the
Poughkeepsie Farm Project (PFP).

The PFP is a non-profit educational organization
focusing on agricultural programs. It works with at
risk youth in local schools, sponsors the city’s farm-
ers market, runs a farm apprentice program, and op-
erates a 400 family CSA producing some 60 tons of
food for local consumption. The farm managers are
Asher and Wendy Burkhart-Spiegel.

photo by Jack Kittredge

Wendy & Asher Burkhart-Spiegel are the farm managers of the Poughkeepsie Farm Project

“Our whole footprint is probably 15 acres,” says
Asher, referring to the land the PFP manages. “The
growing areais about 12 acres, and the rest we have
structures on or use to make compost. Originally
we paid $1 ayear to the school for our lease. Now
we'rein the middle of arenegotiation and it looks
like it might go up to a thousand dollars.”

“The PFPis supported by farm earnings and dona-
tions and grants,” says Wendy. “When we first came
here the CSA was around 250 shares. We added on
about three acres just by expanding the area in beds
and going closer to the fences. The CSA takes about
75% of our crops, the farmers market about 10%
and the sponsored part (donations to food banks and
subsidized shares) about 15%.”

| just wanted to say thanks for a great product
that made my life easier, and to tell you some
success stories that |, and others, have
experienced using the new Plantskydd
Granular Repellent.

A couple of years ago | had a herd of

30 whitetail deer crossing my land. Their game
trail went right through a field where | was
planning to plant corn. Rather than put up

a fence, | decided to use your new granular
Plantskydd product. | dumped 40 Ibs in

a drop spreader to pull behind my garden
tractor, and put down a 3-foot border around
my field. Next, | rubbed out the tracks on

the game trail so | could see how effective
Plantskydd was. The deer always crossed
during the night. Well, the next morning there
was not a track to be found. And none for the
rest of my growing season!

| have a small truck farm where | grow
vegetables to sell at Farmer's Markets as well
as to supermarkets. Deer just love beet tops—
| have had them eat a 100 foot row in one
night! Last year, when my beets came up, | put
some granular Plantskydd in a spreader and
applied it around the outside row of the beets.
The deer didn't eat a bite. The key is to get the
product down before the deer start nibbling.
Later in the spring, my pickers came and told
me the deer had been eating the zucchini.

| took out the spreader and made one trip

“30 whitetail deer crossing my vegetable farm...”

around the patch applying Plantskydd, and
the deer stayed out until after harvest.

We have such a deer problem in the valley
that, when | tell folks in my garden seminars
about your product, they jump right on it.
Hooper's Garden Center, in Kalispell, Mon-
tana, sent one of their customers to me,
desperate to see if | could help them save a
$30,000 investment in flowers that were to be
planted for a special event on a large estate.
| sent them to the CHS Country Store (also in
Kalispell), where they proceeded to clean all
the Plantskydd Granular off the shelf. The
estate putin an order for 50 more 20 Ibs bags
this year.

The Plantskydd Granular is my favorite re-
pellent because: 1) it works; and 2) it is quick
and easy to use—no mess, no fuss.

Sincerely,
Bill Clanton. Kalispell, Montana, April 7, 2010

REPELLENT

DEER ¢ RABBITS ¢ VOLES

OMRI
Listed for

ORGANIC

BULK SIZES AVAILABLE IN:
Granular, Pre-mixed RTU Liquid, and
Soluble Powder Concentrate

For more testimonials or to order online, visit:

www.plantskydd.com

TO ORDER DIRECT, CALL TOLL FREE

1-800-252-6051

#1 Choice of Professional Growers, Foresters, and Landscapers
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The farm was originally set up in 1999 by Dan Gun-
ther, previously the grower at the Phillies Bridge
Farm Project. A number of Poughkeepsie people
and Vassar professors were members of the CSA
there, and were interested in joining one closer to
home. Conscious of the wildlife issues presented for
farming by their 500 acres of wilderness, the school
eventually erected an 8-foot tall welded wire fence
around the 12 acres of farm fields. Asher says it

has been pretty effective against the many deer and
other wild creatures that would otherwise decimate
the crops.

The couple has been managing the farm since 2003.
Asher grew up in suburban Philadel phia, and Wendy
in New Hampshire. They met farming in Georgia
when both were taking time off from college. They
worked on farms for a couple of years and decided
they were serious enough about farming that they
should finish their degrees before getting more in-
volved init. So they got bachelors at the University
of New Hampshire, continuing to work on farmsin
the summers. Towards the end of school they took
over a small CSA in the town next door, juggling
that for two years. But it was too small to support
them both and they went looking around, ending up
in Poughkeepsie.

The CSA starts the last week of May and runs into
the first or second week of November. The farm pro-
duction budget is $150,000. Asher isthe only full-
time year-round staff person. Wendy is year-round
but her timeislimited by the need to care for their
two children, 4 and 1 years old. They also employ
three apprentices, plus Vassar students who get cred-
it but are unpaid, and various people who are with
them 8 to 10 weeks during the summertime.

“Because of the work requirement for sharehold-
ers,” says Wendy, “we also have 30 or more people
coming out here each week for 3 hour work blocks.
It'sabig help when it comes to harvesting. If we
were out here alone we would spend all day at it. It
may not be the most efficient use of their time, but
itisvery socia and people appreciate the vegetables
more. That’s also how I get to know the members.”

photo by Jack Kittredge

Asher stands in front of one of the fields he cover cropped in rye and vetch.

PFP is not certified organic, but is Certified Natural-
ly Grown. Asher thinks they are probably not track-
ing their compost well enough in terms of tempera-
ture and regular turning to meet organic standards.
But he doesn’t think they have any other practices
that would keep them from being certified.

| ask about whether they do any spring production.

“We’re at capacity,” Asher replies. “We are land
limited and to extend the season we would need to
shrink something else. Also, we need to shut down
our water system in the winter for frost reasons, and
we’re dicey turning it on in early March.”

ALBERT LEA
SEED

Contact us for a free catalog!
800-352-5247 or www.alseed.com

CONVENTIONAL and ORGANIC

Viking Corn & Soybeans
Small Grains & Alfalfa
Red & White Clovers
Hay & Pasture Grasses
Cover Crops & Annual Forages
Garden Seed & Sweet Corn

Regional Dealer:
Lakeview Organic Grain
Penn Yan, NY ¢ 315-531-1038

¢ Albert Lea Seed is a MCIA certified organic processor ¢

The farm is pretty mechanized. They run a 6-foot
rototiller behind their Kubota, and have a 5-tine
chisel plow and mulch layer. Transplanting is still
by hand, although a transplanter is on the wish list.
A walk-in cooler next to the parking area keeps the
CSA sharesfresh.

One major problem, however, is the underlying soil.

“Our soil is very well drained,” says Asher, “so we
have fertility issues. We make compost from leaves
we get from the college and the town. We figure that
isnot avery big nutrient source, but it provides alot
of organic matter. We get a custom blend of fertiliz-
er from Fertrell, and use soybean meal for nitrogen.
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“The custom blend doesn’t have any nitrogen in

it,” he continues. “We keep them totally separate
because sometimes we plant crops where there were
no cover crop at all and it was cropped the whole
season before, so we figure there is not much nitro-
gen there. In other cases the cover crops will reach
maturity and there will be alot of nitrogen from
them there. So we separate out the nitrogen compo-
nent of our fertility from the mineral component.”

Asher isinterested in building his crop health
through better nutrition, but would like to see some
farm-scale trials of the ideas behind nutrient density.

“Many of its claims are almost mainstream,” he
says. “It makes sense that if you grow plantsin a
healthier soil their immune systems will be stron-
ger. But I'd like to see it tried on a large scale. In a
modest way we have taken parts of that approach
with the custom blend we have done. We do soil
sampling every year and get micronutrient analysis
done. If it callsfor it we put alittle zinc or boronin
the mix. Mostly what comes back is that we need a
lot of potassium and a good bit of sulfur, though.

“Potassium is highly leachable,” he continues. “It
has just one cation to hold onto soil particles, as
opposed to calcium and magnesium with their two
charges. We have been using greensand and sul phate
of potash, which is 15% available potassium. But
we have noticed that our iron levels are going up.
Greensand has ot of iron so we think that iswhere

it is coming from. We cut back on the greensand this  “If you can achieve something as basic as increased

seem so far fetched to me that you can improve the

year.” frost hardiness with fertility,” he says, “it doesn’t
When they first got there, the couple relates, their health of the plant that way.”

kale and chard were pretty hardy — they would take

a couple of frosts. But they noticed they would go Because of the sandy nature of their soil, the farm
down sooner that the pair thought they should. Then  paysalot of attention to irrigation. They use drip for
they got more intentional about their fertility and crops on plastic or single row crops. But they find

started adding potassium. After awhile they noticed  their soil is so sandy that often drip goes straight

the kale would stand frosts better. It wasn't until a down and doesn’t wet a big enough soil volume.

couple of years later, Asher says, that he was read- So most everything else they tend to put on an

ing an old extension publication that mentioned add- overhead system. They have enough thin walled

ing potassium to improve frost capability. aluminum pipes to cover 6 of their 200-foot beds.
They use town water and have buried supply lines
throughout the growing area.

Real Food, Real People, Real Investment

We are a cooperative owned by over 2,000
member households.

Local, Organic Produce

Natural Groceries
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Supplements & Body Care
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economy,and food system.
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welcome, every day.

Green Fields Market McCusker’s Market

144 Main Street, Greenfield 3 State Street, Shelburne Falls
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Two blocks from the Energy Park Across from the Bridge of Flowers
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Most of the farm’s fields are covered by lush cover crops in April.

Asher and Wendy use alot of plastic mulch both be-
cause of weed pressure and to retain moisture. They
prefer the Biotello bio-degradable mulch, which
doesn’t need to be picked up in the fall. But they
have started playing around with using landscape
fabric.

“Last year we put the peppers and eggplants on it,”
he says. “ That worked out really well for us. It isre-
usable. The beds are 6 feet wide and the rolls we get
are 12 and a half feet wide. So it covers 2 beds with
alittle overlap where 2 sheets meet. You cut holesin
it to plant through. We roll it up in the fall and will
be able to reuse it several years, I think.”

Where the Community has come together for Over 30 Years!
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The couple mulched their garlic with straw for
years. But they found that if you put it down heavy
enough that it suppresses weeds then you have to
help every single clove up through the mulch. If you
put the mulch down light enough that the plants can
come up through it, then you don’t get good weed
control.

“Half the time it seemed like we were losing unac-
ceptable percentages to rotting under the mulch,”
Asher recalls. “We knew other people weren’t
mulching so we finally decided to go without mulch
and cultivate. We did it with our tractor cultivator
and it looks beautiful.”

One of the main strategies Asher and Wendy have
developed to deal with their sandy soil is extensive
cover cropping. They look to them for reasonably
priced sources of biomass and nitrogen, in that or-
der.

“1"ve been listening to Laurie Drinkwater out at
Cornell,” says Asher. “She is finding that legumes
will shut off nitrogen fixation if there is plentiful
nitrogen in the sail. It saves them metabolic energy
if the nitrogen is not needed. So we have been pair-
ing legumes and grasses together, on the theory that
grasses get going faster and suck up some of that
available nitrogen, stimulating the legumeto do its
thing when it might not otherwise. Laurie is finding
that you have to be careful to balance the ratio be-
tween the grass and the legume. The grass may well
out compete the legume to the point where you are
not fixing that much nitrogen. I’'m sure it depends on
awhole lot of factors — soils, temperature, moisture,
who knows what?”

At PFP they commonly use a mix of rye and the le-
gume hairy vetch for seeding cover cropsin the fall.
They put on many more pounds of rye than vetch,
usually on the order of a hundred or more pounds of
rye per acre and about forty of vetch.

“l can’t claim that thisis the optimum ratio to get
nitrogen fixation,” cautions Asher. “We get fixation
— there are nodules on the roots. But we haven’t
done any analysis of it. Laurie can figure out what

Coastal Star Jettuce Yaya F1 carrots
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independently-owned, farm-based
seed company.
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organic dairy farm.
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well on all Livestock. Proven for treating
infections such as:
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Joe and Kathleen Hescock, Elysian Field
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802-897-2024
JoAnn Madison | 2806 Smith St. | Shoreham, VT 05770
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percent of nitrogen in the standing biomass was
from the soil and what was fixed from the atmo-
sphere. That nitrogen has a slightly different signa-
ture. But we’re not doing anything like that on the
farm! We're just eyeballing it. The cover crops end
up being an indicator of fertility for us.

“As vegetable growers,” he continues, “we are prob-
ably trying to manage our nutrient levelsto the high
side. We're growing high value crops. So we want
to err on the high side and we use more nutrients
than we need. But I kind of think of the cover crops
as being a nice self-regulating function. If thereis
aready alot of nitrogen in the soil, the grassis go-
ing to easily out-compete the legume. So you had a
lot of nitrogen, it is still there in the grass because
you grew the cover crop before it leached, and you
are now turning it in. If your fertility was lower then
presumably the legume is going to have aleg up and
you’ll get better fixation. Which will hopefully bring
you up to somewhere in the same neighborhood.”

Looking at the farm’s various stands of grass and
legumes one can see that some areas are greener
and fuller. Some sections just have higher or lower
fertility. But over the years Wendy and Asher have
gotten the farm’s overall soil organic matter into the
high 3% or low 4% range — quite afeat for a sandy
soil.

Part of the trick for building the farm’s productivity
isAsher’s rigorous adherence to a schedule of rota-
tions. He figures the farm has 10 bed acres of grow-
ing space, if you cut out al driveways and head-
lands. They grow crops on about 8 bed acres a year
with two acres fallow and in cover crops. Those

8 acres of crops are divided into four groups and
moved around each year, so each bed on the farm
ends up going through a five year crop rotation.
Cover crops and fallow is year one, nightshades and
alliums is year two, brassicas is third, the fifth year
is cucurbits, and the fourth year is everything else
— lettuce, carrots, beets, chard, chickories, spinach.
They have been following this set rotation for nine
years.

“It helps us plan the cover cropping as well,” says
Asher. “Cucurbits are followed by afallow year, so
the earlier cucurbits that come out give us a chance
to plant oats with sweet clover as a cover. Typically
the oats die and the sweet clover over-winters. Then
we can let it go to flowering and it will be a good
five feet tall. We will mow it off, plow it in and then
reseed it in late July or August to something that
will again go over winter.

“Beds that don’t get cover cropped,” he continues
“but aren’t going to be planted soon we'll put on
oats and peas, or oats and crimson clover. Because
some of the cucurbits come out early enough, and
we know they are going to be in cover crops the
whole year, we can put in sweet clover for weed is-
sues and bare fallow it once the clover is done.”

They have been experimenting with various summer
cover crop trials, using hot weather grasses and le-
gumes to take advantage of that warm time of year.
In fields that are open in July they wait until the
whole section is done, then drill in a cover crop, cul-
tivate it, and then overseed it with rye and vetch.

“We have tried sorghum/Sudan grass, Japanese
millet, soybeans, and cowpeas,” says Asher. “The
latter two are legumes and the first two are hot
weather grasses. The soybeans we get are Boyd,
from Lakeview Organic Grain out in Penn Yan, NY.
We drilled the cowpea seeds with Planet Juniors,

3 rows to the 6-foot bed, 18 inches between rows.
We cultivated the cow peas a couple of times, then
over-seeded with rye and vetch. In August we might
use wheat and vetch or even oats and vetch -- it is so
much easier to manage the results the next spring.
Rye can be so hard to kill. Of course the oats winter
kill.”

The couple have to put ryein the ground in late Sep-
tember if they want any kind of ground cover before
the winter. If they put it in later they won't get real
growth until the spring.

On one bed they weren't worried about getting a
bare fallow in so they seeded it with winter wheat
and a perennial ryegrass in late September, then
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frost seeded it with red clover. The wheat germi-
nated and started growing in the fall, over wintering
asagreen plant. When it had heads on it, but hasn’t
set seed, in late June or early July, they’ll mow it off
and kill it. Then the red clover will come up.

“Rye doesn’t send up a seed head unlessit vernaliz-
es,” Asher explains, “or goes through a cold temper-
ature stage. Winter wheat needs to be seeded in the
fall and needs vernalization, too, to produce a seed.
But spring wheat isn’t hardy enough to go through
the winter, although it can produce a seed head
without vernalization. So you seed winter wheat in
the fall, spring wheat in the spring.”

In April what you will see on the farm is mostly
rye and vetch that went in last fall, much of it after
acover of peas or beans earlier in the year. Asher
estimates that they probably get over 50% of their
acreage into rye each year.

“The strategy that we ended up using,” he says, “is
that we get more overall biomass growth if we put
the early crops where the late crops came out. So the
early cropsthisyear went in where the latest crops
were last year. Rye and vetch become the crops we
use for the vast majority of our cover crops.”

The hoop house, where they grow tomatoes, is an
exception. There they over winter crimson clover,
which doesn’t over winter reliably in Poughkeep-
sie outside, but will in the hoop house. They put it
down in October but it doesn’'t get much growth on
until the days get longer in February.

Although Wendy and Asher enjoy their jobs at PFP
very much, they still would like to be farming their
own place and have been looking at land. In that
part of New York, of course, land is expensive.

“The market is estate driven,” sighs Asher, “with a
lot of equestrian properties. But we don’t have any
long term security here, and the scale of the opera-
tionisalittle small to support us both full time for-
ever. We have two kids now, and those expenses are
just going to increase.”
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A Holistic View

L eguminous cover crop management
in organic farming systems

by Laurie Drinkwater

Soil management is the foundation of organic
farming, and nitrogen-fixing cover crops are a key
component of any organic soil fertility management
regimen. Organic soil fertility management draws
heavily from an ecological framework and seeks to
manage plants, soil organic matter, and soil organ-
ismsto maintain internal cycling capacity with the
intention of managing the full range of soil organic
matter pools, ranging from “active” organic matter
to very stable, humified organic matter. Intentional
management of soil organic matter to maintain a
robust community of soil microorganisms enhances
the capacity of the soil to deliver nutrientsto plants.
This holistic view isthe basis for the soil fertility
management practices used in organic agriculture.

Biological nitrogen fixation—in which legumes in
symbiotic relationship with bacteria known as rhizo-
bia capture atmospheric nitrogen and convert it into
aform available to plants—is the major source of
new nitrogen in organic agriculture. Organic farm-
erstypically combine the use of leguminous cover
crops with additions of composts or animal manures
to provide the remaining complement of major and
minor nutrients. A major challenge faced by farmers
who rely on biological nitrogen fixation as the chief
source of nitrogen additions is determining how to
optimize the process to meet cash crop nutrient re-
guirements.

In addition to fixing nitrogen, leguminous cover
crops serve multiple functionsin organic farming
systems. The functions we hear mentioned most
often by organic growers are: 1) build soil organic
matter 2) suppress weeds, 3) provide habitat for
beneficials, 4) suppress disease, 5) improve soil
tilth, 6) reduce nitrate leaching, and 7) reduce soil
erosion. To increase the probability that a cover
crop can achieve these multiple functions, organic
farmers often plant mixtures that combine legumes
with non-nitrogen-fixing plant species. Grasses, for
example, are usually more effective for weed sup-
pression and reducing soil erosion, while brassicas
excel at capturing nitrate to reduce leaching losses,
particularly in sandier sails.

Legumes can provide as much as 300 pounds/acre
of nitrogen, although 80-150 pounds/acre is more
common. Even in the case of harvested legumes,
such as food-grade soybeans, 10 percent of the
nitrogen fixed by the plant remains in the root at
the time of harvest and becomes available to subse-
guent crops. In a study of inputs on twelve organic
grain and vegetable farmsin the Northeast, organic
grain farms relied on legumes for an average of 80

figure courtesy Laurie E. Drinkwater

The relationship between soil fertility and nitrogen fixation across a wide range of soil
fertility. Black indicates nitrogen from soil, gray indicates nitrogen from the atmosphere
(fixed nitrogen). 1) In very poor soils, legume growth and nitrogen fixation are limited by
low nutrient availability. Plants will be small and will fix little nitrogen. These conditions

rarely occur in organic farms of the northeast. 2) In soils that are more fertile, and meet the
minimum requirements for P and micronutrients that support nitrogen fixation, legumes can
grow and fix large amounts of N. Under these conditions, nitrogen fixation rates are highest.

3) In some agricultural soils, soil fertility can be very high, and in particular, nitrogen

availability may be high enough to suppress nitrogen fixation.

percent of all nitrogen inputs. In contrast, organic
vegetable farms relied on legumes for an average of
only 18 percent of nitrogen inputs; the majority of
their nitrogen inputs were from compost additions.

The soil environmental conditions resulting from a
farmer’s management practices—such as the use of
compost additions, tillage regimen, and rotational
sequence—interact with the biological processes
governing nitrogen fixation and influence how much
nitrogen legumes will fix. In addition to practices
that directly affect the soil environment, other deci-
sions such as choice of legume species and plant-
ing methods—including seeding rates, timing, and
whether or not the legume is planted with non-nitro-

gen fixing plants—will determine how much nitro-
gen is fixed.

Growth Factors
Factors affecting the growth of nitrogen-fixing le-
gumes can be divided into two main categories: 1)
the environmental, management and biological con-
ditions that affect plant growth in general and which
also apply to legumes and 2) a more limited set of
factors that specifically affect the nitrogen fixation
processes that determine how much of the element
legumes will “fix” from the atmosphere.

All plants, including legumes, need fertile soil, suf-
ficient light and water, appropriate temperatures,

and day length suitable for their particular eco-
logical niche. Biological conditions that influence
growth include competition from weeds and damage
from pests such as insects and pathogens. As with
non-fixing plants, the specific requirements for op-
timal growth vary with legume species, ecological
adaptations, and life history. Some legumes are bet-
ter adapted to withstand very cold temperatures (i.e.
hairy vetch), whereas others are well adapted to hot,
dry conditions (i.e. cowpea). The excellent SARE
cover-cropping manual (see recommended resources
sidebar) covers basic information on species traits
and requirements for optimal growth.

Parameters of nitrogen fixation

Factors that specifically affect nitrogen fixation rates
reflect the unique requirements associated with the
process of biological nitrogen fixation. Legumes
tend to have greater requirements for phosphorous,
which isimportant for nodule formation and for

the process of nitrogen fixation. Phosphorus is a
constituent of the molecules that transfer energy
from photosynthesis and catalyze the reactions that
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figure courtesy Laurie E. Drinkwater

Legumes can be planted in mixtures with non-legumes such as grasses to enhance weed
suppression and increase nitrogen fixation. Black indicates nitrogen from soil, gray indicates
nitrogen from fixation. 1) In lower fertility soils where P and micronutrients are adequate,
legumes fix more nitrogen. 2) As soil organic matter increases (i.e. through long-term
organic management or compost additions), nitrogen availability also increases and legumes
are able to capture more soil N. 3) If a grass is planted with the legume, it will draw down
soil nitrogen forcing the legume to increase nitrogen fixation.

actually break the dinitrogen bond, acrucial step in
nitrogen fixation.

Nitrogenase—the enzyme that mediates the ni-
trogen fixing reaction—and leghemoglobin—the
protein necessary for maintaining favorable oxygen
level s—incorporate particular micronutrientsin
their structures. Micronutrients such as iron (Fe),
molybdenum (Mo), and cobalt (Co), are particu-
larly important for legumes. Soils with deficiencies
in these micronutrients will not support high rates
of nitrogen fixation. Soil pH and tilth also have a
significant influence on nitrogen fixation. Most ag-
ricultural legume species prefer soil pH in the range
of 5.5-7.0. In soils with lower pH, nitrogen fixation
is suppressed. Because nitrogen fixation is an energy
intensive process, root respiration rates can be very
high in legumes; soil conditions that limit the avail-
ability of oxygen are not conducive to high nitrogen
fixation rates. Maintaining good soil tilth to opti-
mize soil drainage and aeration is very important for
promoting nitrogen fixation in legumes.

Background soil nitrogen levels also influence
fixation rates. Nitrogen fixation is energy inten-
sive, compared to uptake of nitrogen from the soil.
Soils with high nitrogen fertility suppress fixation,
because most legumes preferentially take up soil
nitrogen rather than carrying out biological nitro-
gen fixation. In our measurements on organic farms
we’ve found that nitrogen fixation rates are reduced
in fields with higher levels of available soil nitrogen.
While the legumes showed good growth, when we
analyzed what sources had supplied nitrogen in the
system we found more had been pulled from the soil
and less had been acquired through fixation.

As soil nitrogen fertility increases, the impact on
legumes and nitrogen fixation is generally more pro-
nounced when legumes are grown in mixtures with
non-legumes. In monocultures, legumes respond to
greater soil nitrogen fertility by reducing nitrogen
fixation in favor of soil nitrogen uptake. In mixtures
with non-legumes, the other plants can draw down
soil nitrogen and encourage the legume to fix more
nitrogen than if it were alone, an ideal outcome.
However, in situations where soil nitrogen fertil-

ity is high enough to allow the non-legume to grow
very rapidly it can end up reducing nitrogen fixation
by suppressing legume growth. While this outcome
is not ideal in terms of nitrogen fixation, the sensi-
tivity of mixtures to soil fertility provides an internal
mechanism for balancing nutrients. Soilswith high
nitrogen fertility do not need as much new nitrogen

and the rapid growth of the non-legumeis crucial

for weed suppression in highly fertile soils. Also,
the greater capacity of the non-legume to efficiently
scavenge and recycle soil nitrogen ensures that ni-
trogen losses to the environment are minimized asis
the case in most natural ecosystems.

Top Rate: Differences among legume species
The amount of nitrogen fixed by different legume
species varies with total plant biomass, life history,
and each species’ rate of nitrogen fixation and soil
nitrogen assimilation. As a starting point, it is help-

ful to recognize that since the concentration of nitro-
gen in legume shoot tissuesisfairly similar across
species, usualy ranging from 3 to 4 percent, the
amount of total nitrogen is directly related to size:
Greater biomass corresponds with more nitrogen.

In general, perennial legumes such asred clover ac-
cumulate more aboveground biomass and fix more
nitrogen than annuals, but there are annual legumes
such as hairy vetch that can produce a very large
biomass and fix substantial amounts of nitrogen. An-
other aspect that will determine how much nitrogen
a legume fixes is the length of time it has to grow.
Because it takes about six weeks for the process of
nodule formation and nitrogen fixation to fully ramp
up, short-lived annuals that grow quickly and have
shorter life cycles generally fix less nitrogen than
longer-lived annuals or biennials that overwinter or
are alowed to grow for the entire growing season.

Even after accounting for life cycle and plant bio-
mass, different legumes and their associated rhizo-
bia fix nitrogen at different rates. Hairy vetch and
alfalfa, for example, fix more nitrogen than clover
or field peas. In some cases, including that of grain
soybean, breeding has altered a variety’sreliance
on fixed nitrogen. Even within a particular variety
of legume, nitrogen fixation rates will vary field-by-
field and season-by-season due to the soil environ-
ment, which has both direct and indirect effects on
the plants and bacteriainvolved. If plants can absorb
enough nitrogen directly through the soil—from
compost, for example—they will reduce their in-
vestment in the nodules that support nitrogen-fixing
bacteria

Legume species also vary in terms of their ability to
access soil nitrogen and compete with non-legumes
for soil nitrogen. Those that are able to take up more
soil nitrogen generally fix less nitrogen. The basis
for these differencesis not fully understood; how-
ever, they are most likely due to species adaptations
to their habitat of origin. We find that most legumes
used as cover crops are pretty efficient nitrogen fix-
ers and fix at least 60 percent of their nitrogen or
more; rates as high as 80 percent are not uncommon.
Cowpea is an example of a legume that stands out
as a “lazy” nitrogen fixer, hovering at rates closer

to 30 percent. On the other hand, cowpeais more
competitive in mixtures, compared to many legume
species, and can fix greater amounts of nitrogen in a
mixture than when grown as a monoculture.

figure courtesy Laurie E. Drinkwater

Under conditions of higher soil nitrogen availability, grasses (or other non-legumes) may
dominate the cover crop stand. Black indicates nitrogen from soil, gray indicates nitrogen
from fixation. In 1-2, we again see that as soil nitrogen increases, the legumes planted in
monocultures capture more soil nitrogen and the proportion of fixed nitrogen declines. 3)
If soil nitrogen availability is very high, the grass will grow very quickly and legume growth
will be suppressed. The proportion of nitrogen fixed will be greater than in the monoculture,
but overall amount of nitrogen fixed will be reduced because the legume biomass is much
smaller.
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figure courtesy Laurie E. Drinkwater
As shoot biomass increases the amount of fixed nitrogen also increases in a linear manner for
all legume species we have studied. In this example for two species growing under the same
conditions, crimson clover fixes nitrogen at a higher rate than cowpea so the fixed nitrogen
content of a biomass of 2000 Ibs/acre is about 35 lbs nitrogen compared to the same biomass
of cowpea which contains 11 Ibs fixed nitrogen/acre. Other legumes such as field pea and red
clover show increases in nitrogen fixed/biomass which are similar to the crimson clover.

There are many benefits to pairing legumes with
non-legumes. Two among them are vital: First,
many legumes are small seeded, so they germinate
as tiny plants and grow slowly at first. Planting these
legumes with a grass that can act as a nurse crop

and help with weed suppression while the legumes
are becoming established usually resultsin a cover
crop stand with fewer weeds. Second, grasses also
provide a structure that can support viney legumes
like vetch, allowing them to grow taller and gain ac-
cess to more light. Getting the seeding rates right for
each species in the mix —so that neither plant spe-
cies dominates the mixture—is tricky. The goal is

to have plants seeded with sufficient density so that
there is enough competition to help suppress weeds
and stimulate nitrogen fixation by the legumes,
without having so much competition that the faster
growing species completely out-competes the slow-
er growing species (which is usually the legume).

Using species that differ in the timing of their
growth can help. For example, in buckwheat/clover
combinations, the buckwheat grows very quickly
and shades out the weeds. It also inhibits the clover
growth; however, since it flowers after six to eight
weeks, it is mowed and competition is removed,
which alows the clover to take off at just the right
time —at six weeks, when its nitrogen fixing sys-
tem isfully functional. Likewise, when red clover
isfrost-seeded into winter grains, it grows slowly
while the grains are in the field, due to shading and
competition for other resources. Oncethe grainis
harvested, however, the clover takes off and produc-
es lots of growth and fixed nitrogen. Seeding grasses
such as rye and wheat with vetch can be more

Mixing it Up: Legumes and grasses
Farmers managing organic agricultural systems of-
ten employ mixed plantings of two or more species
in their cover crop rotation. Since each plant species
has unique characteristics, increasing species diver-
sSity in cover crop plantings increases the chances of
successful germination and growth and also allows
growers to choose species with ecological traits
that meet their objectives. For this reason farmers
frequently plant legumes with non-legumes such
as grasses—oats, wheat, and rye—or buckwheat.

In some cases, people plant mixtures incorporating
multiple legume species.

In thinking about how soil conditions affect bio-
logical nitrogen fixation, remember that legumes
are uniquely adapted “pioneer species.” Their sym-
biotic relationships with mycorrhizal fungi—for
phosphorous uptake—and rhizobial bacteria—to
facilitate nitrogen fixation—allow them to grow

in very young soil with low nutrient contents. As
aresult, legumes grow in low fertility soils where
other plants cannot. The downside of this ability is
that since supporting these symbionts—with carbon
substrates from photosynthesis—is energetically
expensive, legumes are less competitive in fertile
environments where their symbionts are not needed.
Thus, in the more fertile soils commonly found on
organic farmsin our region, legumes can be smoth-
ered by non-legume species, particularly those such
as grasses and weedy species that take up soil nitro-
gen very quickly. These differencesin the ability to
take up soil nitrogen, however, can be harnessed to
inspire legumes to fix more nitrogen by using crop
mixtures that provide some competition for soil ni-
trogen without overwhelming the legumes. The trick
is to combine plants with complementary attributes.

High fertility field

figure courtesy Laurie E. Drinkwater
Nitrogen fixation in organic grain systems comparing monocultures and mixes. In a study
conducted in farmer’s fields by Meagan Schipanski, a graduate student in the Drinkwater
lab, nitrogen fixation rates increased in red clover and pea planted in mixtures compared
to monocultures, however the total amount of N fixed was reduced in peas and clover
seeded with orchard grass and oats, respectively. Clover frost-seeded with winter wheat
fixed the most nitrogen while nitrogen fixed by clover seeded into spelt was comparable
to clover with orchard grass (31 lbs N fixed/acre ). In cases where the rate of nitrogen
fixation increased in mixtures while total nitrogen fixed showed a decrease, the reduction
in the amount of nitrogen fixed was due to reduced growth of the legume. Growing clover
with wheat increased the rate of nitrogen fixation, probably because the wheat removed
significant soil nitrogen, and also allowed clover to grow rapidly after the wheat was
harvested resulting in greater amounts of fixed nitrogen than the clover monoculture.
*Typical farmer practice— Frost-seeded clover into winter grain. This is compared with
red clover planted at the sametime either asa monoculture or mixed with orchard grass
and field pea seeded later in the summer after small grain harvest as either a monoculture
or in a mixture with oats in the same fields.

Med ferti]ity field challenging; if the ratio of grassto legume istoo

Red clover 65

high, the grass will dominate and instead of provid-
80

severely reduced.

Clover/grass 38

ing structure to support the vetch, it will suppress
70

Because many mixtures consist of species that are
growing simultaneously, it is difficult to predict how

the vetch. In some cases, nitrogen fixation can be
figure courtesy Laurie E. Drinkwater

much nitrogen they will fix. We have found that the
growth of legumes in mixtures is highly variable

Legumes growing in mixtures show a greater reduction in the amount of nitrogen fixed in
fields with higher nitrogen fertility. Data show total nitrogen fixed for one year of red clover
growth including estimates of root biomass in Ibs nitrogen/acre from two organic grain fields.
Red clover growing alone in monoculture fixes 20 % less nitrogen in the field with higher soil

fertility. However, when grown in a mixture with orchard grass, the red clover in the high

fertility field has dramatically reduced nitrogen fixation compared to the medium fertility
field. As the grass takes up soil nitrogen clover growth is suppressed due to competition and
shading by the grass.

across farms. Legumes in mixtures interact with
the other species growing in the mixtures; the soil
environment, especially the level of soil fertility,
influences these interactions. As a result, there are
trade-offs in the functions that mixtures perform
well. Since non-legumes scavenge more effectively
for soil nitrogen than legumes, the competition for
soil nitrogen in mixtures is expected to increase the
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legumes’ reliance on nitrogen fixation. The absolute
amount of nitrogen fixed, however, depends on the
nitrogen fixation rates and biomass production of
the legume in the mixture. In mixtures where le-
gume biomass is suppressed due to severe competi-
tion, nitrogen fixation is reduced compared to the
legume monoculture. Non-legumes tend to be better
at suppressing weeds than legumes; therefore, mix-
tures dominated by non-legumes are generally better
able to suppress weeds than legume-dominated mix-
tures. However, non-legume dominated mixtures
often suppress both weeds and legume biomass. As
a result, mixtures that effectively suppress weeds
may have reduced nitrogen fixation rates. In situa-
tions where weed control is equally asimportant as
nitrogen fixation, these mixtures are a nice solution
because they respond to the specific environmen-

tal conditions in any given field. In higher fertility
soils, weeds tend to grow faster and might out-com-

LOOK FOR OUR CHEESES IN YOUR
LOCAL NATURAL FOODS STORE!

www.heighborlyfarms.com

photo by Ann Piombino, figure courtesy Laurie E. Drinkwater

Example of a cover crop mixture with good weed suppression and good nitrogen fixation.
Vetch/rye cover crop planted on 8/16/08 , sampled on 5/24/09. This stand was about 3-1/2
feet tall , with vetch shoots growing up most of the rye stems. Total nitrogen in the cover
crop was 160 Ibs nitrogen/acre whit 89 Ibs coming from nitrogen fixation. Seeding rates:
rye 80lbs/acre, vetch 50-60lbs/acre. Megan Gregory, shown, is a graduate student in the
Drinkwater lab.

pete alegume monoculture. Adding non-legumes
serves as akind of insurance against weeds. In soils
with more limited fertility, both the weeds and the
non-legumes will grow more slowly, giving the le-
gume the opportunity to grow and fix nitrogen. As
research continues, we are finding additional com-
binations that are promising in terms of balancing
weed control and nitrogen fixation.

The next frontier: Soil rhizobia community
Scientists have found that the intensity of agri-
cultural management strongly affects the genetic
structure and activity of soil microbes associated
with cultivated crops, including rhizobia. Although
the bacteria belonging to the genus Rhizobium form
species-specific, nitrogen-fixing symbiotic associa-
tions with a host legume, they also exist in the soil
as free-living decomposers. Management practices
that modify inputs of organic material are likely to
influence the population structure of these bacteria.
The composition of rhizobia populations can signifi-

cantly influence biological nitrogen fixation because
not all strains are equally effective in their ability

to fix nitrogen in partnership with the host plant. In
conventionally managed agriculture systems that
receive nitrogen fertilizer, the indigenous rhizobia
are often less effective symbionts than strains used
as inoculants selected for high nitrogen-fixation.

Thereis amost no information available to farm-
ers and scientists about how organic management
practices affect the population composition and ef-
ficiency of rhizobia. This is surprising, given their
profound importance in regulating the amount of
nitrogen being fixed in organic cropping systems.
Organic farmers commonly use inoculants contain-
ing the proper symbiont for their cover crop species,
however, most inoculants have been developed in
background soils that differ greatly in their carbon
and nitrogen status from organic soils, and the qual-
ity of commercial inoculants varies greatly.
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Nitrogen fixation in vetch monocultures (dark green) and vetch-rye mixtures (bright
green) across nine organic vegetable fields arranged based on nitrogen fixed in the vetch
monoculture. The data are from studies we’ve been conducting on organic vegetable farms
beginning in 2008. Small plots were established in fields planted with cover crops to compare
vetch growing with and without an interseeded grass. Planting date is a key factor in
determining how much nitrogen is fixed. Planting dates which were too late in the season
did not permit good establishment of the vetch and performed poorly. Looking at fields 1-5,
with similar planting dates and where nitrogen fixation in vetch monocultures was very high
(94-106 1bs nitrogen/acre), the variability in nitrogen fixed was much greater in mixtures
and ranged from 18-85 1b nitrogen/acre. Our research on farms indicates that planting date,
soil fertility and seeding rates interact in ways that are difficult to predict. The bottom line
is that with the on farm data there were too many variables to make a quantitative analysis
of the factors driving nitrogen fixation. The information is still very useful because now we
can design an experiment to test our ideas based on this preliminary data. Until we carried
out this research, we had no idea how variable N fixation was in the mixtures! Farmers
who see that their vetch/rye mixtures are dominated by the rye with very little vetch despite
reasonable planting dates can adjust these mixtures by reducing the proportion of grass in
the seeding mixture.

In the wealth of studies on rhizobia-legume ecol-
ogy, most have focused on forage and pasture crops
and green manures for tropical environments, with
almost no reports providing data that helps farmers
to effectively manage the rhizobia commonly used
to inoculate temperate, green manure species. The
success of leguminous green manuresislikely to
depend on the structure and diversity of the popula-

tions into which the inoculant strains are introduced.

Currently, we do not know if nodules forming on
green manures in the organic farms we study are
from inoculant rhizobia or from less effective, in-
digenous rhizobia. We also do not know whether
long-term organic management fosters naturalized
rhizobium strains that tend to be more or less effec-
tive than the inoculated strains.

To learn more, my research group at Cornell has
initiated studies of the rhizobia communities in nod-
ules on working farms. Beginning with soybeans,
we compared the rhizobia populations in nodules
across four farm fields—two organically managed
and two conventionally managed—in upstate New
York. We found varied occupancy by the inoculant
strains within soybean nodules based on manage-
ment system. Soybeans grown in conventionally
managed fields had greater numbers of nodules
occupied by inoculant strains compared to those
grown in organic fields. Richness and diversity of
nodule rhizobia in soybeans from organic fields was
much greater than those from conventional fields.
Thisresearch isjust beginning and we do not yet
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know how these differences in the populations of
nodules affect nitrogen fixation rates. For the time
being, we recommend that growers follow the stan-
dard recommendations in terms of inoculation of
legume seeds.

A joint effort
Biological nitrogen fixation is an amazing, solar-
powered process that is amost as ancient as life
itself. Legumes and their microbial partners could
play amajor rolein transitioning our global food
system toward sustainabilty. While questions remain
about the finer points of how management practices
in organic farming systems can be tweaked to opti-
mize biological nitrogen fixation, we do know that
rotations incorporating leguminous cover crops are
an essential element of sustainable farming systems.
Organic growers continue to experiment and de-
velop innovative cover cropping options, while re-
searchers are engaged in increasing our understand-
ing of the underlying biology of this process and
developing new legume varieties. In 2008, the US-
DA’'sAgricultural Research Service released Purple
Bounty and Purple Prosperity, two new varieties of
early flowering hardy vetch developed by geneticist
Thomas Devine. Such work will expand the oppor-
tunities for organic farmers to design legume-based
rotations that achieve multiple goals.

figure courtesy Laurie E. Drinkwater

Keys to optimize biological nitrogen fixation
from legumes

» Good drainage, soil tilth and favorable pH
* Use compost additions to supply phosphorous,
potassium, and micronutrients. Avoid over-appli-
cation, which will suppress nitrogen fixation and
lead to nutrient imbal ances.
» Match legume species with time availablein
your rotation—maximum nitrogen fixation occurs
at flowering
* Longer growing legumes generally fix more
nitrogen
* Most legume species start fixing nitrogen after
six weeks of growth
* For overwintering legumes, planting early
enough is crucial.
* Observe the composition of mixtures consisting
of legumes and non-legumes before plow-down
in order to fine-tune seeding rates for the specific
conditions on your farm.

% N from Total N fixed
Cover crop species fixation (Ibsfac) -
Cowpea 39 37
Cowpea + Japanese millet 72 59
Cowpea + SorgumSudan 56 26
Forage soybean 67 88
Forage soybean + Japanese millet 82 28
Forage soybean + SorgumSudan g0 35

Response of legumes in mixtures is species specific. Again, the trend of increased nitrogen
fixation rates in mixtures is evident in cowpea and forage soybean. Cowpea was compat-
ible with Japanese millet and total N fixed increased from 37 to 59 lbs. N/acre while sorgum
sudan grass suppressed cowpea growth and reduced nitrogen fixation. Soybean fixed greater
amounts of nitrogen as a monoculture and although the proportion of N fixed was very high
in mixtures, soybean growth was severely limited by both grasses and nitrogen fixation was
greatly reduced in both mixtures.

Julie Rawson &
Jack Kittredge
Barre, MA
farm@mbhof.net
www.mhof.net
978-355-2853

Vegetable and Flower Shares, Chicken,
Turkey, Pork, Lard and Eggs available

Certified by Baystate Organic Certifiers
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Roxbury Farm
Cover Cropping and Soil Building on a Working Farm

by Jack Kittredge

The Hudson Valley, between the river and the Mas-
sachusetts and Connecticut borders, has long been
an active areafor small farms. Decent soils and ad-
equate rainfall make farming attractive, but rolling
landscapes and some areas of rocky deposits have
kept larger scale agriculture from settling there.
Kinderhook’s Roxbury Farm, run by Jean-Paul
Courtens and Jody Bolluyt, is one of the region’s
largest operations.

Courtens, who had run Roxbury Farm in a differ-
ent location for 10 years before his divorce, was the
driving force in moving it here. The 350 acre farm
was put together from 3 parcels in 1999 by Equity
Trust and the Open Space Institute. Equity Trust
owns the land, and Courtens and Bolluyt have a 99-
year lease onit. All but 13 acres are permanently
protected from development and must remain in
agriculture. The land was originally part of the es-
tate of Martin Van Buren, 8" president of the United
States (a National Historic Site to his memory di-
vides the North and South parts of the farm), but
more recently was planted to year after year of po-
tatoes.

“When we came here in 1999,” Jean-Paul says, “all
you saw in the whole field was potatoes. I had been
building soil for ten years before that in a different
location, then | had to start al over again.

“1 never looked at farmland as away to build eg-
uity,” he continues. “What are you going to do with
your personal equity — sell it to a developer? That’s
silly. Thisiswhere we can throw our heart into it
because we know that whatever our dreamisit will
continue. They took five years to put this land deal
together. It is rare to find so much contiguous farm-
land in Columbia County. There are alot of people
in Kinderhook who commute to Albany and good
farmland also makes good development land!”

Courtens came to the US in 1985. He was just 25
and had graduated from a four-year Biodynamics
training in Holland. The school had received a letter
from the Biodynamic Association in the US asking
for help furthering their work. The teachers thought
Jean-Paul would make a good advisor, so he used
up his savings that summer traveling all through the
East Coast and then the Midwest.

“I found a place where I wanted to stay,” he recalls,
“which was as a vegetable gardener in Camp Hill
Village in Minnesota. | had to apply for awork

photo courtesy Roxbury Farm

Mowing the cover crops (with a 14-foot mower) to build soil organic matter.

permit and I came back in 1986. I grew the veg-
etables there and the director of the Biodynamic
Association happened to come by for avisit. He
was impressed by our vegetables and told everyone
about this Dutch guy who was good at growing veg-
etables. So | got an invitation to work at Hawthorne
Valley. They had an outlet at the Greenmarket in
New York City for their meat and yogurt and bread,
but everyone was asking for vegetables. Nobody
there really knew how to grow vegetables on a com-
mercial scale. So they asked me to come to Harlem-
ville. By then I had met my then-wife and she was
from the New York area, closeto Harlemville. So it
all made sense. Her parents were excited about our
moving back to the area. | ended up spending three
years at Hawthorne Valley.”

After that histhen father-in-law suggested Courtens
look at their land, where he started Roxbury Farm.
He found 30 acres next door in Claverack where he
could make hay and have a cow/calf operation for
manure.

photo by Jack Kittredge

Jean-Paul examines the germination of cover crops he has planted.

Over the years, farming at different sites, Jean-Paul
developed strong ideas about what makes a good
farm. “Starting off with a good soil,” he says, “is the
best investment a vegetable grower can make. Alter-
ing the state of the soil besides drainage and rock
picking is hardly ever cost effective compared to the
cost of prime farmland. Building organic matter and
increasing structure do not alter the state of the soil
-- they merely improve what is already there. When

| go out to look for afarm | look for one that has
good soil and will be stone free. I hate rocks.”

He feels that what crop is growing on a site should
be adirect result of the soil type there. The presence
of large rocks, steep slopes, or poor drainage, for
instance, makes some land unsuitable for vegetable
crop production.

Good vegetable land, according to Courtens, has:

« High carrying capacity (it can carry the weight of
equipment without creating irreversible compaction)
* Good natural or artificial drainage

» Good accessto irrigation water

 Deep topsail that is free from stones

* Almost flat with slopes that do not exceed 2%.

« Located in along season micro climate

* Good exposure to sunlight

» Good air drainage to avoid late spring frosts.

* Good access to farm roads

* High Cation Exchange Capacity (CEC)

Soils are like different kinds of horses. “When we
assess the physical quality of our soils,” Jean-Paul
likes to say, “we determine its physical strength

and limitations. Working land can be like working
ahorse. First, we need to understand what horse we
are dealing with. Is it a workhorse or a riding horse?
Each has different qualities. We will not try to pull
a heavy load with ariding horse for a prolonged pe-
riod of time. Within this analogy, our sandy soils are
like riding horses. The usefulness of ariding horse
isin its speed; while it might pull aplow, it lacks
the persistence of aworkhorse to complete the task.
Sandy soils are great in the early spring since they
drain well and warm up quickly. This allows us to
work these fields earlier than others. But in the sum-
mer, they easily dry out, and can only achieve good
yields with irrigation. Our sandy soils do not hold
nutrients well and the lack of clay and low percent
of organic matter is confirmed in the relatively low
cation exchange capacity. A heavier soil, like a silt
|oam, resembles aworkhorse; it works harder at an
initially slower pace but with much greater resil-
ience. Silt loam soils warm up alittle later in the
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Jean-Paul holds a sprouted bell bean, one of his favorite leguminous cover crops.

spring but their ability to hold nutrients and water
gives them a great advantage during the summer
months.”

Courtens notes that it has proven more difficult to
build organic matter on a sandier soil with large
granular particles compared to the soils that contain
smaller particles or some clay. Nutrients tend to
drain out of a coarser soil and leaching of nitrogen
and other mineral fertilizer can be a problem. The
buildup of organic matter and nutrients are like the
muscles and fat on a horse's body. At times when
lots of work is demanded it has the reserves to com-
plete its task.

“1 would never grow afall crop on the gravelly,
sandy soils at Roxbury Farm,” he states. “Those are
spread around quite a bit here. But fortunately the
farm is mostly loam, thank God. But on the other
hand, thank God we have some sandy soil or we
would never be ableto get in the ground intime. A
year like this we are going to have to move around
the crop rotation again. It has been so cold. And then
when it finally turns warm and dry, say May 1, you
have to put on a couple of inches of water aweek on
those sandy soils to make them produce.

The CEC of his sandy soilsis around 8 millequiva
lents 100 g, whereas down below in the heavier
soilshe has 12, 14, even 16.

“That’s what | mean with the riding horse and the
draft horse — it’s really a matter of the CEC,” he
explains. ‘Here, in 1999, we started with a pH of
5.2 and almost no organic matter. We' ve gotten the
organic matter up to 2.6% so far with alot of com-
post. We corrected the calcium base saturation ratio
to about 68%. We're getting alittler high right now,
actually, because we are using compost made from
poultry manure. The problem with that isthere are a
lot of egg shellsin it, which means alot of calcium.
We never have to lime anymore!

At Roxbury Farm, of the 120 acres that are suitable
for vegetable crop production, only 45 are planted
in cash crops while another 45 acres are planted in
soil improvement crops with the remaining 30 in tall
fescue and orchard-grass combined with ladino and
red clover for hay. Almost all of the vegetable land
is rated category I or II (Occum, Unadilla, Knicker-
bocker, and Hoosick). It ranges from coarse sand to
a fine silt loam. The remainder of the land at Rox-
bury is divided between hayfields, pastures, woods,
or wetlands. Those places are important in providing
feed for the livestock and biodiversity to comple-
ment the land committed to cash crops.

The diversity of soils and fields makes planning
each year’s plantings a challenge. “ Thereis no
such thing as a perfect rotation,” groans Jean-Paul.
“We take it field by field. Of course it really takes
45 acresto raise 30 acres of vegetables here. This

is 5 acres of vegetables in a 7 and a half acre field,
for instance. This field over here is 12 acres but I
can only really find 8 that I can plant in, because of
the harvest lanes and the headlands and everything
else.”

All their vegetable land isirrigated, using either drip
or overhead systems. They have about 7 acresin
Biotello, the biodegradable plastic mulch, and use
drip under al that land.

“We monitor the soil moisture with sensors,” says
Courtens, “and bring in the overhead as mainte-
nance irrigation when necessary. We could irrigate
50 acres aweek with overhead if we wanted. We
only cover maybe 30. Our drip isamoveable sys-
tem so it can follow our rotations. We have under-
ground lines that allow usto have it where we want.
We only use drip when we use the plastic Biotello
mulch. Most of the crops don’'t want to get wet.
Tomatoes, cucumbers — they want to stay dry. We
have tomatoes, eggplants, peppers under Biotello.
Onions, early cabbage, early broccoli is all Biotello.
Whenever we want to speed up a crop, we use Bio-
tello. It is extremely expensive — it’s three times the
price of regular plastic. But you don’t have to pick
it up. It does take a whole season to degrade, how-
ever.”

Courtens and Bolluyt run a large CSA at Roxbury
Farm, with over 1000 shareholders representing

over 1200 families. A share represents 10 to 17
pounds of fresh produce, running from 7 to 12 va-
rieties. Besides pick-ups on the farm, they deliver
to 2 sitesin Columbia County, 6 sitesin the Capital
Region, 5 sites in Westchester County, and 4 sitesin
Manhattan. In addition to the vegetable shares, con-
sumers can also get fruit shares bought from afarm
down the road, and pork, lamb, or beef meat shares
raised at Roxbury Farm.

Like most CSAs, Roxbury Farm tries to get a num-
ber of cropsin early so there will be something
significant in the first shares in early June. By mid
April they have onions, cabbage, kale, Asian greens
and potatoes all in the ground. They start sweet corn
in the greenhouse in early April and transplant it
out in 2 weekswhen it is8to 10 inchestall. They
do thisfor 10 weeks, guaranteeing a crop for shares
starting July 4" and running for 10 weeks. They do
alot of root cropsto carry members sharesinto De-
cember.

Some springs, of course, planting is not possible
early in even the sandy fields. “This field is not tiled
and it is a little wet,” says Jean-Paul as we look for
aplace to plant corn on April 22. “I worry about
compaction if we try to plant here today. | see alittle
mud picked up by my boots, | don’t want to see that.

“The ground here is ready to go,” he continues. “It
has been subsoiled, chisel plowed, fertilized, and
the beds are made. All you have to dois put the
planter in there, to transplant the corn, then cover it
with row cover right away. We leave that on until
the corn is knee high, then we take it off and bring
in the parasitic wasps. They’ll take care of the Euro-
pean Corn Borer. The early corn is heavily infested
with ECB and you have to knock them down hard.
They’re like Colorado Potato Beetles. You want to
get that first generation that comes out.”

When people buy a vegetable share from Roxbury
Farm they can opt to buy afruit share. The fruit
share is not organic but contains 2 to 4 pounds of lo-
cal fruit each week. It starts with cherries, then goes
into apricots, peaches, plums, and stone fruit. The
farmer raises blueberries and raspberries, but Jean-
Paul and Jody chose not to buy those because they
are often heavily sprayed. The fruit ends with alot
of pear and apple varieties.

“It is nice working with him,” says Courtens, “even
though he is not organic. The volume we are selling
we couldn’'t even get that much local organic fruit. |
don’t know how to grow organic fruit. That is some-
thing that someone like Hugh Williams, who realy
focuses on it, can do. As diverse aswe aready are it
is hard to be good at it, to be cost effective.”

One way in which Jody and Jean-Paul are quite
diverseistheir animal operation. It isimportant to
them, as Biodynamic farmers, to have animals on
the farm.

photo courtesy Roxbury Farm

Buckwheat flowering in late July or early August on Roxbury Farm
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“You want animal husbandry as the basis of any
healthy farming organism,” asserts Courtens.

“We' re not very successful yet at integrating the
animals. It's partly a matter of fencing — the sheep
tend to get out. It should be easier with cows. Pigs
are easy. We are not yet grazing the animals on the
fields where the vegetables grow. Instead we are
growing hay and straw and feeding it out and us-
ing it for bedding and returning the manure to the
fields.”

They make some compost, but not enough for all the
vegetables. Roxbury has a flock of 60 or 70 ewes,
two sows, and is expanding the beef herd. They save
the manure when they muck out those holding ar-
eas, athough the animals are often on pasture. The
pigs are raised in the woods. There is also achicken
operation run by a couple of workers at the farm as
aside venture, although the birds are available to
customers as a chicken share.

Up to now the farm has bought-in feeder cattle. But
the pair has been frustrated doing that. There wasn't
a dedicated pasture for them, they tended to be wild,
and Jean-Paul prefers cow to steer manure for some
for some of the Biodynamic preparations.

During my visit Jody and Jean-Paul set up a cattle
loading area and connected it to a pasture they were
fencing in. They talked with me as they worked.

“We just got a beef herd,” Jody explained, “and this
is where we are going to load them.”

“This year the guy that sold us beef cows was sell-
ing his whole herd,” Courtens says. “We decided
this was the moment to buy them and raise our own.
The reason we have such afancy areato round them
up is because beef cattle are quite wild and for our
own safety we needed a yard like this. But with our
own cows | think they will be tamer. We built the
new barn so we could take care of the cows during
the winter.

“We are going to get 7 cows, 8 heifers and 4 calves
plus another 6 steers from Hawthorne Valley,” he
continues. “Between all of that we are going to need
75 acres of pasture. This was a hayfield and desper-
ately needed to be put into something. | tried to seed
it last year but wasn't very successful. I'll be ableto
cut this field into 12 different sections with tempo-
rary fencing.”

The fence will be charged by a solar panel and a
battery, and fresh water supplied from the well via
trenched black plastic pipes, which the pair have
buried all over the farm. A local line connecting to
the beef pasture was being dug during my visit by
their 21-year old son, Johannes.

“We want to be able to give potable water to al the
animals,” explains Jean-Paul. “We could draw wa-

photo courtesy Roxbury Farm

Jody feeds the pigs in the woods.

ter from that creek, but if you have high water, that
creek water isturning brown. | don't feel very good
giving that to my cows or any of my animals. So we
draw from the well and run 3000 feet of black line
to get it to the animals. A lot of people don’t even
bury their water line, they leave it above ground.
But 3000 feet of black poly will heat that water to
boiling on a sunny day.”

One of the things that Roxbury Farm hasn’t worked
out well enough yet regarding the animalsis how to
market them.

Courtens sighs: “We still have to find what the right
priceisfor meat. It is much harder to make the meat
CSA pay than the vegetable one. | guess the reason
isthat the cost of conventional meat is so ridicu-
lously low compared to the cost of vegetables. That
has alot to do with the fact that there isrelatively
little waste in the meat business. The reason why the
vegetable CSA is successful is because we take out
all that waste that is built into the price of normal
produce -- it hasto look perfect, things are wasted at
the warehouse, in the field, in the supermarket — all
that waste people pay for in the end. But we deliver
it al to the customer so there’s no waste.

“We find that when you have a hard time expanding

your market,” he continues, “people either don’t eat
meat at all, which | don’t believe, or your priceis

photo courtesy Roxbury Farm

Jean-Paul likes the dense stands like this he gets when he cover crops with oats and peas.

too high. So that is an issue that we have. The prob-
lem with lamb isthat people aren’t familiar with it.
We enjoy raising sheep. But the market is definitely
for pork. That wood lot over thereis 7 acres, and
we can host 15 butcher hogs there at atime. That's
about all we'rewilling to raise. If we put in over

2 hogs per acre they would start doing damage to
the ecosystem. They’re only in there for maybe 4
months. But even so they have one area where they
roll around in the muck — they have made a mud
hole there.”

Jody and Jean-Paul feed the pigs grain and they
grow rapidly. They have never had a problem sell-
ing out of pork, but the processing cost isreally high
so they end up not making alot of money on pork.
They do want sows, however, because they like to
have a place to drop off what vegetable waste there
is. They bring it to the sows, who love the |eftover
tomatoes, winter sguash, etc.

So far the farm has only had a market for 8 steers.
The pair worry that with so many new steers they
might have to push their market for beef. They
might have to start marketing beyond the CSA. One
of the things they are most proud of istheir Animal
Welfare certification.

“Our customers like that we are certified animal
welfare approved,” says Jody. “Our members like it,
too. We’re not certified organic -- that is a different
certification.”

The farm uses a large animal slaughterhouse in Ca-

naan that does animal welfare approved processing,
which isvita if the farm wants to be able to put that
label on the meat.

“The chickens aren’t covered by animal welfare,”
explains Jody, “because we slaughter them on-farm
and you have to have a very expensive stun gun,
which we can’t afford, for their slaughter. But the
chickens are free-ranging within our perimeter
fence. They have a shelter they can run under to get
away from hawks. Shelley and Michael lock the
birds up at night and move the shelter. They only
lost a couple of birds to hawks.”

Given that Roxbury Farm is trying to build up soil
which has been badly degraded by years of potato
production, Jean-Paul and Jody put alot of energy
into cover cropping. They have an elaborate system
which involves keeping the soil covered virtu-

aly fulltime, using deep-rooted crops to penetrate
the soil and hardpan, using grasses to fix carbon,
legumes to fix nitrogen, diverse green manures to
break disease and insect cycles, and mowing and
plowing down to build soil organic matter and hu-
mification. Courtens has actually published a hand-
book on the Roxbury Farm site which details many
of their farming practices, including cover cropping.
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photo by Jack Kittredge
Jean-Paul snakes fencing wire around a post
to be a part of their new beef pasture.

On their website the pair list the reasons they use
cover crops, and some details of how it works:

Reduction of nutrient leaching -- Soluble nutri-
ents are easily washed out over the winter months
unless they are taken up by a cover crop.

Reduction of soil erosion -- A crop of rye seeded
in September and plowed under in April is able to
keep the soil from eroding away over the winter
months. Rye and hairy vetch as a mix are very ef-
fective, asthey will add to soil-life and increase
the mineralizable nitrogen fraction. Although if
plowed early, the humification co-efficient can be
low, soil life is greatly benefited by the mere fact
that the ground has not been left exposed. The
roots of the cover crops after breakdown form the
very important capillaries for drainage aswell as
water uptake.

Increase of pores in soils and breaking up

hard pans -- Sweet clover is known for its deep
penetration of the soil and breaking of hard pans.
But any established grass will greatly increase the
amount of pores in the soil. Presence of oxygen
promotes breakdown of dead organic matter as it
increases microbial activity.

Increase in soil life activity -- Soil particles are
held together by soil life activity, especially by
mycorrhizae. The cover crop roots provide the
needed sugars and amino acids for the activity of
the mycorrhizae, which provide the plants with
better uptake of minerals especially phosphorus,
and allow the plant to absorb water more effi-
ciently by enlarging the root hairs. Seventy-five
percent of seed bearing plants have a symbiotic
relationship with mycorrhizae unless they are de-
stroyed by the use of mineral fertilizer. Deriving
fertility, and especialy nitrogen, from the use of
cover crops in reaction with nitrogen fixing bacte-
ria allow for a beneficial environment for mycor-
rhizae. A good example is our heavy reliance on
both bell beans and oats to provide the necessary
fertility for demanding crops like cauliflower. The
beneficial environment created by the growth and
eventual breakdown of the bell beans allows for
more efficient nutrient uptake by the cauliflower.

Increasein organic matter content through
carbon intake -- Grasses are known for their
excellent ability to fix carbon out of the air. For
greatest uptake of carbon in one season, Japanese
millet and sorghum-Sudan are favorites. To avoid
reduction of nitrogen content due to breakdown,
mix these crops with forage soybeans (not to be
confused with regular soybeans)

Fixation of Nitrogen by legumes -- Nitrogen
fixing bacteria, which exist in symbiosis with the
roots of the legumes, fix nitrogen out of the air
and form ammonia. Look at the roots of the le-
gume to find out if nitrogen is being fixed: if the
roots have nodules that are red or pink colored
inside, it has active bacteria. If the roots do not
show nodules, find out if the soil pH is too low or
if the particular bacterium isin your soil. Many
legumes live in symbiosis with different bacteria.

Rhizobium japonicum lives in symbiosis with soy
beans, Rhizobium trifolii with clover, Rhizobium
meliloti with alfalfa. These crops are usually inoc-
ulated with the bacteria before planting. Azobacter
species are free living bacteria capable of fixing
nitrogen. Efficient legume crops are bell beans,
field peas, hairy vetch, sweet, red and ladino clo-
ver, and forage soybeans.

Weed management -- Many crops are able to
choke out other weeds. By using short season
cover crops we reduce the number of weeds going
to seed. Thisresultsin reduction of labor needed
in the cash crops

Plant disease management -- Most cover crops
arein adifferent plant family than our cash crops.
By allowing cover crops to grow a full season

and become part of the crop rotation, disease and
insect cycles can be broken. Thisresultsin in-
creases of yieldsin the cash crops at lower labor
costs, due to increased efficiency of harvesting
and sorting. Some diseases and insects affect a
variety of plant families. It isimportant to take
great care when planning your rotation and to be
aware of diseases and insects that might be caused
or carried by the cover crops. On the other hand,
mustard and sorghum can act as bio-fumigants
and, when properly plowed under, can reduce in-
cidences of Verticillium wilt, Rhizoctoniaroot rot,
Fusarium wilt, and Pythium root rot.

Overall farm diversity -- Most insects feed off
the pollen of the grains and grasses when they are
left to mature. In some instances, the cash crop
acts as a host to beneficial insects. The pollen of
the sweet corn is a good example as it provides
food and habitat for the trichogramma parasitic
wasp. For that same reason, parsnips can be | eft
in the ground to flower in the spring. Dill, another
member of the Umbelliferae family, can serve the
same function. After the dill is cut for market, the
plants remain alive and produce flowers at a time
when the parsnips have gone to seed. Green ma-
nure crops provide a source of nectar to wild bees
and we try to have at least one cover crop in full
bloom during the growing season.

Natural Farmer

Subscriptions & Back Issues!

A limited number of back issues of Natial Farmer are available for sale.
The current issue and the last four issues cost $5.00 @ postpaid. Earlier
issues (collector’s copies) cost $8.00 @ and are subject to availability.
Subscriptions are $15 per year (or $20/yr. if to a foreign address).

Current issues ($5@) : 79 Organic Mulches

88 Organic Tree Fruit 77 Online Marketing of Organics
87 Organic Farms & Coops 76 Manure & Organic Farming
86 Organic Farms and Money 75 Labor on Organic Farms
85 Farms & Gov’t Regulation 74 Climate Change & Org Ag

Collectors Copies ($8@) : 73 Organic Minor Fruit
84 Alternative Animal Feed 72 Water and Agriculture
83 Crop Nutrient Density 71 Globalization & Agriculture
82 Localization & Org. Farms 70 Organic Potatoes
81 Microbes and Human Health 69 Is Organic Better?
80 Building Organic Soil 68 Who Owns Organic?

Yes, | would like a subscription or back issue of Natural Farmer , or both
as indicated below. I have included the total as a check made out to
“The Natural Farmer”. (Add $2 per back issue if to a foreign address).
If you have questions call: 978-355-2853 or Email: tnf@nofa.org.

Issue No. Price

Address

sub 1yr. @ Town

State Zip

sub 2yr. (A Phone ( )
sub 3yr. O

Total enclosed $

Of course nothing is without a downside. There are,
Jody and Jean-Paul agree, some disadvantages of
COVer Crops:

Grains and afalfaare ahost for thrips, tarnished
plant bug, and |eafhoppers. Once the grain is com-

Send to: The Natural Farmer, 411 Sheldon Rd., Barre, MA 01005

COG Pro

The Online Solution to
Organic Record Keeping

COG Prois an
easy-to-use
system that
satisfies the
USDA standard
for Certified
Organically
Grown record
keeping.

All your records
are in one online
notebook,
available from
anywhere in the
world.

Powered by our secure online database, COG Pro makes generating
reports for certification a snap. From headache to problem solved.

Certified

Organic certification - simplified.

Or_ganlc WWW.COZ-pro.com
Business
Solutions email: ServiceDesk@cog-pro.com




Summer, 2011

The Natural Farmer

B-29

bined or the alfalfa cut, many insects including
thrips and leafhoppers ook for a new home. Aswe
increased our acreage in grains and legumes our
problems with thrips and leafhoppers increased. Our
solution has been to have another crop available
(besides the vegetables) for the insects to migrate to
and to never mow all the cover crops at one time.
Sod can provide a cover for the eggs of many in-
sects. Flea beetles and carrot-flies take advantage of
this environment over the winter.

Another detriment from too much raw organic mate-
rial istheresidual activity in the soil that can have
the same effects as fresh manure. Many diseases
and pests, like aphids, increase when too much raw
fertility is applied. We also noticed higher root rot
ratings due to pythium or rhizoctonia as clover is

a host to both diseases and especially rhizoctonia
thrives under high organic matter conditions.

Jean-Paul showed me one field he had just planted
with one of his favorite combinations: oats, bell
beans, and field peas.

“Here is a bell bean coming up,” he says, excitedly.
“This here isyellow blossom sweet clover that we
let go to seed last year. So now it comes back as a
weed. But it’s okay because I can let it all germi-

photo courtesy Laurie Drinkwater
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nate. Here are peas coming up. Field peas! They get
4to 6 feet tall. Here's abell bean. Those will be cut
down in the middle of June. We will work them into
the soil. It will just be asea of green thistall —4to 5
feet — oats, bell beans and peas. It is so dense!

“We tested for nitrogen,” he continues. “We fixed
200 pounds of nitrogen to the acre with those! The
trick is always to grow grasses with legumes. These
fields here will all be late broccoli, cabbage, cauli-
flower. That’s why we’re planting them all in bell
beans and oats. They will be seeded in the beginning
of June and planted in the middle of July.”

He pointed to another field: “This is a hayfield. We
seeded rye and clover directly into it. We drilled
winter rye directly into the sod. We're going to cut
them all together and use it as mulch. That will go
between the rows of Biotello. We’d like to get 250
round bales of rye out of this. Between bedding for
the animals and for mulching we can use alot! It
bringsin alot of silica.

“That’s 8 acres of rye over there,” he continues.
“But I might work that under because that is go-

ing to be seeded down to sorghum and crotalaria or
sunn hemp. That's alegume native to India that gets
6to 8 feet tall. It'sarisky crop. If you have a hot,
dry summer it is great!”
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An | nterview with Eric Norddll:

Cover crops to suppress weeds, boost biomass, and fix nitrogen

interview by Sharon Tregaskis

At Beech Grove Farm in the Allegheny plateau of
north-central Pennsylvania, Anne and Eric Nordell
hew to three guiding principles: maintaining fertility
with minimal off-farm inputs, staying out of debt,
and relying only on their own labor, sans employees.
To achieve their goals, they’ve developed a complex
rotation in their six-acre “bioextensive” market
garden, certified organic since 1988. Instead of
tractor equipment, the Nordells use horse-drawn
implements. Customers for their potatoes, onions,
garlic, lettuce, and other crops include restaurants,
supermarkets, and shoppers at the Williamsport, PA,
farmers market.

Among the 12 half-acre plots in their rotation, the
Nordells alternate cover crops and a bare fallow
period with either spring or fall cash crops. Before
spring-planted vegetables, they use winterkilled oats
and forage peas; before summer and fall-planted
produce, they use overwintering rye and hairy
vetch. Instead of irrigation, they combine tactical
plantings of winterkilled crops and minimal tillage
to enhance water conservation and reduce | 0ss of
vital soil nutrients, including nitrogen. To boost
nitrogen levels, they rely mainly on leguminous
cover crops, interplanted with biomass-intensive
cover crops that are mowed to reduce shading and
boost growth of the nitrogen-fixing legumes. To
reduce weed competition in their cash crops, they
apply manure—produced by their four draft horses
and composted by pigs—only to cover crops.

with buckwheat (see sidebar). In 2004, inspired
About ten years ago the Nordells began combining by Eileen Droescher at OI’ Turtle Farm (formerly

buckwheat, a warm-season, weed-smothering of Easthampton, MA, now in North Carolina), the
insectary, with perennial medium-red clover intheir  Nordells replaced the buckwheat in their system
rotation. That combination sparked the interest of with sorghum-sudan grass, a hybrid, warm-season
Cornell University’s Laurie Drinkwater, aprofessor  grassthat grows to twelve feet and frostkillsin

of horticulture, who studied the nitrogen fixation the fall. In 2010, they swapped out the perennial
of both crimson and Berseem clover interseeded medium-red clover for crimson clover, which
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Crimson Clover and Buckwheat make a good legume/grass mix at the Nordells’

winterkills, reducing the imperative for heavy tilling
in spring. I asked Eric to explain how the system
came about and, six years into the experiment, how
it'sworking.

* Why did you decide to introduce a new cover
crop combo?

We take half of the market garden out of production
each year and put it in managed fallow to reduce
the weed seed bank and build up the organic matter.
We had virtually eliminated our summer weed
population, but cool-season weeds like chickweed
and dandelions were still a problem and our system
was aggravating it. We decided to shift around our
fallow period to spring, to manage for chickweed
and dandelions, and we needed a cover crop combo
to plant in mid- to late-June, following the spring
fallow. The sudex really takes off in the warm soil;
the medium-red clover tolerates the shade below
the grass and fills in, so that by the time the sudex
frostkillsin the fall, we have a complete sod. The
cool-season weeds like chickweed don’t stand a
chance.

* What prompted you to replace the buckwheat?
We wanted to do one big cover-crop planting in

the middle of June. Buckwheat worked well as a
nurse crop for the medium-red clover, but we felt
that we weren't getting enough biomass—it’s pretty
succulent material. We wanted to maximize the
organic matter. The sorghum-sudan grass can grow
to twelve feet. At four-and-a-half feet, we mow it
to eight inches and it grows back. In a hot, dry year
we'll get three cuttings. That's alot more organic
matter than the buckwheat.

One of the other reasons we were interested in the
sudex is that it’s considered a good rotation crop
with vegetables. It doesn’t share the same root
diseases and it suppresses nematodes. Legumes
are more like vegetables, so they share more of the
same diseases. I’'m hoping the sudex provides more
of abreak for our cash crops than you would get
with just legumes.

* How do the buckwheat, sudex, and clovers
affect pest pressure?

For years, we overseeded our cash crops with a mix
of red and sweet clover, which grew overwinter. In
mid-summer we’d turn it in and after a six-week
bare fallow, we' d plant it to rye and hairy vetch.
When the clover came into bloom, around the end of
June or beginning of July, it attracted tarnished plant
bugs. When we turned under the clover, we were
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taking away their habitat and pushing them into our
cash crops, which was a big problem for the |ettuce.
That's part of why we decided to shift around our
fallow period to spring—along with managing for
chickweed and dandelions—and that eliminated

the tarnished plant bug problem. With the sudex
combination, we turn in the clover before it goesto
bloom, eliminating the bloom and bust cycle with
the tarnished plant bugs.

The buckwheat is an insectary that attracts
beneficials, as well as tarnished plant bugs, which
can be aproblem in our lettuce. We found it better
to do a series of small buckwheat interseeedingsin
our cash crop for a continuous supply of blossoms.

One interesting thing we' ve observed is that we've
noticed more flea beetle pressure after clover plow-
down than after rye and hairy vetch. Last year, we
used Entrust, an OMRI-approved product to control
flea beetles in our fall brassicas: cabbage, kale,

and so on. We only had to spray the broccoli once,
where it followed rye and vetch, but three times
after the clover. That may be a very site-specific
phenomenon.

* Besides managing shade to boost nitrogen
fixation by the clover, what advantages accrue
from mowing the sudex?

Thereis research showing when you mow sorghum-
sudan grass at three-and-a-half to four feet, it puts
its roots deeper in the soil. It's a drought-tolerant
crop and that’s because it keeps pushing its roots
deeper. We rely on our cover crops for deep

tillage, something sudex, sweet clover, and daikon
radishes, which are marketed astiller radishes, al
accomplish. Nitrogen-hungry crops like turnips

and radishes are popular in Maryland, where they
spread chicken manure and need something to
capture the extra nutrients before they leach into the
Chesapeake Bay. Clovers make more sense here in
hilly Northeastern soils, because they boost fertility.

* Are there any drawbacks to the sudex?

If you let the sudex grow all season, it can reach

a height of 12 feet, which is difficult with our
equipment. It also becomes really woody and takes
a long time to decompose. By mowing it shorter, we
maintain it as a more succulent crop.

* How do the finances work out?

Cost is a biggie. Because we’re so committed to
cover cropping and we' re growing high-value cash
crops, we don’t worry too much about it. This past
year, the organic sorghum-sudan grass seed cost

us $67 for a 50-pound bag. We're putting down
45-50 pounds/acre. Organic red clover cost us

$187 for a 50-pound bag and we seed it at 15-25
pounds/acre. Twenty-five pounds gives maximum
weed suppression, but in mid-June, we can get away
with seeding 15 pounds. If we don’t get around to
planting until mid-July, we prefer to use the higher
range. In 2010 we experimented with crimson
clover, which is significantly less expensive. Since
thereisn’'t any organic seed available, we have the
option of using conventional seed. It’s only $45/bag.
We got almost 100 percent winterkill, which makes
for minimum tillage in early spring.

* Are there any tweaks to your system that
someone using tractor-drawn equipment, instead
of draft horses, would have to make?

It’s important to mow the sudex at least six to eight
inches tall because it regrows from its nodes, rather
than the crown. If you cut it tight to the ground, it's
slower and weaker to grow back. We use a sickle-
bar mower, so it’s just a question of raising the bar
high enough to do that. Whatever equipment you
use, whether atractor or hand tools, the important
thing is to cut the sudex at the right height.

* How do you seed the sudex and clover?

We like broadcasting seed, then working it in,
because it seems to generate a more uniform and
competitive establishment. Typically, in the spring,
clover is just broadcast and firmed into the soil with
acultipacker. Since we're planting in the summer
when it’swarmer and drier, we work it into the

soil just alittle bit. We' re seeding in mid-June to
mid-July, so we harrow, then cultipack and we get
reliable stands even in dry, hot weather. It's alittle
tweaking we' ve done here. Using adrill might allow
you to back off the seeding rate.

¢ How does the weather influence the sudex-
clover combo?

One reason why we' ve been happy with the
sorghum-sudan hybrid may have to do with the
apparent changes in the climate. It's a heat-loving
crop and we've had warmer summers, in general.
In 2009 —a cool, wet summer—the sudex didn’t
produce nearly as much biomass. If we werein a
cool, wet cycle we might try something else.

* How do you monitor results?

We check for nitrogen-fixation by looking to see
whether the nodules are pink inside, and they are.
The sudex is a pretty nitrogen-hungry crop, so it
uses up the easily available nitrogen in the soil

and forces the legume to fix its own. That’s the
assumption we're working on. If we're planting a
field that had different management the previous
year—part in mulch, part in a cover crop of rye,
and part bare—it’s interesting to observe where the
sudex and clover come on stronger. If there’s more
carbon in the soil, the sudex isn’t as vigorous and
the clover comes on faster. If there was a nitrogen-
fixing crop, the sudex comes on strong and the
clover is slower, probably just because of the shade
from the fast growth of the sudex.

* How robust was the stand of crimson clover?
We did two crimson clover plantingsin 2010—one
in mid-June and the other on July 13. The mid-June
planting, probably because it was so hot and dry,
was alittle bit sparse and not super vigorous until
late fall. It was adequate, but not great. The red
clover looked much more robust.

The July planting was vigorous and thick, with
maybe ten inches of growth. We haven’'t done a
comparison of the buckwheat and crimson clover.

It would be interesting to see if you get more clover
growth with the buckwhesat, since it dies back as
soon as it’s mowed. I’m curious whether the sudex
suppresses the clover growth because it keeps
growing until it winterkills.

On August 28, when we mowed, the sudex was
between three-and-a-half and four feet tall, with
a thick stand of crimson clover between six and
ten inchestall. On November 22, we clipped the

By the Pound

sudex, which had already frostkilled; at that time the
crimson clover was at least ten inchestall. That time
we cut it quite short, which boosts decomposition
and facilitates spring tillage. The sudex stump and
root system islike alittle corn plant. The longer

you leave the stem on, the more of the residue you
have to contend with in the spring. When we do the
first mowing we cut it at 6-10 inches, to encourage
regrowth. We cut it short in November to make it
easier on ourselvesin the spring.

* How satisfied are you with the sudex-clover
combination?

The biggest drawback to the overwintering red
clover isthat it requires plowing. With rye and
hairy vetch, if it's allowed to mature, you can kill

it by discing or mowing it in the end of May or
early June. Oats and peas will winterkill. The sudex
frostkills, but we have to use intensive tillage to kill
the medium red clover. Minimum tillage, of course,
isgood for retaining soil quality. We don't have a
source of irrigation and the more we can reduce
tillage and maintain mulch on the surface, we can
reduce water demand. Once we have to intensively
till in a cover crop, we lose that advantage.

On the other hand, the mix of winterkilled crimson
clover and frostkilled sudex has real potential for
spring-planted vegetables. Since everything is dead,
we can just use light, shallow tillage to prepare the
seed bed for planting. It's an alternative to oats and
peas, which also winterkill, before spring-planted
vegetables.

With the red clover we get the most nitrogen,
improvement of soil quality, and return on our seed
costs by allowing the red clover to grow through
mid- to late May before turning it under. When you
turn it under first thing in the spring, you only get
the fall growth. If you let it grow in May, you get
better return on the seed, but you can’t useiit for
spring crops. The crimson clover may not provide
as much nitrogen fixation, but it’s not as expensive,
either.

We think sudex and clover is nice to have in the
mix, but it’s not something we would rely on for all
of our fields. That’s our outlook on any cover crop:
You never know, with the weather and so on.

Study analyzes clover effect

by Laurie Drinkwater and Burtie van Zyl

Filling late summer windows with nitrogen-fixing
cover crops that can also keep the weeds down pres-
ents a unique challenge. Building on a strategy pio-
neered by Anne and Eric Nordell, we tested crimson
and berseem clovers planted with buckwheat. These
clovers both winterkill so they are ideal for fields
where crops will be planted in early spring. The
buckwheat was mowed at peak flowering in August,
early enough to avoid seed set, and the clover bio-
mass was sampled in October.

We planted cover crops on July 10, 2009, using a
six-foot, three-point no-till drill, manufactured by
Great Plains. There were four treatments, seeded at
the following rates:

e crimson clover monoculture: 15 pounds/acre

* mixture: crimson clover 7.5 pounds/acre; buck-
wheat 67 pounds/acre

* berseem clover monoculture: 13 pounds/acre
* mixture: berseem clover 6.5 pounds/acre; Buck-
wheat 67 pounds/acre

In our experiments, monocultures of crimson clover
fixed more nitrogen and were also better at sup-
pressing weeds compared to berseem clover. When
buckwheat was planted with crimson clover, weeds
were reduced by 50 percent (from 47 to 23 pounds/
acre); however, nitrogen fixation was also reduced.
Both nitrogen fixation and clover growth were sup-
pressed until the buckwheat was mowed -- reducing
shading by the dense stand of buckwheat. Once the
taller plants were mowed, crimson clover recovered
and produced lush growth of eight- to twelve inches
and fixed a fair amount of nitrogen (40 pounds
nitrogen/acre). We found similar results when sor-
ghum-sudan grass was planted with these clovers,
and mowed.
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