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Background
Cover crops play important roles at the

Green manuring is a traditional organic strategy

Cannon Horticulture Project. The most familiar

to “feed the soil,” thereby building its capacity to

are those demonstrated by our winter cover

grow healthy and productive crops. When

crops. Fall covers of grain rye, companion-

mowed, annual sorghums regrow vigorously and

planted with legumes like crimson clover, vetch

produce even more biomass. Annual sorghums

or winter peas, protect the soil from erosion,

are also very drought tolerant, which is highly

rescue leachable soil nutrients, and fix nitrogen

advantageous in our unpredictable climate.

for the vegetable crops to follow. Less obvious
but no less important are the contributions
made by summer cover crops, which we use
in some unconventional but valuable ways.

We make generous use of other summer
cover crops, too. We regularly grow purple hull

Cannon 4-year Organic Rotation

Feeding the Soil
The organic management plan for the
Cannon Horticulture Project is built upon a 4year rotation in which about one-half of the
land is planted to “green fallow” - that is, fullseason cover crops - each year. We commonly
use annual sorghum - specifically sudangrass or
sorghum-sudangrass - as our green fallow
summer cover crop. Annual sorghums produce
large amounts of biomass that can be plowed
back into the soil as green manure to build fertility.

Cannon Four-Year Organic Rotation
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peas in fairly large blocks within our plots.

Farmers and gardeners know that

Purple hull peas are a variety of southern pea or

bermudagrass thrives under mowing; it survives

“cowpea.” Southern peas are legumes and can

tillage, burning, high traffic, and drought. What

fix quite a bit of nitrogen. Purple hull peas have

it does not tolerate is shading. Bermudagrass is

a shorter growing season than annual sorghums,

readily smothered under the fast-growing, dense

but do not grow back reliably after mowing,

canopies of sudan and sorghum-sudangrass. In

unless very long stubble is left.

fact, most summer weeds compete poorly with

Like purple hull peas, buckwheat also has
a shorter growing season. It does not regrow after
mowing. We like to use buckwheat on plot areas
that will be tilled mid-summer in preparation
for fall vegetables. It decomposes easily when
mowed and tilled. When flowering, both buck-

these grasses. While our fields are not “weedfree” following a year of green fallow, we spend
very little time cultivating and hand-weeding,
and bermudagrass is absent. Our 4-year rotation
weeds as well as feeds the soil.
The use of smother crops at the Cannon

wheat and purple hull peas provide excellent

Horticulture site is predicated on earlier work at

habitat for beneficial insects.

the Kerr Center by Alan Ware and Simon Billy.

All of these cover crops have an ability to

In the 1990s, they evaluated a number of

compete with various weed species. However,
annual sorghums are especially remarkable as
“smother crops,” and are the key tool in our
strategy for managing bermudagrass.

Weeding the Soil
Organic gardeners in the South blanch
when they hear that we established our organic
demonstration plots in the middle of a bermudagrass pasture. Traditional wisdom argues that
bermudagrass can only be practically overcome
by spraying Roundup and waiting three years
for organic certification. The organic alternatives
are almost as draconian, involving dense layers
of mulch (usually synthetic), repeated digging,
and cursing. We've found green fallow with
annual sorghums to be an alternative.
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Sorghum-sudangrass prior to second mowing, August
2010

summer cover crops for their ability to suppress

late-summer weeds.

bermudagrass. Their observations are summa-

By late August, we like to begin preparing

rized in the ATTRA publication Tree Fruits:

the ground for a winter cover crop. In 2009,

Organic Production Overview [1].

however, fall rains prevented that. The sorghum-

For optimal weed suppression and biomass

sudangrass remained in the field. We lost the

production, we try to plant annual sorghums

benefits of a growing, nitrogen-fixing winter

between May 1 and June 15, after the winter

cover crop, but the dense mat left by the frost-

cover crop has been incorporated and decom-

killed sorghum prevented erosion.

posed. Because our plots are
small, we do not use a grain
drill. Instead we broadcast about
30-40 lbs. of seed per acre onto
freshly disked ground and
follow with shallow incorporation using a disk or rotavator. A
somewhat lighter seeding rate
can be used when drilling. So
far, this has worked well for us.
We mow the smother crop
just as seed heads begin to
emerge, taking care not to cut it
too short, especially in hot, dry
conditions. A rotary bushhog
mower, therefore, usually works
better than a sicklebar, since it is
easier to control cutting height.
Furthermore, rotary mowers cut
and break the stems more thoroughly, encouraging decomposition of the mowed material.
Unless conditions are exceptionally
dry, there will be several feet of
re-growth by late August building biomass and smothering

Traditional wisdom argues
that bermudagrass
can only be
practically overcome by
spraying Roundup and
waiting three years for
organic certification.
The organic alternatives
are almost as draconian,
involving dense layers
of mulch (usually
synthetic), repeated
digging, and cursing.
We've found green fallow
with annual sorghums
to be an alternative.

a

A few words of caution:
First of all, our 4-year rotation
suppresses bermudagrass, but
by no means does it eradicate
the weed or remove the threat.
Some viable seed will remain
in the soil, ensuring some
recovery from seedlings, and a
few roots and stolons occasionally survive. Furthermore,
lapses in biosecurity, such as
failing to thoroughly clean
cultivating equipment b e t w e e n
fields, can reintroduce propagules. The greatest threat of
bermudagrass re-establishment
at Cannon, however, comes
from the field edges, where
bermudagrass stolons can snake
out into the vegetable planting
seemingly overnight. Tilling
these may actually re-plant
bermudagrass even further into
the field, if you are not careful,
so we're experimenting with
planting weed-suppressive
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Perimeter planting of annual sorghum to deter Bermudagrass.

cover crop strips on the perimeters of the plot.

nutsedge and horse nettle. Both perennials are

This appears to be working well for now.

somewhat suppressed by the smother crop, but

We've learned that not all weeds are
suppressed by annual sorghums. It has not been
a problem yet, but the most threatening is johnsongrass. Johnsongrass is a perennial sorghum

not to the degree of bermudagrass or annual
weed species. A few more seasons and further
observations will tell us whether they will
become a serious problem on the Cannon plots.

that can out-compete its annual relatives while
being almost indistinguishable from them

Lessons from Pennsylvania

during the growing season. In the few instances
where johnsongrass tried to establish itself in
our plots, we've been able eliminate it through
cultivation and hand-weeding in those years
that the plots are in vegetable crops. If we were
less vigilant and allowed johnsongrass to
become well-established, however, it would be
far from easy to control.
Two other weeds that concern us are yellow
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The rotation and green fallow system we are
using is not unique. Anne and Eric Nordell of Trout
Run, Pennsylvania, have developed an exceptionally sustainable market farm operation utilizing the
same concepts. They have been farming in this
manner, commercially, since 1983. In so doing, they
challenge the major concern about this model: that
growers simply cannot afford to leave that much
land out of annual production.

The Nordells use the term bio-extensive to

and grouping crops into those planted early and

describe their system, which substitutes green

those planted late. These groupings are then

fallowed land for the time and labor otherwise

retained within the rotation plan as is shown in

spent cultivating or hand-weeding, and for that

Figure 1. Doing this ensures that crop competition,

spent on off-farm fertility inputs. We are begin-

and the character and timing of tillage, mowing,

ning to use that same descriptor — bio-extensive

and cultivation, are rotated on each field. The

— for the Cannon rotation. We've borrowed a few

constant changing of crop competition and field

other terms from the Nordells, also. The terms

operations leaves fewer reliable niches for

“green fallow” and “weed the soil,” which are

weeds to exploit, and less opportunity for prob-

used in this publication, have been shamelessly

lematic species to gain a toehold.

lifted from the Nordells’ writings. In so many
ways they have been an inspiration for what we
are trying to accomplish on the Cannon plots.
Anne and Eric have done an excellent job

Pursuing Organic “Low-till”
Organic farmers and researchers are

of documenting and reporting on their

exploring a novel use for cover crops that may

Pennsylvania system. A copy of the 6-page

allow a large reduction in annual tillage. It

article Weed the Soil, Not the Crop is available at

entails killing a standing cover crop and leaving

www.newenglandvfc.org/pdf_proceedings/

the residue in-place for weed-suppression - an

weedthesoil.pdf.

in situ mulch [2]. Kerr Center has supported
work in this area in the past. Doug Walton

Their DVD with the same title is available
for $15.00 by writing Anne & Eric Nordell, 3410
Rt. 184, Trout Run, PA 17771.
Additional information and photos of their

received an Oklahoma Producer Grant to study
killed cover crops on his market farm in
Muskogee. His well-written report is available
free on the Kerr Center website [3]. In it, Doug

farm can be found at www.neon.cornell .edu/

provides detailed descriptions of mechanical-

focalfarms/photogal/bchgrove.html and

and frost-killing of winter cover crops, and his

http://newfarm.rodaleinstitute.org/features/

process for seeding and transplanting into the

1204/nordell/index.shtml.

residue. We have adapted some of his methods
for our 2009 and 2010 spring tomato plantings,
and also the 2009 summer squash trial, with

A Further Strategy for Weeding
the Soil
Another strategy the Nordells use that we're
also adapting to Cannon involves segregating

good success.
There are two practical approaches to
mechanically killing cover crops - mowing and
rolling. Rolling uses stalk choppers or heavy

Rotations, Cover Crops & Green Fallow on the Cannon Horticulture Proj e ct: A 2010 Status Repo rt

5

cylinders with corrugations
to flatten and/or break the
stems of cover crops while
leaving them rooted in the
soil (see the Rodale
Institute website for details
[4]). On the Cannon plots,
we mow-kill our cover crops.
This is a more practical
approach with our equipment, which is suited for
small-scale market farming.
We rotary-mow cover crops
when we plan to till them in

George Kuepper, creating in situ mulch with sicklebar mower.

or allow them to re-grow. As
mentioned, rotary mowing breaks the stems,

low-till mulch. In 2011 we are planning to mow-

causing the residue to decompose faster. We use

kill summer cover crops in order to have a

the sicklebar mower, however, when we want to

low-till mulch for fall crops, such as pumpkins

leave a long-term mulch for low-till planting.

or winter squash. For that, we will need a cover

Sickle bars do less damage to stems and leaves,

crop that is still growing vigorously in late June

allowing the residue to persist longer. Also, sick-

and early July, just prior to mowing, so planting

lebars cut closer to the soil surface to ensure a

can be done on or after July 1st. This would also

better mechanical kill.

be true of other late planted crops like transplanted

Most of the low-till literature we have read
discourages using sicklebar mowers. The reason
often given is that sicklebars leave bands of

fall tomatoes or brassica crops like cabbage or
broccoli. To work well, our cover crop will need
to grow fast in early spring and summer, compete

open, uncovered ground. This is true and

well with weeds prior to mowing, and produce a

would clearly be a problem on a larger scale.

lot of biomass to suppress weeds once cut.

However, we can take the time for the additional
raking, gathering, and re-arranging of the residue
that allows us to take advantage of the longerlasting mulch afforded by sicklebar mowing.
For the tomato and summer squash trials,
we mowed our winter cover crops to create the
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To help us find a good low-till cover crop,
we planted several promising species in a 2010
assessment trial. Planting was done on May
13th; mowing using a sicklebar was done on
June 29th.

We tried three species of annual sorghums:
sorghum-sudangrass (var: Special Effort),
sudangrass (var: Piper), and Shallu/Egyptian
wheat (a heritage selection from Baker Creek
Heirloom Seeds). Piper sudangrass grew more
rapidly than the other two varieties, creating an
earlier weed-smothering canopy. However, both
sorghum sudangrass and Shallu wheat appeared
to produce more total biomass. Compared to
sudangrass, sorghum-sudangrass also appeared
to be a bit more drought tolerant. All three were
fairly effective at drawing beneficial insects when
in flower. Because of their readiness to regrow
after mowing, none of the annual sorghums would
be suitable as a low-till production cover crop.
Southern peas grow well in the mid-South,

Purple hull peas

weed competitors and producers of biomass,

support beneficial insect populations well, and

they proved less effective than either the Red or

past experience proved them modest-to-good

the Iron & Clay cowpeas. Iron & Clay was espe-

weed competitors. We grew three varieties:

cially competitive. It had not yet flowered at the

Pink-eye purple hull peas, Iron & Clay cowpeas,
and Red cowpeas. Purple hull pea seed is
readily available in our region and is popular as
a food staple in the area. We plant some every
year and are rather fond of them. However, as

time of mowing, suggesting it might be weed
suppressive much longer than either of the other
two selections. None of the three southern peas,
however, mow-killed effectively, and they would
probably work poorly in a low-till system.
Soybeans (var: Viking) proved a very good
smother crop. We mowed at the early pod-fill
stage. Soybean's seed competiveness and
biomass produced were similar to the cowpeas,
but it mow-killed more successfully, making it
a possibility for a low-till system.
Crotalaria - also called Sunnhemp - is a
legume that grows tall and fibrous, and is an

Crotalaria

excellent producer of biomass. It is very weed
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competitive and mow-killed completely well

Supplementing Mulch

before flowering. Since the seed is toxic to birds,
this is a definite benefit! A downside of crotalaria
is the high cost of seed, which is also hard to
find in many years.

As we've experimented with low-till
methods, we've found that the in situ mulch
(mowed and left in place), is often not dense
and long-lasting enough for season-long weed

Buckwheat is an excellent habitat crop for

suppression, especially on trellised, indeterminate

beneficial insects, grows rapidly, and is competitive

tomatoes that produce well into the fall. To

with many weeds. Buckwheat mow-killed

compensate, supplementary organic mulch is

easily with a modest amount of biomass. It is a

required.

possibility, but not the most promising, for a
low-till system.

We gather this additional mulch from the
neighboring green-fallow plots – mowing,

Sesame is very small-seeded and requires

drying, and collecting it as needed. This is not

some attention at planting to ensure that it

only economical, but adds to our weed biosecurity

emerges ahead of an early weed flush. Once

by not introducing unexpected and unwelcome

established, however, it grows tall and is an

weed seeds and other propagules. We learned

excellent weed competitor. Like buckwheat,

this lesson when some old hay from the Kerr

it provides good habitat for beneficial insects

Ranch was used to mulch the 2009 squash and

but was not yet blooming when we mowed it.

tomato trials. In 2010 we found johnsongrass

Sesame produced a large quantity of fibrous

and four new pigweed species in the plot. Not

biomass and was easily mow-killed. It is a

good! Fortunately, the green-fallow crop was

possible candidate for a low-till system.

purple hull peas, allowing us to recognize and

We also tried Japanese and pearl millets.
Japanese millet was disappointing. It produced
only a modest amount of biomass, drew few
beneficial insects, and showed weak, but
evident, regrowth after mowing. Pearl millet,
on the other hand, exceeded expectations. It
produced a lot of biomass, drew abundant
beneficials, and mow-killed easily. Of all the
cover crops we tried, pearl millet seems the
most promising for low-till production at our
site and we expect to use it in a future trial.

8

Kerr Center for Sustainable Agriculture

hand-remove the weeds before they became
well-established. It was the most hand-weeding
we did in 2010!

Beneficial Insect Habitat
We've made the occasional comment on
the attractiveness of several cover crops to
beneficial insects. This is not an incidental
benefit of our cover crops, but something we
purposely strive to integrate into our organic
system. Cover crops that draw and sustain
pollinators and predatory and parasitic species
are important to the entire agroecology of
the Cannon project.
Because our plot area is limited, one
challenge we'll be addressing is how to
increase the diversity of flowering cover
crops in green fallow plots and field borders,
and use less of the area needed for vegetables.

George Kuepper and beneficial insect habitat planting - L to R:
sunflower, sesame.

One strategy centers on using more flowering species on the field perimeters as a
barrier to encroaching bermudagrass. We
will try that in 2011.

Rotations, Cover Crops & Green Fallow on the Cannon Horticulture Proj e ct: A 2010 Status Repo rt
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Summary
The Cannon Horticulture Project is teaching us the importance of design and planning in organic
systems and the need to move beyond conventional thinking to solve challenges. Clearly, cover crops
and rotations are not merely tactical tools but strategic concepts and strategies that impact all aspects
of the production system. We will continue to pursue these and other systems-based methods and
models as our project work expands.
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