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Abstract
Organic farming has been historically dependent on conventional tillage operations to convert perennial pasture leys to
annual crop rotations, incorporate crop residues, compost and cover crops, as well as to mechanically kill existing
vegetation. Conventional tillage, however, has long been known to lead to soil degradation and erosion. A recently
developed no-till organic production system that uses a roller–crimper technology to mechanically kill cover crops was
evaluated in two states in the western United States. InWashington, pumpkins (Cucurbita spp.) grown in a no-till roller–
crimper (NT-RC) system produced yields 80% of conventional tillage, but with fewer weeds. However, in California
on-farm research trials in organic cotton (Gossypium barbadense L.), tomato (Lycopersicon esculentum Mill.), eggplant
(Solanum melongena L.) and cowpea (Vigna unguiculata (L.) Walp.), the no-till system produced virtual crop failure, or
yields less than 20% of the standard production method. The major problems associated with rolled cover crops in
California included reduced crop seedling emergence, planter impediment with excessive residue, lack of moisture and
delay in transplanting of vegetable crops due to continued growth of cover crops, in-season crop competition from cover
crop regrowth and impracticability of using cultivators. Further, excessive dry residue during summer in California can
present the risk of fire. In both California andOregon, considerable success has been demonstrated with zone tillage (strip
tillage) in conventionally produced field and vegetable crops. In a replicated Oregon trial, the organic strip tillage
treatment produced 85% of the broccoli (Brassica oleracea L.) yield compared to a conventional tillage treatment. Our
studies suggest that the zone tillage concept may offer opportunities to overcome many of the agronomic challenges
facing no-till.

Keywords: no-till, strip-till, zone tillage, conservation tillage, roller crimper, organic weed management, cover crops, Secale cereale L.,
Phacelia tanacetifolia Benth

Introduction

Conserving and enhancing soil quality has long been a
philosophical cornerstone of the worldwide organic agri-
culture movement. With the creation of the US National
Organic Program (NOP) in 2002, this philosophy became
part of the federal laws regulating organic farming.
Section 205.203 of the NOP1 requires that ‘The producer
must select and implement tillage and cultivation prac-
tices that maintain or improve the physical, chemical, and
biological condition of soil and minimize soil erosion’.
Similarly, the International Federation of Organic
AgricultureMovements standards2 also require minimum
tillage and other practices to prevent soil erosion and
degradation.

Organic farming has been historically dependent on
conventional tillage operations to convert perennial
pasture leys to annual crop rotations, incorporate crop
residues, compost and cover crops, as well as to mechan-
ically kill existing vegetation. Preparing a relatively
smooth, residue-free seedbed is essential for precision
mechanical weed control inmany organically grown crops.
Conventional tillage, however, leaves the soil exposed to
wind and water erosion, and has been shown to reduce soil
aggregate size and accelerate the oxidation of soil organic
matter3,4. The multiple passes over a field with conven-
tional tillage are labor and energy intensive5, contribute to
soil compaction and generate airborne particulate matter6.
Direct seeding of a crop into herbicide-killed crop

residue, also known as no-till, has been documented in
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conventional agricultural systems to dramatically reduce
soil erosion, and improve several key components of soil
quality, as well as reduce machinery, labor and fuel
costs7,8. In a 28-year comparison of no-till and conven-
tional tillage in Ohio, for example, no-till systems had
higher levels of organic carbon, aggregate diameter and
water-holding capacity than conventional tillage sys-
tems9. In numerous studies, no-till systems have produced
comparable or improved yields to conventional tillage,
although yield response frequently depends on the crop
and climatic region10–12.
Some authors have suggested that because of the inten-

sive tillage requirements of organic systems, conventional
no-till agriculture may provide superior economic, agro-
nomic and environmental benefits compared with organic
farming13. There has been, however, widespread interest in
no-till and reduced tillage systems among organic farmers
and researchers, as demonstrated by numerous workshops
and conferences in the United States and Europe in recent
years. Much of the focus in the United States has been on
an organic no-till planting system that uses a ‘roller–
crimper’ to suppress a cover crop14–16. Although cereal rye
(Secale cereale L.) is commonly used as a cover crop,
various cover crop species and mixtures have been used in
this system.A traditional no-till planter is used to plant the
crop through the ‘rolled down’ cover crop mulch. The
mulch serves to suppressweeds and conserve soilmoisture.
In this paper, we will refer to this system as the no-till
roller–crimper (NT-RC) system.
Although this approach has shown potential for

organic soybean (Glycine max L.) production in the
mid-Atlantic region17, and to some extent for no-till
soybean production in theMidwestern US18, it has shown
limited success for field corn19. In this paper, we present
preliminary evaluation of the NT-RC system in
Washington and California, and discuss fundamental
agronomic constraints and risks facing no-till organic
farming. We also present work in Oregon on zone tillage
systems for organic vegetable crops.

2009 Washington On-farm No-till Pumpkin
Research

An on-farm experiment was conducted near Woodinville,
WA to compare two tillage treatments: (1) standard tillage
with a rototiller and (2) rolling/crimping the cover crop20.
All plots were tilled and planted to cereal rye in September
2008, and the tillage treatments were implemented when
approximately 75% of the cover crop was at full flower.
Cover crop was incorporated into the rototilled plots on
May 31, 2009 and no-till plots were rolled/crimped on
June 2, 2009. The cover crop regrew in the rolled/crimped
plots within 2 weeks, so these plots were rolled/crimped
again on June 16, 2009. Tilled plots were rototilled again
prior to transplanting pumpkins on June 27, 2009.
Pumpkin yields in the no-till plots (7.2Mgha−1) were

20% less than the rototilled plots (9.8Mgha−1); however,
yields were not statistically different at a 0.05 level of
significance20.
In the Washington trial, soil quality parameters

measured in mid-August indicated that the tilled plots
had significantly lower bulk density (i.e., ‘lighter’ soil) and
more rapid infiltration than in the no-till plots. According
to the authors, ‘these short-term improvements in soil
quality from rototilling may have resulted in more im-
mediate vigorous pumpkin growth (observed visually)
and yield, although this was not significantly different
between treatments.’ The authors point out that improve-
ment in soil quality through tillage reduction and un-
incorporated cover crop residue occur over the longer
term, and are rarely measured within one growing season.

Organic No-till Experiences in California

Several experimental trials and farm demonstration
evaluations of the NT-RC system have been conducted
at various sites in California’s Central Valley during the
past 5 years. These studies have evaluated cover crop ter-
mination using a 5m-wide roller–crimper for production
of Pima cotton, tomato, eggplant and cowpea. This work
was initiated in 2006 at four sites: Five Points, Madera,
Capay and Parlier, CA.

Cotton

At Five Points, an experiment was established to compare
conventional tillage with NT-RC systems for convention-
al cotton production. Treatments included: (1) conven-
tional tillage (beds prepared in winter, trifluralin applied
pre-emergence in fall, spring cultivation, and re-shaping
and preparation of beds); (2) stale seedbed (beds prepared
in winter, spring burndown with paraquat with no further
cultivation or bed shaping); (3) NT-RC system using
cereal cover crop mixture of cereal rye (cv. Merced) and
triticale (x Triticosecale) cv.Trios 102; and (4) NT-RC
system using a legume cover crop mixture of Balansa
clover (TrifoliummichelaniumL.), Persian clover (Trifolium
resupinatum L.) and Austrian winter pea (Pisum sativum
spp. arvense L.). No herbicides were used in the NT-RC
treatments 3 and 4. The experimental design was a
randomized complete block with four replications. Each
treatment plot was 5m wide and 100m long. Cover crop
mixtures of cereals or legumes were planted in October
2005 and rolled/crimped at an appropriate maturity
stage21 on April 24, 2006 using the front-mounted roller–
crimper. Pima cotton was planted directly behind the
roller–crimper with a John Deere 1730 no-till seeder in
the same operation. The same planter was used to plant
the conventional tillage and the stale seedbed plots.
Results. Although the roller–crimper appeared to kill

the cover crop, the crop seedlings took nearly 3 weeks to
emerge following the rolling operation due perhaps to
cooler temperatures under the cover crop mulch, and
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continued growth of the cover crop during this time
resulted in the soil surface becoming quite dry. This likely
reduced the cotton crop germination and emergence. The
cover crop plots were then flood irrigated to enhance crop
emergence but the stand count was still 90% less than that
in the conventionally planted or the stale seedbed cotton
plots. Aboveground biomass samples taken on May 31
showed that the cotton dry mass in the conventional and
stale seedbed plots was 30 times more than that in either of
the cover crop treatments. There was no significant
(P<0.05) difference in cotton stands or biomass between
the cereal and legume cover crop treatments (data not
shown). While these plants eventually grew, they did not
mature early enough to be harvested. Thus, there was
no marketable yield from the rolled/crimped cover
crop plots at this site. Weed density samples taken on
May 31 showed that the cover crops had similar weed
densities as the conventional plots, ranging from 2 to
3plantsm−2. The stale seedbeds, however, had greater
(P<0.05) weed densities (13–16plantsm−2) than the
cover crop or the conventional plots. The cover crop
plots demonstrated that these treatments could provide as
much weed suppression without herbicides as the con-
ventionally tilled plots with herbicides. However, accep-
table crop stand establishment was not achieved.
Therefore, if such a cover crop system were to be adapted
for cotton in California, earlier and complete termination
of the cover crops is needed, or perhaps zone tillage may
be more appropriate than no-till and necessary measures
have to be taken to prevent continued cover crop
regrowth.

Eggplant

At the Madera organic farm site (36.96°N 120.07°W),
similar mixes of cover crops were rolled with the roller–
crimper before hand transplanting eggplant, and this
system compared with the organic farmer’s traditional
system of plasticulture eggplant production. As in the Five
Points experiment, the cover crop was easily rolled down;
however, it took 3 weeks for the cover crops to eventually
die. This resulted in a 4-week delay in transplanting the
eggplant in the cover crop plots compared to the
traditional plastic culture system. The rolled cover crop
plots yielded about 20% of the eggplant production of the
plastic system.

Tomatoes

At another organic farm site near Capay (38.71°N
122.05°W) the same cover crop mixes were compared
with a farmer’s customary hairy vetch (Vicia villosa
Roth.) cover crop within a tomato transplant system.
Data were collected for cover crop growth and percent
cover crop kill following rolling. Similar observations
were made at this site as at each of the two other sites.
It took about 3 weeks more for the rolled cover crops
to fully die compared to the farmer’s customary system.

This in turn delayed the transplanting and eventually the
study was abandoned due to a poor crop stand.

Cowpeas

In 2007–2008, a study was conducted in cowpea at Parlier
(36.6°N 119.53°W). Treatments included conventional
tillage with or without herbicide and no-till rolled cover
crops with or without herbicide. The experimental design
was a split-plot, with tillage as the main plot and presence
or absence of herbicide as the sub plot. The treatments
were replicated four times; each main plot was 61m long
and 18.3m wide. The plots were split into 30×18.3m
subplots. A cover crop mixture of oats (Avena sativa L.),
wheat (Triticum aestivum L.) and barley (Hordeum
vulgare L.) was planted in October 2007 and irrigated as
needed. On April 15, 2008 when the cover crop mixture
had reached an optimal level of maturity, it was rolled
using the roller–crimper. Beds 75-cm wide were then
prepared as is customarily done in the conventional tillage
plots. Beds were not made in the cover crop plots. OnMay
29, cowpea seeds were planted in the conventional tillage
beds using a John Deere Flex planter. In the no-till plots,
cowpea was drill-seeded into the rolled cover crop plots
using a Sunflower 1540 no-till drill at 18-cm row spacing.
Seeding rate was 67kgha−1. Crop seedling emergence was
poor in the no-till plots because of ‘hair pinning’ of the
cover crop, which is the pressing of cover crop residue into
the slot created by the disk openers on the no-till planter.
This produces poor seed-to-soil contact for the crop seeds.
The cowpeas were re-planted using a John Deere 1530
no-till seeder on June 10. During this no-till seeding
operation, hair pinning occurred again and the planter’s
residue managers were used to push away the cover crop
from the seed row in front of the planter disk. Better
cowpea stand was achieved when the residuemanager was
used. Bentazon herbicide was applied at the first trifoliate
stage of the crop at 1.6 literha−1 and incorporated with
sprinklers immediately after application. Cowpea and
weed dry biomass were determined on July 21. Plants were
cut on September 24 and harvested on October 16.
Results. The conventional tillage treatments with

herbicide had almost no weeds, whereas weed biomass
in the plots without herbicides ranged from 12 to 20gm−2.
Weed biomass in the no-till plots with or without
herbicides was significantly (P<0.05) greater than in the
conventional tillage plots, ranging from 55 to 96gm−2 in
the plots with herbicide and 154 to 331gm−2 in the plots
without herbicides. More than 90% of this weed biomass
represented continued growth or regrowth of the cover
crop. Cowpea dry biomass in the conventional tillage
plots with or without herbicides was about 2.5 times
greater than that over the rolled cover crop mulch.
Cowpea yields were approximately 40% lower in the cover
crop plots than in the conventional tillage plots (data
not shown). Therefore, the cover crop not only impeded
and delayed crop emergence but also served as a weed,
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resulting in cowpea yield loss. In summer, in a dry
environment like California, excessive dry residues on the
surface can also pose fire hazards, especially in organic
production systems that rely on flame weed control.

The No-till Roller-crimper System:
Constraints

From our experiences with the NT-RC system in the
western United States, as well as in following the
development of this system in other areas of the country,
we believe this system has major agronomic constraints
that limit its adoption by organic farmers. Understanding
these constraints is critical for improving the performance
of this system, or in knowing when to select other tillage
systems when they are better suited.
The NT-RC approach is predicated on several com-

ponents, including: (1) producing a ‘high biomass’ cover
crop; (2) adequately killing the cover crop (and other
weeds) with the roller–crimper prior to planting;
(3) achieving a satisfactory cash crop stand by no-till
drilling into the rolled cover crop residue; (4) providing
adequate mineral nutrition to the cash crop; and (5)
managing weeds and other pests in the cash crop.

Producing high cover crop biomass

Most of thework on theNT-RC approach has stressed the
need for ‘high biomass’ of the cover crop before rolling to
provide a sufficient level of mulch on the soil surface to
control weeds. McLenaghen et al.22 reported that weed
suppression by cover crops was directly proportional to
the amount of cover crop growth. Smith et al.17 suggested
that at least 9000kgha−1 of dry matter biomass is
required for adequate weed control. In a factorial
experiment examining the impact of N fertilizer rate
(from poultry manure) and the seeding rate of the rye
cover crop on cover crop biomass and weed suppression,
Ryan et al.23 found increasing rates of N increased rye
biomass, but did not reduce weed biomass. Increasing
seeding rates of rye did not increase rye biomass, but did
reduce weed biomass. These authors suggest that the early
spring ground cover obtained with the higher seeding rates
was key in reducing weed levels.
Establishing a solid cover crop stand in the fall is

necessary to smother winter annual weeds, as well as
to have uniform ground cover in the spring for the roll
down operation. Since the rolled-down, dead cover crop
biomass is expected to provide weed control across the soil
surface, any openings in the cover crop stand can allow
weed growth. Also in regions where the cash crop is
typically harvested late in the season, soils are frequently
too wet for fall tillage. Cover crops are planted late or not
at all. Usually late-planted cover crops do not produce
adequate spring biomass for weed suppression in the
NT-RC system24.

Killing the cover crop with the roller–crimper

Effectiveness of the roller–crimper to kill the cereal rye
cover crop is dependent on the stage of maturity of the rye.
Rye must be at least at Zadoks growth stage 61 (anthesis)
to obtain ‘effective control’ of at least 85% kill with the
roller24. If the rye is rolled at earlier maturity stages, the
rate of suppression falls quickly. This translates to rolling
the cover crop fairly late in the growing season—late
May or early June for Pennsylvania and other northern
locations19. These late planting dates will necessarily
result in lower crop yields than longer season varieties
planted earlier. For farmers trying to produce crops for
the fresh market, delays in planting are even more costly
from loss of market share.
In work at Pennsylvania State University, Mirsky

et al.24 examined the effect of fall planting date of a
cereal rye cover crop on the effectiveness of the roller–
crimper to kill the rye in the following spring. Rye planted
on August 25 was 79% killed by the roller–crimper;
however, only 73% of the rye was killed in the spring
following a September 15 planting, with rye suppression
dropping to 63% following the fall planting date of
October 5.
Although the roller–crimper usually achieves a uniform

‘laying down’ of the rye cover crop in the field, the cover
crop usually does not die until several weeks after rolling.
In California’s production environments, for example,
irrigation is typically needed to establish most cash crops.
The timing and application method of this irrigation need
to be refined in order to accommodate the cover crop
rolling operations so as to allow the cover crop to quickly
die and the subsequent crop to successfully emerge and
establish.

Achieving a satisfactory crop stand

The no-till seeding of a cowpea crop into the rolled cover
crop in California was not successful due to hair pinning
of the rolled residue. Using a no-till planter with residue
managers achieved some improvement in crop stands, but
the movement of residues out of the drilled row also
increased weed germination. Although ryewas not used in
this study in California, it has well-known allelopathic
chemicals that can also suppress germination and growth
of crops as well as weeds25–28.

Providing adequate crop nutrition

Most organic fertilizer materials (composted manures and
animal by-products) tend to be in solid form, and soil
incorporation is typically used to increase N mineraliz-
ation and crop uptake. Soil incorporation also reduces N
loss to the atmosphere through ammonia volatilization.
Soil incorporation of amendments is impossible in the
NT-RC system, however, unless they are applied in the
fall preceding cover crop seeding.

24 J.M. Luna et al.
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Although the NT-RC approach has promise for
organic soybean production, success has been limited for
corn (Zea mays L.) and other crops requiring relatively
high levels of N input for maximum yield. This is likely
explained by the immobilization of N by the cereal rye
cover crop that will have a very high carbon to nitrogen
(C:N) ratio in the tissue when it is flowering. In a North
Carolina study29, soil N was immobilized for 6 weeks
following a rolled and crimped rye cover crop. These
authors suggested that the ‘induced low nitrogen environ-
ment’ was also a key factor in the weed reduction under
the rolled rye. Angustia30 also showed that high C:N ratio
cover crops suppressed weeds when tilled into the soil, but
that this weed-suppressive effect was eliminated with
application of N fertilizer.
A major constraint of the NT-RC system with a rye

cover crop is the inability to include a legume cover crop
into the mixture to supply biologically fixed N. Numerous
authors have documented N contributions to the follow-
ing cash crops following legume cover crop mixtures and
ecological synergism that occurs in a cereal–legume
mixture31,32. The cereal scavenges soluble nitrate from
soil that would otherwise be lost through leaching from
the soil, and serves as a physical trellis to hold up the
legume as it grows. The legumes also provide a significant
amount of N to the rye during the growing season.
The problem of including legumes with the rye in the

NT-RC system is the differing crop phenologies, par-
ticularly the timing of the stage of growth necessary for
killing the legumes using the roller–crimper. In work in
Pennsylvania,Mischler et al.33 examined the impact of the
timing of roller crimping on regrowth of hairy vetch.
Vetch needed to reach the early pod-set stage to achieve
a complete kill, but in Pennsylvania this did not occur
until the second or third week of June. According to the
authors, this is approximately 4–6 weeks after rec-
ommended corn planting dates, and this delay is likely
to limit corn yield potential due to a reduced length of
growing season and smaller accumulation of heat units for
the corn.
The delay of planting date for the NT-RC system

eliminates many of the crops planted in California and the
Pacific Northwest.With California’s relative mild winters,
growers are able to start cropping relatively early in the
season (i.e., March–April) and waiting for a rye or rye/
vetch cover crop to reach a stage where it can be killed by
the roller–crimper means 4–6 weeks of lost crop growth
and economic return. In the cool, wet Pacific Northwest
(west of the Cascade Mountains), similar problems occur.
Most annual vegetable cropsmust be plantedmuch earlier
than the NT-RC system allows if the cover crop is going
to be killed with the roller.
The use of cover crops in annual cropping systems in

California’s Central Valley is not currently widespread
due largely to concerns about additional costs associated
with cover crop management and limitations of available
water needed for successful cover crop establishment

and production. Studies in Five Points, California in
western Fresno County, however, have shown that when
no irrigation water is used to establish cover crops,
biomass production depends closely on the amount
of winter rainfall that occurs from October to March.
Thus, farmers who have integrated cover crops into their
annual cropping systems in this region for crops such as
tomatoes, now tend to expend 10–15cm of fall irrigation
water to establish the crops prior to the onset of winter
rains34.

Controlling weeds and other pests

Ironically one of the primary reasons for developing the
NT-RC system was to use the rolled downmulch for weed
control, however, one of the largest challenges to the NT-
RC system is weed management. The rolled down mulch
must be of sufficient biomass and uniformly distributed
across the soil surface to achieve optimum weed suppres-
sion. Frequently the mulch will not suppress all of the
weeds, and there are weed escapes. For example, Curren
et al.19 considered 85% weed suppression in the NT-RC
system as ‘acceptable.’ Also the no-till planter opens up a
small slot where weeds can emerge within the crop row. In
the NT-RC system, however, there are no opportunities
for mechanical weed control to provide ‘rescue’ control
for these weed escapes. For example, field bindweed
(Convolvulus arvensis L.) is a common weed in many
annual crops in California, including tomatoes, beans and
cotton. In many cases, cultivation is the most effective
method of control of this prostrate, vining species. Hand
hoeing through the cover crop residue is difficult, and
hand weed pulling is frequently required.

In the Pacific Northwest, cover crops can provide an
excellent habitat for slugs35 and rodents such as the
meadow vole (Microtus sp.). Both slugs and voles are
major economic pests of a broad array of crops, and few
effective control practices are available for organic
growers. This can be a severe limitation to adoption of
conservation tillage systems that leave more than 30%
crop residue on the soil surface, including both the
NT-RC system and the zone tillage systems that will be
described. In California, there are no reports of vertebrate
pest populations in rolled down cover. However, studies
have shown vertebrate pests such as gophers (Thomomys
sp.) were more abundant in orchards and vineyards that
had cover crops36,37.

Zone Tillage: A ‘Hybrid’ Tillage System

Zone tillage (also known as strip tillage) is a form of
conservation tillage that clears a narrow zone of soil,
loosening subsoil layers and preparing a seedbed, while
areas between the tilled strips receive shallow or no
tillage38,39 (Fig. 1). Zone tillage has been used extensively
in the Midwestern United States to overcome many of the
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yield-reducing impacts of no-till in conventional farming
systems40. We consider zone tillage to be a hybrid tillage
system, integrating aspects of conventional tillage and
no-till.
In zone tillage, there are two distinct zones of tillage

activity: (1) the crop zone, typically 20–30cm wide, where
tillage, fertilizer and weed management are intensified;
and (2) the between-row zone that is managed less
intensively, and with different objectives. In conventional
tillage systems, the entire surface of a field receives
multiple passes of various kinds of tillage equipment
to prepare a uniform soil surface for planting and sub-
sequent cultivation operations. In strip tillage systems,
however, with a typical 75- to 90-cm row spacing, tillage
occurs on only 35–40% of the soil surface. Crop residue is
mixed with the soil in the tilled strip, accelerating a
beneficial release of N through microbial mineralization
of organic matter. The area between the tilled zones
(between row) is managed independently, depending on
the nature of the crop or cover crop residue. Surface
residues remaining between rows are critical to reduce soil
erosion.
Zone tillage decreases both the area and volume of soil

that is disturbed on each tillage operation, reducing the
amount of dust that is typically generated in intercrop
tillage41. Fuel, labor and equipment costs are also reduced
when compared to conventional tillage42,43. Soil compac-
tion from tractor wheel traffic is confined in zone tillage,
dramatically reducing compaction in the crop growth
zone.

Oregon and California Experiences with
Conventional Strip Tillage

In a replicated 4-year study in the Oregon Willamette
Valley, 20 on-farm trials were conducted comparing
strip-tillage systems with conventional tillage systems
for sweet corn production. In the first 2 years of the trials
a 4.5m Northwest Tillers® rototiller, modified to till
6 rows 20cm wide was used. In the later 2 years of the
trials, a strip-till machine using a shallow shank and
rolling coulters was used. Across an array of soils and
crop residue situations, sweet corn yields from strip-
tillage and conventional tillage systems were identical in
each year of the 4-year trial. However, machinery and
labor costs were reduced by nearly 50% by strip-tillage38.
In California, a range of economic and natural resource

conservation benefits have attracted dairy farmers, in
particular, to strip tillage. This system uses fewer intercrop
tillage passes or operations than traditional tillage systems
thereby reducing ‘land preparation’ costs. In a 2002 farm
evaluation of strip-tillage forage-corn production near
Modesto, CA, the land preparation costs were about 54%
lower than the costs of traditional preplant soil prep-
aration39. The requirements for farm labor and the time
required for tillage between crops was also lower and time
between successive forage crops was reduced. This
allowed more opportunities for ‘triple-cropping’, the
sequential production of three crops within a given cal-
endar year. However, these were not organic production
systems.

Figure 1. Zone tillage involves separate tillage, weed control and fertilizer operations for the crop zone and the between-row zones.
The shank/coulter strip tillage machine shown here tills strips approximately 25cm wide and 30cm deep.

26 J.M. Luna et al.
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Organic Strip Tillage Broccoli Production

To evaluate strip tillage for organic production systems,
a randomized block experiment was established in 1998
at the Oregon State University (OSU) Vegetable Research
Farm near Corvallis44. A conventional tillage treatment
(using a Tortella® reciprocating spader and a Lely®

roterra to prepare the seedbed) was compared with a
strip–till system using a Northwest Farm Tillers® 3.7-m
rototiller modified to till four 15cm-wide strips approxi-
mately 15cm deep on 75-cm row centers. Cereal/vetch
cover crops, planted the previous October, were sup-
pressed using a flail mower prior to imposing tillage
treatments. Granular fish fertilizer was manually applied
in 15-cm band over each crop row and incorporated using
the strip tiller prior to planting in both tillage treatments.
Broccoli (cv.= ‘Arcadia’) was transplanted onMay 28 and
irrigated as necessary through the season. Twoweedman-
agement treatments for the between row areas in the strip
tillage treatments were evaluated in a split-plot design.
These included: (1) ‘cultivated’ with a Buffalo® high
residue V-sweep cultivator (Fleischer Manufacturing,
Columbus, NE); and (2) mowed with a walk-behind
trimmer mower (DR Power Equipment, Vergennes, VT).
Mowing was conducted on June 14 and June 27. The
reduced tillage and the strip till plots were cultivated with
the Buffalo cultivator on June 27. Weeds within the rows
were controlled by hand hoeing on July 1 and 7.
Broccoli yield estimates were made by cutting, grading

and weighing heads on August 10 and 16. Weed abun-
dance was estimated on June 23 (25 days after transplant-
ing broccoli and before the between-row cultivation in the
strip-till, cultivated plots).

Results

The conventional tillage treatment produced significantly
higher broccoli yield (11,500kgha−1) than both the strip-
till cultivated (9810 kgha−1 and the strip-till mowed
(9320 kgha−1) (P<0.05). Densities of purslane (Portulaca
oleracea L), hairy nightshade (Solanum sarrachoides
Sendtner) and Persian speedwell (Veronica persica Poir)
were all greater in the between-row areas of the con-
ventional tillage plots than in between-row areas of the
strip-till plots (P<0.05)44.

Discussion and Conclusions

Although the NT-RC system has shown potential for
production of organic soybeans in the mid-Atlantic region
of the USA, and for some late-planted crops in other
regions, we believe there are major agronomic constraints
that ultimately limit the application of this system in
organic agriculture. There are significant risks of crop fail-
ure or economically significant yield loss associated with
the NT-RC system because of these problems. Future

research should address these constraints to improve the
productivity and reliability of this system.
We suggest that the zone tillage concept offers op-

portunities to overcome many of the agronomic chal-
lenges faced with the NT-RC, as well as to reduce the risk
of crop loss.We do not present any ‘off the shelf, ready-to-
go’ zone tillage systems for organic agriculture. Numerous
technical and agronomic challenges must be met before
zone systems become operational. There are, however,
obvious advantages to zone tillage compared to the no-till
approach that may allow a broader adoption by organic
farmers in multiple scales of production.
A variety of tillage implements can be used in the tilled

‘crop’ zone to achieve specific tillage objectives, including
breaking of soil compaction layers, killing and incorpor-
ating existing vegetation into the soil, and preparing a
fine seedbed for precision planting. For example, ‘second-
pass’ zone tillage equipment can be used to perform
minimum-tillage finishing operations in the tilled zone45

(Fig. 2). Organic fertilizers can be band-applied and
mechanically incorporated into the strip, and later side-
banded based on crop needs. Precision flaming46 (Fig. 3),
stale seedbed techniques, and precision mechanical cultiv-
ation technologies can be used to manage weed popu-
lations in the crop zone47. Weeds and cover crop regrowth
in the between-row zone can be managed by a combi-
nation of mowing, cultivating or other shallow tillage,
depending on the crop and soil situation.
Clearly, there are challenges to the adoption of zone

tillage systems by organic farmers. The need for new,
specialized equipment is a formidable barrier, both in
terms of availability and cost. A list of specialized equip-
ment might include: (1) a primary strip tillage machine,
such as the shank/coulter strip tiller described earlier; (2) a
‘second-pass’ finishing machine, often needed to prepare
a seedbed suitable for planting; (3) a strip fertilizer and
compost application machine, needed for zone fertiliza-
tion; (4) strip flamers and thermal weed control technol-
ogies; (5) precision in-row cultivation equipment; and
(6) strip-mowers, high-residue cultivators and under-
cutters to manage weeds and cover crop regrowth in the
between-row areas. This can represent a significant
investment in specialized equipment, and some of this
equipment is not yet available commercially.
Additional research is needed on novel cover crops and

cover crop mixtures to facilitate organic conservation till-
age systems. For example, Phacelia tanacetifolia Benth.,
an annual native of the southwestern USA, has shown
promise as a substitute for the cereal crops when grown
with common vetch in Oregon (Luna, unpublished data).
Phacelia is much easier to kill mechanically, and the
residue and roots are easy to incorporate into the tilled
zone. Phacelia is not adapted to cold winter temperatures,
however, which limits its range of utility.
Curren et al.19 emphasized that continuous no-tillage

was not going to be possible in organic systems. Nor
is zone tillage suggested here as a continuous system.
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Rather, no-till and zone tillage are conservation tillage
options that could be used at specific points in the crop
rotation cycle. As Peigné et al.47 emphasized, the success
of conservation tillage systems for organic farming
depends on the choice of crop rotation to enhance pest
and nutrient management.
Minimum or reduced tillage practices will continue

to be needed in organic farming systems for a wide array

of agronomic and economic reasons48. Research is needed
to develop a more prescriptive approach to minimum
tillage, which would integrate various tillage tools to ad-
dress specific crop production and environmental goals.
By focusing on the specific goals of each separate tillage
operation (i.e., breaking up soil compaction, killing
existing vegetation), a suite of equipment can be used to
minimize detrimental impacts as well as tillage costs.

Figure 3. A strip flamer, developed by Charles Merfield and modified by Edward Peachey at Oregon State University, can be used
in organic zone tillage systems to reduce weeds in the crop row.

Figure 2. A second-pass strip tillage machine was developed by Hendricks Farms (Stayton, OR) and modified by Pearmine
Farmers (Gervais, OR). Multiple gangs of parallel disks and a sprocket roller break up soil clods to prepare a seed bed within the
tilled crop zones.

28 J.M. Luna et al.
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There will be inexorable trade-offs between agronomic
and economic imperatives, and the desires to conserve and
improve soil quality. Such is the ongoing dialectic of
developing sustainable agricultural systems. Conservation
tillage for organic agriculture will require a more inte-
grated, holistic approach to optimizing cover cropping
and tillage systems for the specific crops, soils and climatic
regions of the world.
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