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Summary. Conservation tillage is an
effective sustainable production system
for vegetables. No-till planters and
transplanters and strip-till cultivation
equipment are presently available for
most vegetables. Lack of weed man-
agement tools (herbicides, cultivators,
etc.) continues to be the cultural prac-
tice that limits adaptability of some
vegetables to conservation tillage sys-
tems. Nitrogen management can be
critical when grass winter cover crops
are used as a surface residue. Advan-
tages of using conservation tillage in-
clude soil and water conservation, im-
proved soil chemical properties, reduc-
tion in irrigation requirements, reduced
labor requirements, and greater nutri-
ent recycling. However, disadvantages
may include lower soil temperatures,
which can affect maturity date; higher
chemical input (desiccants and post-
emergence herbicides); potential pest
carryover in residues; and enhancement
of some diseases.
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Vegetable acreage in the United
States constitutes a relatively
small percentage of farmland

compared with agronomic crops such
as corn, soybeans, and small grains.
Although acreage planted to vegetables
is small, production is intensive, with
most growers using conventional cul-
tivation practices. Recent advances in
farm equipment and herbicides have
afforded producers of vegetables the
opportunity to grow their crops under
some form of conservation tillage
(Coolman and Hoyt, 1993). Conser-
vation tillage technology developed
for agronomic crops is usually not
directly applicable to vegetable pro-
duction and must be modified. Such
modifications require a strong man-
agement commitment and current
knowledge of pesticides.

Benefits of conservation tillage
practices have been discussed in previ-
ous publications dealing with agro-
nomic crops (Blevins et al., 1977;
Doran, 1987; Gallaher and Ferrer,
1987). A few of these apply to inten-
sive culture of vegetable crops, includ-
ing a decrease in time required to
prepare fields for planting, a reduction
in irrigation water required due to
increased infiltration of rain and irriga-
tion (Morse and Tessore, 1984), and
an increase in organic residues from
cover crops grown for soil improve-
ment (Hoyt, 1992).

Undesirable consequences of con-
servation tillage for vegetables include
lower soil temperatures in spring re-
sulting from mulching and shading
effects of cover crop residues (Hoyt
and Konsler, 1988) and potential over-
wintering of pests in surface residues
from previous crops. Reduced soil tem-
peratures may slow the growth of some
vegetable crops, possibly resulting in
delayed maturity, thereby missing po-
tentially lucrative early market prices.
Reduced soil temperatures may not
affect adversely cool-season vegetables
such as cole crops, potatoes, and leafy
greens, but may reduce early growth
of warm-season crops such as toma-
toes, sweet corn, snap beans, and squash
planted in early spring (Bellinder et al.,
1987; McKeown et al., 1988; Petersen
et al., 1986). Growth of tomatoes and
other vegetables during the late spring
and summer have not been affected by
the changes in soil temperatures pro-
duced by residues in conservation till-
age systems (Drost and Price, 1991b;
Morse and Seward, 1986; Morse et al.,
1982; Shelby et al., 1988; Wilhoit et
al., 1990).

Problems with pests can be mini-
mized by fall tillage of crop debris and
then seeding the field with a grass or
legume cover crop (Phatak et al., 1991).
This will reduce pest carryover and
provide sufficient residue for soil ero-
sion control.

Equipment
Vegetable production using con-

servation tillage techniques requires
seeding and transplanting equipment
appropriate for planting in an undis-
turbed cover crop (no-till) or in a tilled
strip in the cover crop (strip-tillage).
Different soil preparation equipment
is required for strip-tillage than is used
for conventional tillage.

Large-seeded vegetable crops such
as sweet corn, snap beans, and squash
may be planted in the undisturbed
cover crop using no-till field corn or
soybean planters (Knavel et al., 1985;
Mascianica et al., 1986; Mullins et al.,
1988). No-till planters should be fit-
ted with a coulter (to cut through
residue) and double disk openers to
ensure proper placement and coverage
of seed. No-till planters with seed plates
can be used for some vegetables by
carefully matching plates to seed size.
Plateless no-till planters can accom-
modate a wider range of vegetable
crops. Conservation tillage planters for
small-seeded vegetables such as cole
crops, carrots, onions, or radishes are
129
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Strip-tillage equipment cultivation a narrow band of soil in killed hairy vetch residue before
tomato transplanting.
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being developed (Morse et al., 1987).
Use of gel seeding for better seed
placement and improved emergence
and survival has been investigated
(Drost and Price, 1991a, Pill, 1991).

Seedbeds prepared through strip-
tillage can be planted with equipment
used with conventional tillage. Equip-
ment used for transplanting tomatoes,
peppers, and cole crops by conven-
tional methods are suitable for plant-
ing these same crops in strip-tillage
culture. In addition, conventional
transplanters have been modified to
plant bare-root or containerized trans-
plants in undisturbed soil (Morrison et
al., 1973a, 1973b; Morse and Seward,
1986; Wood and Worsham, 1986). A
130

No-till planting equipment can be used for large-
shank and a cutting coulter in front of
the transplanter opens a slit in the soil
for the transplant. A heavier-than-nor-
mal pack wheel presses the soil around
the roots.

Special equipment has been de-
signed to prepare a seedbed for strip-
tillage culture of direct-seeded or trans-
planted vegetables. A rotary power-
driven tiller, with all but the two middle
tines removed, will produce a well-
prepared seedbed 8 to 12 inches wide
to the depth of the tines (Loy et al.,
1987; McKeown et al., 1988; Petersen
et al., 1985). This technique is ineffi-
cient in that it has a high energy re-
quirement and is relatively slow, mak-
ing it impractical for commercial grow-
seeded vegetable crops.
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ers. More-efficient implements are
available that can prepare an 8- to 16-
inch-wide strip, subsoil, and travel at
acceptable rates of speed (>1 acre/h
per row) (Mullins et al., 1988). These
implements use a front-cutting coulter,
a subsoiler, a set of two tilling coulters
on each side of the subsoiler, and a
rolling basket to break clods (Hoyt,
1987; Morse et al., 1987). This equip-
ment prepares the soil and can incor-
porate fertilizers as well as pesticides.
Additionally, the equipment can be
modified to fumigate the tilled strip
prior to planting (Estes et al., 1985).

Land preparation and cover
crop establishment

Insect and disease buildup is asso-
ciated with continuous annual crop-
ping of the same or related crops and
when crop residue is allowed to remain
on the soil surface until the following
growing season. As with conventional
tillage, crop rotation and destruction
of previous crop debris are very impor-
tant in managing diseases and insects.
Soil tillage associated with establishing
fall cover crops will incorporate crop
residues and provide an opportunity
to add non-mobile fertilizer materials
such as lime, phosphate, and possibly
potash. Cover crops provide protec-
tion against water and wind erosion,
and generate beneficial organic resi-
due for the following year (Hoyt and
Hargrove, 1986). The choice of cover
crops depends on the vegetable crop
to be grown and the cropping season.
Grass (small grains) cover crops offer
good protection against soil erosion
by water or wind and ample plant
residue for early plantings of cool-
season vegetables such as potatoes,
cabbage, or broccoli (Ditsch and Al-
ley, 1991; Hoyt, 1984). Grass cover
crops can remove excess soil water in
the spring, but may be detrimental if
dry soil conditions exist. Legumes can
develop abundant biomass and pro-
vide significant amounts of nitrogen
(N) through symbiotic N-fixation for
warm-season vegetables such as toma-
toes, sweet corn, snap beans, and squash
(Hoyt, 1989; Knavel and Herron,
1986; Skarphol et al., 1987) and fall-
planted cole crops (Morse and Seward,
1986).

No-till and strip-till implements
can be used in grass or legume cover
crops. With no-till, the vegetable crop
can be planted at the time of cover
crop desiccation, thus allowing for
HortTechnology ● April/June 1994   4(2)



Conventional transplanting equipment can
be used in strip-tillage.

Strip-till fresh-market tomato production using hairy vetch (top) and cabbage using wheat
residue (bottom).

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access
maximum cover crop development
(and N accruement with legumes) and
germination of weed seeds before ap-
plication of the herbicide. With strip-
tillage, the cover crop should be killed
at least 1 to 2 weeks prior to soil
preparation. This interval will allow
initiation of the breakdown of cover
crop roots and reduce the tendency for
clod formation.

Weed management
Weed interference (competition)

studies have not been conducted with
vegetable crops in conservation tillage
systems. However, several studies have
determined the critical weed-free pe-
riod for specific weeds in vegetable
crops in conventional systems. Infor-
mation generated from weed interfer-
ence studies in beets (Hewson and
Roberts, 1973; Vengris and Stacewicz-
Sapuncakis, 1971), broccoli (Bitterlich
and Upadhyaya,1990), cabbage (Bel-
linder et al., 1989; Lawson, 1972;
Roberts et al., 1976; Weaver, 1984),
carrots (Fiveland, 1974), cucumber
(Friesen, 1978; Labrada et al., 1983;
Lanini and Strange, 1991; Weaver,
1984), field beans (Dawson, 1964;
Glasgow et al., 1976), lettuce (Lanini
and Strange, 1991; Roberts et al.,
1977), lima beans (Glaze and Mullinix,
1984), muskmelon (Nerson, 1989),
onions (Williams et al., 1973), pepper
(Lanini and Strange, 1991; Meadt and
Monaco, 1979), potato (Ivany, 1986;
Rioux et al., 1979; Saghir and
Markoullis, 1974; Sonmez and Karaca,
1975; Thakral et al., 1989; Vitolo and
HortTechnology ● April/June 1994  4(2)
Ilnicki, 1985), snap beans (Frank,
1990; Neary and Majek, 1990; Vengris
and Stacewicz-Sapuncakis, 1971; Wil-
liams et al., 1973), sweet corn (Will-
iams et al., 1973), sweetpotato
(Kasasian and Seeyave, 1969; Levett,
1992; Talatala et al., 1977), and toma-
toes (Friesen, 1978; Gworgwor, 1990;
Kasasian and Seeyave, 1969; Monaco
et al., 1981; Rajagopal and Sankaran,
1980; Weaver, 1984; Weaver and Tan,
1987) provides useful insights into
when weed control or suppression is
necessary to prevent yield and quality
reductions from weeds.

Although management tools for
insect and disease control are not af-
fected greatly by production system
(conservation or conventional tillage),
management tools (cultivation, pre-
131
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Tomato production using a no-till transplanter in rye residue.
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plant herbicide application, etc.) for
weed control are limited in a conserva-
tion tillage system. However, an effec-
tive weed management program is es-
sential in the development of conser-
vation tillage systems for vegetable
crops. Several requirements must be
met to achieve an effective weed man-
agement program in conservation till-
age systems.

An effective herbicide for desicca-
tion of live vegetation (cover crop,
previous crop, or weeds) prior to plant-
ing is necessary to establish a growth
advantage of the crop over weeds. The
herbicide must provide complete shoot
kill and prevent regrowth of the previ-
ous crop or weeds. It should be ca-
pable of controlling all emerged plant
132

Strip-tillage produces loose cultivated soil in the r
species present, but should have no
residual activity on the crop being
planted. Finally, it must be registered
for the crop being grown. Paraquat
(Gramoxone Extra) or glyphosate
(Roundup and other trade names) fit
the criteria very well, and at least one of
them is registered to control emerged
weeds prior to planting in every veg-
etable crop (Monks and Monaco,
1993; Standifer and Beste, 1985). Both
herbicides control most annual weeds;
however, glyphosate is more effective
for the control of perennial weeds than
is paraquat. Paraquat must remain on
plant foliage for ≈30 min after applica-
tion to be effective, whereas glyphosate
requires at least 6 h to prevent wash-off
by rain or irrigation.
ow area.
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An effective preemergence herbi-
cide program is required to control
weeds that germinate after crop plant-
ing. The preemergence herbicide(s)
should provide selective control and
must be registered for the crop to be
grown. Preplant soil-incorporated her-
bicides cannot be used in strictly no-
till systems, but can be used in the
tilled strip in a strip-tillage system
(Wilcut et al., 1990). More rainfall
generally is needed to activate preemer-
gence herbicides in conservation till-
age plantings. Because some of the
herbicide is intercepted by the cover
crop mulch, more rainfall or overhead
irrigation is needed to move the herbi-
cide into the soil in comparison with
herbicides applied in conventional till-
age systems. Although not as many
herbicides are registered for preemer-
gence weed control in vegetable crops
as in field crops, effective choices are
available for crops such as beans, cab-
bage, potatoes, sweet corn, and toma-
toes.

In conservation tillage systems,
effective weed control after crop emer-
gence almost always is required in early
season to prevent the negative effects
of weeds on yield and quality of veg-
etable crops. Preemergence herbicides
do not provide complete control of
every weed species present through-
out the growing season in either con-
ventional and conservation tillage sys-
tems. Therefore, cultivation and/or
use of a postemergence herbicide are
required. Cultivation is impossible in
most conservation tillage systems.
However, early cultivation of the tilled
strip in a strip-tillage system is possible
during the first 2 to 3 weeks following
crop emergence or transplanting.

Lack of effective postemergence
herbicides can be a limiting factor in
conservation tillage systems. Effective
postemergence herbicides for control
of annual grasses and broadleaf weeds
are essential for a successful conserva-
tion tillage system. Vegetable crops
that have postemergence herbicides
registered and/or have been success-
fully produced in a conservation tillage
system are asparagus, beans, beets, cab-
bage, carrots, onions (dry bulb), peas,
Irish potatoes, spinach, popcorn, sweet
corn, and tomatoes. Major vegetable
crops that lack postemergence herbi-
cides for control of broadleaf weeds
include broccoli, cauliflower, cucur-
bits (cucumber, watermelon, musk-
melon, squash, and pumpkin), pep-
HortTechnology ● April/June 1994   4(2)
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per, greens, okra, and sweetpotato.
Production of these vegetable crops
using conservation tillage will not be
successful unless hand-weeding is prac-
ticed throughout the growing season
or until effective postemergence her-
bicides are developed for these crops.

Fertilizer recommendations
Fertilizer rates and application

methods must be adjusted when con-
servation tillage is used. A proper soil
fertility program should be started in
the fall when a grass or legume cover
crop is being established. Soil should
be tested for each field or each soil type
within the field to determine the cor-
rect amount and type of fertilizer for
the following spring or summer veg-
etable crop. Prior to seeding the cover
crop, the recommended lime, phos-
phorus, and potassium materials are
applied (if fall leaching is not a prob-
lem), and the field tilled (if tillage is
required) to incorporate the fertilizer
materials and any crop and/or weed
residue. Nitrogen and any other fertil-
izer materials that were not applied in
the fall should be applied at vegetable
planting the next year. Fertilizer is
applied most effectively in a band to
the side and slightly below the seed or
transplant. Fluted coulters are required
to cut through the residue and open a
furrow for the fertilizer.

Most fertility changes recom-
mended for no-till agronomic crops
also are applicable to conservation-
tilled vegetables. Specific adjustments
include the following:

1) Nitrogen application rate should
be increased based on density and type
of cover crop and soil type used and for
the inefficiency of placing fertilizer N
on the surface. Grass cover crops tie up
soil N in the spring, and grass residues
have a slow rate of decomposition dur-
ing the summer (Doss et al., 1981;
Hoyt, 1993; Knavel and Herron, 1981;
Knavel and Herron, 1985; Knavel et
al., 1977). Fertilizer N can be reduced
if a legume cover crop is used (Hoyt,
1991; Knavel, 1986; Morse and Seward,
1986; Skarphol et al., 1987);

2) Nitrogen, phosphorus, and
potassium fertilizer materials should
be band-applied rather than broadcast
whenever possible to achieve greater
efficiency (Robbins and Voss, 1991);

3) Starter fertilizer can be placed
in transplant water to enhance initial
root growth of the transplants; in
seeded crops, starter material can be
HortTechnology ● April/June 1994  4(2)
placed beside and below the seed;
4) Urea fertilizer materials should

be incorporated or at least side-banded
to reduce N loss.

Vegetable crops for
conservation tillage

Vegetable crops easily adapted to
a conservation tillage system are those
that can be produced with planting
equipment and pesticides similar to
those used in producing conservation-
tilled agronomic crops. Large-seeded
or transplanted vegetable crops per-
form successfully with conservation
tillage. Small-seeded crops, such as
lettuce, usually have a slow early growth
rate, causing them to be extremely
susceptible to competition by faster
growing weeds. Germination of small-
seeded crops often is inhibited by al-
lelopathic chemicals produced by de-
caying cover crops. Popcorn (Knavel
et al., 1985), sweet corn (Beste, 1973;
Beste, 1974), snap beans (Bellinder et
al., 1987; Tompkins et al, 1976), lima
beans, and peas have been produced
successfully in a conservation tillage
system. Transplanted crops such as
tomato (Beste, 1973; Monaco et al.,
1986; Shelby et al., 1988), cabbage,
and sweetpotato can be planted with
modified no-till equipment or by plant-
ing with conventional equipment into
a field that has been strip-tilled. Effec-
tive preemergence and postemergence
herbicides are registered for these crops,
and yields have been excellent under
these conservation tillage systems.
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