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SUMMARY. This study compared
conventional tillage (CT), strip tillage
(ST), and no tillage (NT) cultures for
effects on tomato (Lycopersicon
esculentum) fruit production. Within
each tillage system, fertilization
treatments were 60 lb/acre (67.2
kg·ha–1) of nitrogen (N) applied as
potassium nitrate in four ways: a 2-ft-
wide (0.6 m) strip over the row before
transplanting, a 4-ft-wide (1.2-m)
strip over the row before transplant-
ing, N banded 6 inches (0.15 m) to
the side and 4 inches (0.10 m) below
the plant after transplanting, or
applied through the drip irrigation
system. A treatment of no fertilizer
was included in the 1996 study but
was discontinued in 1998 and 1999
because yields were low and this
would not be a recommended practice

in Tennessee. Tillage treatments had
no effect on early small, medium, or
large tomato yields. In 2 of the 3
years, either ST or CT treatments
resulted in the highest total yields.
Highest early yields were often
produced by applying N in either 2-ft
or 4-ft, strips over the row before
transplanting. Highest late-season
yields were obtained from plants
receiving N applied as a band beside
the row after transplanting. Results
suggest that tomato yield under
minimal tillage (ST or NT) was at
least equivalent to CT in most years.
When the economic benefits of
minimal tillage are considered, these
results imply that minimal tillage
cultural practices are advantageous in
tomato production.

Upland silt loam soils of
the central United States
in which tomatoes are con-

ventionally planted or transplanted
usually are prepared by cultivating with
a moldboard or chisel plow, followed
by disking and harrowing to pulverize
large clods and smooth the soil sur-
face. These preparative measures re-
sult in a loose, usually weed free, soil
environment. Staked tomatoes are of-
ten grown on land with moderate to
excessive slope and on some of the
most easily eroded soils, especially in
the southeastern U.S. (Langdale et al.,
1985). Organic mulch from a cover
crop will protect the soil surface from
the dislodging impact of raindrops,
increase the infiltration rate of water
into the soil, slow the runoff of surface
water, and prevent large amounts of
sediment from moving into streams.
Most tomato production areas could
potentially benefit if NT production
techniques could be adopted to mini-
mize soil erosion (Coolman and Hoyt,
1993).

Fields planted in a NT cultural
system can be entered sooner follow-
ing rainfall to conduct operations nec-
essary for proper and timely care of the
crop (Tyler et al., 1994). In the case of
tomatoes, this might be tying the
plants, harvesting fruit, or spraying the
plants with pesticides. A firm soil sur-
face will allow heavy equipment to
enter the field sooner without rutting
the soil, disrupting the soil structure,
intercepting the normal drainage sys-
tem of the field, or disturbing the root
system of large tomato plants. In addi-
tion to reducing erosion, cover crops
or mulches in a NT culture can im-

prove crop yields through modifying
soil temperatures during the summer
season (Horton et al., 1994), reducing
evaporation from the soil surface
(Steiner, 1994), reducing soil bulk
density (Kladivko, 1994), protecting
surface soil structure (Langdale et al.,
1991; Unger, 1994), forming biopores
(Cochran et al., 1994), controlling
some weed species (Phatak et al., 1991),
and releasing nutrients (Lal et al.,
1991). Other benefits of NT culture
include reduction in harmful insect
population densities and capacity to
locate host plants (Hunt, 1998;
Riechert and Bishop, 1990; Zehnder
and Linduska, 1987), an increase in
numbers of beneficial insects (Brust,
1994; McPherson et al., 1982; Mwaja
et al., 1996; Ruberson et al., 1995),
less leaf necrosis in NT culture (Abdul-
Baki et al., 1996), and suppression of
weeds (Masiunas et al., 1995). Nega-
tive aspects of cover crops or mulches
include decreasing crop yields by com-
peting for available nutrients (Lal et
al., 1991), stimulating soilborne patho-
gens (Watkins and Boosalis, 1994),
lowering soil temperatures in early
spring (Horton et al., 1994), and pro-
ducing phytotoxic compounds
(Putnam, 1994).

Cover crops used in most tomato
tillage studies have been hairy vetch
(Vicia villosa) (Teasdale and Abdul-
Baki, 1997), subterranean clover (Tri-
folium subterraneum) (Abdul-Baki and
Teasdale, 1993), winter rye (Secale
cereale) (Drost and Price, 1991a,
1991b; Masiunas et al., 1995), or wheat
(Triticum aestivum) (Shelby et al.,
1988; Wyatt et al., 1999). Most of this
research has involved transplanting
tomatoes directly into the cover crops;
little information in available regard-
ing transplanting into a strip of culti-
vated soil within an organic cover crop.
Yields of reduced tillage tomatoes ex-
ceeded (Hunt, 1998) equaled
(Masiunas et al., 1995) or were less
than (Drost and Price, 1991b) con-
ventional cultural methods. Some stud-
ies (Mwaja et al., 1996; Shelby et al.,
1988) reported mixed results in to-
mato yields for tillage treatments from
year to year.

Higher tomato yields resulted
from banded placement of N, phos-
phorus (P), and potassium (K) than
when the same fertilizer rates were
broadcast (Mortley et al., 1991) and
equivalent yields were produced when
two times the rate was broadcast. Leaf
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and plant nutrient contents were higher
with banded treatments compared to
broadcasting. Cook and Sanders
(1990) found no differences in tomato
yield or N uptake between banded and
broadcast placement of N under black
plastic mulch. Hoyt (1992) found that
tomato yields increased with increas-
ing N rates in winter rye or hairy vetch
residues or in bare soil. He also sug-
gested (Hoyt et al., 1994) that banded
applications of N are more efficient
than broadcast applications in no till-
age culture and that urea-based fertil-
izers should be banded to reduce N
losses.

Our objectives were to identify
tillage systems and N fertilizer place-
ment methods for staked tomatoes
which will result in yields equal to or
better than those with CT methods.

Materials and methods
Methods of N fertilizer applica-

tion in staked tomatoes were studied
in CT, ST, and NT growing systems in
1996, 1998, and 1999, at the West
Tennessee Experiment Station, Jack-
son, Tenn. The test was conducted
each year on a Lexington silt loam soil
(Typic Paleudalf). Treatments were
arranged as a split-plot experiment
using a randomized complete-block
design with four replications. Main
plots consisted of tillage treatments
and subplots were comprised of fertil-
izer placement treatments. Individual
plots were single rows 20 ft (6.1 m)
long with 10 plants spaced 2 ft (0.6 m)
apart within rows. Rows were spaced
10 ft (3 m) apart to accommodate avail-
able spraying equipment. A border row
was included on each side of the plant-
ing. Plots were planted in the same field
each year where wheat had been drilled
at 60 lb/acre (67.2 kg·ha–1) in Septem-
ber of the previous year and killed with
glyphosate herbicide at 16 fl oz/acre
(1.17 L·ha–1) about 2 weeks before
tomato transplanting. ST plots were
prepared by tilling a strip about 20
inches (0.5 m) wide and 4 to 6 inches
(0.10 to 0.15 m) deep with a rear-tine
tiller. NT plots received no cultivation
other than opening and then closing a
furrow with a mechanical transplanter
shoe (Mechanical Transplanter Co.,
Holland, Mich.). CT plots were pre-
pared by disking followed by smooth-
ing the soil with a ‘Triple-K’, a spring-
tooth harrow with a rolling basket
attachment in the rear (Kongskilde,
Soro, Denmark). Tillage treatments in

1996 consisted of ST and NT; a CT
treatment was included in the study in
1998 and 1999.

Soil test results each year indi-
cated a high [161 to 320 lb/acre (180
to 358 kg·ha–1)] or very high [>320
lb/acre (358 kg·ha–1)] level of avail-
able K in the plots using the Mehlich I
extraction method. Phosphorus was
also in the very high [>120 lb/acre
(134 kg·ha–1)] range. Therefore, no
additional P and only the K from po-
tassium nitrate (KNO3) was applied.

Fertilization placement treat-
ments each year were 60 lb/acre
(67.2 kg·ha–1) of N from KNO3 ap-
plied 1) in a 2-ft strip over the row
before transplanting, 2) applied in a 4-
ft strip over the row before transplant-
ing, 3) banded 6 inches to the side and
4 inches below the soil surface after
transplanting, and 4) applied through
the drip irrigation system at 10, 20, and
30 lb/acre (11.2, 22.4, and 33.6 kg·ha–

1) applied at 2, 4, and 6 weeks after
transplanting, respectively. A fertility

treatment with no fertilizer was included
in the 1996 study only. In addition to
the treatment fertilizers, two
sidedressings of 30 lb/acre of N derived
from calcium nitrate were applied to all
tomatoes as a banded application, one
about 4 weeks after transplanting when
first fruit were about 0.8 inch (2 cm) in
diameter, and another 3 weeks later.

The entire experiment was irri-
gated with a drip irrigation system
each year. An additional irrigation line
was placed in plots which received N
through the irrigation system and ap-
propriate amounts of KNO3 were ap-
plied in about 1 gal (3.7 L) of solution
per plot at each treatment period. The
system was then flushed with about 1
gal of water per plot. Rainfall was
supplemented with drip irrigation to
provide about 1 inch (2.5 cm) of water
per week during fruit development.

‘Mountain Delight’ tomatoes
were seeded in a greenhouse on 13
Mar. and transplanted into field plots
on 17 Apr. 1996. ‘Mountain Fresh’

Fig. 1. Effects of tillage treatments on early, midseason, and total yield of extra
large tomatoes [>2 28/32 inches (>73 mm) in diameter] for 3 years. Harvest
periods: early (1996 = 24 June through 5 July; 1998 = 25 June through 10 July;
1999 = 27 June through 6 July); midseason (1996 = 9 July through 22 July;
1998 = 13 July through 20 July; 1999 = 9 July through 15 July); total (1996 =
24 June through 29 July; 1998 = 25 June through 3 Aug.; 1999 = 27 June
through 23 July). A 20-lb box = 9.1 kg. Bars within each harvest period with
the same letter are not significantly different by LSD, P = 0.05.
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tomatoes were seeded in a greenhouse
on 12 and 16 Mar. 1998 and 1999,
respectively, and transplanted into field
plots on 24 and 22 Apr 1998 and
1999, respectively. Recommended
cultural practices for staked tomatoes
in western Tennessee (Rutledge et al.,
1993) were followed for weed, dis-
ease, and insect control. Plants were
staked and supported using the Florida
weave tying system in which a stake is
placed between every other plant and
a nylon string is tied between stakes to
support the tomato plants from both
sides (Rutledge et al., 1993). Fruit
were harvested at mature-green or
breaker stage of maturity. Fruit were
counted and graded (USDA, 1976)
into small [2 4/32 to 2 9/32 inches (54
to 58 mm) in diameter], medium [2 9/
32 to 2 17/32 inches (58 to 64 mm) in
diameter], large [2 17/32 to 2 28/32
inches (64 to 73 mm) in diameter],
and extra large [>2 28/32 inches (73
mm) in diameter] sizes. Harvests were
arbitrarily broken into early (24 June
through 5 July, 1996; 25 June through
10 July, 1998; 27 June through 6 July,
1999), midseason (9 July through 22
July, 1996; 13 July through 20 July,
1998; 9 July through 15 July, 1999),
and late (22 July through 29 July,
1996; 24 July through 3 Aug., 1998;
19 July through 23 July, 1999) harvest
periods.

Data were converted to per-acre
yields and subjected to analysis of vari-
ance (ANOVA) using appropriate SAS
procedures (SAS Institute Inc., Cary,
N.C.). Means were separated using
least significant differences (LSD) at P 
0.05 where applicable.

Results and discussion
No interactions were found be-

tween tillage and fertilizer placement
treatments for effects on yield. Al-
though a wide row spacing was used in
this study, the fruit yield per plant was
typical of that expected in Tennessee.
Few tillage treatments resulted in sig-
nificant differences in tomato yields by
size or harvest period and most tillage
data are not presented. Since extra
large fruit are usually the highest val-
ued of a spring-grown tomato crop,
data are presented for extra large yields
(Fig. 1). In 1996, total yields of extra
large tomatoes with ST were signifi-
cantly higher than with NT (Fig. 1). In
1998, yields of early extra large toma-
toes with ST were significantly higher
than early extra large tomatoes with

tillage (Fig. 2). Where treatment ef-
fects on early total yields were signifi-
cant in 1998, yield with ST was higher
than with CT. Early tomato yield un-
der minimal tillage (ST or NT) was at
least equivalent to CT in the two sea-
sons where all three treatments were
used in the experiment. These findings
are similar to those of Masiunas et al.
(1995) and Drost and Price (1991b),
who found yields with NT were no
different from CT when tomatoes were
grown in killed rye or wheat. When the
previously mentioned benefits of mini-
mal tillage are considered, these yield
results imply that minimal tillage cul-
tural practices are sometimes advanta-
geous in production of early-season
tomatoes. However, minimal tillage
treatments resulted in lower, or equal
total-season yields than CT in the two
seasons where all three treatments were
used in the experiment.

Application of no fertilizer in 1996
resulted in lower early large, early extra
large, and early total tomato yields

Fig. 2. Effects of tillage treatments on early, midseason, and total yield of all
marketable tomatoes for 3 years. Harvest periods: early (1996 = 24 June
through 5 July; 1998 = 25 June through 10 July; 1999 = 27 June through 6
July); midseason (1996 = 9 July through 22 July; 1998 = 13 July through 20
July; 1999 = 9 July through 15 July); total (1996 = 24 June through 29 July;
1998 = 25 June through 3 Aug.; 1999 = 27 June through 23 July). A 20-lb box
= 9.1 kg. Bars within each harvest period with the same letter are not signifi-
cantly different by LSD, P = 0.05.

CT, but not different from early toma-
toes with NT. In 1999, midseason and
total yields of extra large tomatoes
with CT were significantly higher than
yields with either ST or NT. Signifi-
cant differences between and among
tillage treatments for total yields of all
size grades of tomatoes were similar to
those of extra large tomatoes (Fig. 2).

These inconsistent results have
been documented by others in tomato
tillage studies (Mwaja et al., 1996;
Shelby et al., 1988). Year-to-year dif-
ferences in plant productivity between
treatments may be due to changes in
physical and nutritional soil character-
istics resulting from breakdown of cover
crop residues or increased numbers of
disease organisms in soils (Dabney et
al., 1996; Rothrock et al., 1994) or
other factors, such as differences in soil
temperature (Horton et al., 1994) or
soil moisture (Steiner, 1994).

Early total fruit production, usu-
ally the most profitable in spring-grown
tomatoes, was largely unaffected by
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than yield with the 2-ft strip, and lower
early total yields than with the 4-ft
strips (Fig. 3). For these reasons, this
treatment was discontinued in 1998
and 1999. Early total yields were also
higher with the 4-ft strip than with
either banded or injected treatments.
In 1998, the 4-ft strip treatment re-
sulted in significantly higher yields of
early large tomatoes than the banded
treatment, higher yields of early extra
large tomatoes than with the 2-ft strip,
the banded, or the injected treatments,
and higher early total yields than the
banded or injected treatments. In ad-
dition, the 2-ft strip treatment resulted
in higher early total yields than the
banded treatment in 1998. No differ-
ences among treatments were found in

Fig. 4. Effects of fertilizer placement methods on late large, late extra large,
and total late yield of marketable tomatoes for 3 years. Late harvest periods:
(1996 = 22 July through 29 July; 1998 = 24 July through 3 Aug.; 1999 = 19
July through 23 July). Large tomatoes = 2 17/32 to 2 28/32 inches (64 to 73
mm) in diameter; extra large tomatoes = >2 28/32 inches (>73 mm) in diam-
eter. A 20-lb box = 9.1 kg. Bars within each harvest period with the same letter
are not significantly different by LSD, P = 0.05; 1 ft = 0.3 m.

1999 for early large, early extra large,
or early total tomato yields.

In general, large, extra large, and
total tomato yields were higher with
the banded and injected fertilizer place-
ment treatments than with the strip-
applied treatments during the late part
of the harvest season (Fig. 4). In 1996,
the banded treatment resulted in higher
late large, extra large, and total yields
than the 2-ft strip treatment, and higher
late large and extra large yields than
the 4-ft strip treatment. The injected
treatment also resulted in higher late
extra large and total yields than with
the 2-ft strip treatment in 1996. In
1998, the banded treatment resulted
in higher late large and total yields
than with the 4-ft strip treatment and
higher late total yields than with the 2-
ft strip treatment. In 1999, total yields
of late tomatoes were higher with the
banded treatment than with the 4-ft
strip treatment.

Total yields of all tomatoes are
presented in Fig. 5. This includes the
midseason portion of the harvest in

Fig. 3. Effects of fertilizer placement
methods on early large, early extra
large, and total early yield of market-
able tomatoes for 3 years. Early
harvest periods: (1996 = 24 June
through 5 July; 1998 = 25 June
through 10 July; 1999 = 27 June
through 6 July). Large tomatoes = 2
17/32 to 2 28/32 inches (64 to 73 mm)
in diameter; extra large tomatoes = >2
28/32 inches (>73 mm) in diameter. A
20-lb box = 9.1 kg. Bars within each
harvest period with the same letter are
not significantly different by LSD, P =
0.05; 1 ft = 0.3 m.
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Fig. 5. Effects of fertilizer placement methods on total large, total extra large,
and total yield of marketable tomatoes for 3 years. Large tomatoes = 2 17/32 to
2 28/32 inches (64 to 73 mm) in diameter; extra large tomatoes = >2 28/32
inches (>73 mm) in diameter. A 20-lb box = 9.1 kg. Bars within each harvest
period with the same letter are not significantly different by LSD, P = 0.05; 1 ft
= 0.3 m.
addition to the early and late segments
presented in Figs. 3 and 4. Yields with
the banded placement treatment were
higher for total large, extra large, and
total harvested tomatoes than with the
unfertilized control in 1996. The in-
jected treatment also resulted in higher
yields of total extra large and total
harvested tomatoes than with the un-
fertilized control, and greater yields of
total extra large tomatoes than with
the 4-ft strip in 1996. In 1998, extra
large yields were higher with the 4-ft
strip treatment than with the banded
treatment. In 1999 the 4-ft strip treat-
ment resulted in less yield than all
other treatments for total extra large
tomatoes and less than the banded and
injected treatments for total tomatoes
harvested.

Since neither of the strip-applied
fertilizer treatments was significantly
different from the unfertilized control
for total large tomatoes or total season
harvest in 1996 (Fig. 5), it might be
concluded that these placement meth-
ods would not be viable alternatives to
banded placement for tomato produc-
tion. Mortley et al. (1991) concluded

that band placement of fertilizer for
tomatoes was superior to broadcast
application and that less fertilizer could
be banded beside tomato plants to
achieve the same results. Cook and
Sanders (1990) found no differences
between banded and broadcast place-
ment methods for tomatoes but this
was under black plastic mulch; the
fertilizer was not exposed to washing
rainfall or to leaching like that encoun-
tered in a bare soil or a reduced tillage
cultural system. Banded fertilizer ap-
plications are thought to be more effi-
cient than broadcast applications (Hoyt
et al., 1994) and N losses from urea
can be reduced by band placement.

Our fertilizer injection treatment
was initiated two weeks after trans-
planting to allow plants to recover
from transplanting shock and was not
completed for four additional weeks.
This delay in supplying the total
amount of N for the season through
the irrigation system is not recom-
mended for tomatoes grown in re-
duced tillage culture. There were also
times when N application had to be
postponed for a few to several days

because of excessive rainfall or some of
the N may have been lost to leaching
after N injection.

Tomato yields from minimal till-
age treatments (ST or NT) were equiva-
lent to yields from CT in most years.
Benefits of reduced tillage must be
considered when growers make man-
agement decisions regarding how to-
matoes will be produced. Our data on
total tomato yield suggest that banded
or injected fertilizer placement might
be the most effective for tomatoes
under reduced tillage conditions.
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