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Weed control and yield of processing tomatoes with different
irrigation, tillage, and herbicide systems
by Kipp Sutton, Tom Lanini, Jeff Mitchell, Gene Miyao and Anil Shrestha
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Weeds in furrow-irrigated tomato field (left)
compared to subsurface drip irrigation (top).
photos by Tom Lanini

alifornia agriculture is characterized by
high yields in arid areas accomplished
through the intensive management of
irrigated cropping systems. However, the
cropping practices resulting in high yields
cause potentially reduced water, air, and
soil quality. The most common irrigation
practice in California row crop systems
is furrow irrigation. Furrow irrigation
has lower water use efficiency, high rates
of water outflow, more potential topsoil
erosion and greater possible pesticide and
fertilizer pollution than drip irrigation
systems. In addition, soil beds in furrow
irrigated systems are maintained by
frequent tillage, which leads to high
levels of dust production, possibly higher
greenhouse gas emissions and reduced
overall soil quality. Thus, there is a need
for economically feasible alternatives for
agricultural production that can reduce
these environmental costs.
Conservation tillage (CT) is defined
as “any tillage or planting system that
maintains at least 30% of the soil surface
covered by residue.” Studies have shown
that CT results in the sequestration of
soil carbon (C) and nitrogen (N), the
reduction in air and water pollution and
soil erosion, the decreased consumption
of fossil fuels, and economic savings.
Nevertheless, the adoption of CT as a
sustainable production practice has been
limited in California in part because of the
need for tillage to maintain furrows for
irrigation and to control weeds. Moreover,
the substitution of more herbicides for
weed control with reduced cultivation in
CT is an environmental and economic
issue for farmers. Limiting the need for
herbicides by using drip systems would
strengthen the potential economic
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benefits of CT systems. Tillage, including
preplant, intercrop land preparation and
in-season cultivation operations, can
typically account for 18 – 25% of overall
production costs in annual cropping
systems in California.
Comparative studies of subsurface
drip irrigation versus furrow irrigation
have shown that drip is more efficient in
terms of nitrogen (10-20%) and water
use (20-50%) with similar or greater
yield. Enhanced weed control has also
been reported with subsurface drip
irrigation. Thus, its use may resolve
problems concerning the adoption of CT
by reducing the need for maintenance of
furrows and augmented herbicide use.
The objective of this study was to
investigate the use of subsurface drip
irrigation with CT for weed control, yield,
and quality in processing tomato.

A field trial at the UC Davis
Russell Ranch Sustainable
Agricultural Facility was
established in 2003. The
field was planted to wheat, which was
harvested May 28, 2003, and the entire
study area subsequently ripped, disked,
and beds prepared for the experiment. The
field trial utilized a split-split-plot design.
The main plot treatments were subsurface
drip irrigation and furrow irrigation, splitplot treatments were CT and standard
tillage, and split-split plot treatments were
herbicide and no-herbicide. The CT plots
used permanent beds without bed-top
tillage. The standard tillage plots used
practices standard to the area (i.e. ripping,
disking, landplaning and listing). The drip
tape used was Queen Gil-medium flow,
with four-inch emitter spacing, installed
10 inches below the surface in the center
of the bed.
Tomatoes were transplanted on June 18,
2003 (cultivar ‘ENP 113’), and May 6, 2004
(cultivar ‘Halley 3155’), with a conventional
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three-row transplanter, modified for CT, with plants spaced 10
inches apart, as a single row on the bed. The subsurface drip
irrigation plots were irrigated approximately three times per week
while the furrow irrigation plots were irrigated approximately
every nine days based upon evapotranspiration demand. Both
systems received the same type and amount of fertilizer to avoid
confounding factors associated with fertilizer.
Matrix™ was applied as a broadcast treatment to the
herbicide plots. The CT plots received no tillage. The furrow
irrigation-standard tillage plots were cultivated for weed control,
but the subsurface drip irrigation-standard tillage plots were not
cultivated in either year, because there was no significant weed
growth. After harvest, all standard tillage beds were stubbledisked and mulched. The following spring, 2004, standard
tillage beds were tilled using a Sundance bed disk followed by
a power mulcher. Glyphosate was applied in the winter to the
herbicide plots to reduce winter weed growth. A propane flamer
was used to control winter weed growth prior to planting, on
CT-no herbicide plots.
Weed species and density was measured along with the time
taken for a crew to hoe the weeds in each plot. Weed biomass was
collected from both bed and furrow prior to harvest in each plot.
Tomatoes were mechanically harvested for yield determination. As
each row was harvested, a subsample was taken and sorted into
marketable, green, and rotten fruit. The percent of these categories
was calculated to estimate marketable yield. Fruit was analyzed
for pH, brix, and LED color.
Results

The dominant weeds in 2003 and 2004 were pigweed followed
by lambsquarters and black nightshade, which made up over 85%
of the weeds encountered in the study area. Weed populations
increased in 2004 compared to 2003 (Table 1). Weeds were
basically absent in the subsurface drip irrigation plots in either
year, as the seeds could not germinate in the dry surface soil.
Furrow irrigation provided ideal conditions for weed germination;
the large amount of seed produced in 2003 contributed to the
population increase in 2004. Herbicide or tillage reduced weed
density about 50%. The tillage treatment controlled weeds on
the sides of the bed and furrow, but did not control weeds in
the tomato plant line. The Matrix™ treatment was effective in
controlling most emerged weeds, but since overhead irrigation
was not applied to this trial, the herbicide was not adequately
incorporated to provide effective residual control.
Hand weeding times reflected weed density, with less hand
weeding time required in subsurface drip irrigation treatments
compared to furrow irrigation in both years. Hand weeding
time in subsurface drip irrigation plots did not differ between
standard tillage and CT or between herbicide and no herbicide
plots in either year. However, on furrow irrigation-no herbicide
plots, hand weeding time was nearly 16 hr/a greater compared to
the herbicide plots in 2003. Additionally, CT-no herbicide plots
required 10 hr more hand weeding time per acre than standard
tillage plots in 2003. In 2004 furrow irrigation treatments, tillage,
herbicide, or the combination of tillage and herbicide substantially
reduced weed density and hand weeding time. Tillage or herbicide
alone reduced hand weeding time by over 75 hr/a in furrow
irrigation treatments. The combination of tillage plus herbicide
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Table 1. Average weed density of all weeds on beds and in
furrows on July 11, 2003, and May 24, 2004.
Bed

2003

Furrow

Bed

2004

Furrow

(No./ ft2)
FI
SDI

1.7ab
0.05b

4.2a
0.06b

9.2
0.06

19.7a
0.02b

ST
CT

1.0
0.7

2.6
1.6

3.6b
5.6a

5.0b
14.7a

HE
NH

0.7
1.0

1.8
2.4

3.0b
6.2a

7.9b
11.8a

a

b

Abbreviations: FI, furrow irrigation; SDI, sub-surface drip irrigation; ST, standard tillage;
CT, conservation tillage; HE, herbicide; NH, no herbicide; Rows labeled with a single
abbreviation are means of the main effects.
Values with the same letters in a column are not different from one another at the 5% level of
significance of Fisher’s Protected LSD test.

treatment on furrow irrigation plots reduced hand weeding by
about 20 hr/a, compared to either used alone, but hand weeding
time was still greater than on the subsurface drip irrigation plots.
Weed biomass, similar to density, was highest in the furrow
irrigation treatments and also highest in the furrow zone in terms
of row position in both years. Competition from the tomato
crop may have reduced weed growth on the beds, compared to
the furrow area, where there was no competition. In 2004, there
was an interaction between irrigation and herbicide on weed
biomass on beds. The furrow irrigation-no herbicide plots had
a much greater weed biomass on beds than when subsurface
drip irrigation was used for irrigation or herbicides were used
on furrow irrigation plots. Also in standard tillage plots, weed
biomass in the furrows was less than the CT plots. Tillage
eliminated weeds in the furrow area, but in CT plots, weeds
continued to germinate and grow with each irrigation.
Table 2. Tomato yield [total fruit and red (marketable)], and
percent green and rotten fruit in 2003 and 2004.
2003
Fruit
Red
Green
— (t/ac) —
— (%)
FI-ST-HE
28.9a
23.2a
12.1
FI-ST-NH
24.4c
17.7c
20.3
FI-CT-HE
24.9c
20.0b
12.7
FI-CT-NH
23.5c
18.1c
13.8
SDI-ST-HE 27.0b
20.6b
18.3
SDI-ST-NH 27.2b
21.1b
15.5
SDI-CT-HE 27.9ab 21.2b
18.7
SDI-CT-NH 27.4ab 20.9b
19.3

Rot
—
7.7
7.1
8.7
9.5
5.4
6.6
5.5
4.6

2004
Fruit
Red
Green
— (t/ac) —
— (%)
30.3
25.8
6.1
26.9
22.0
4.3
34.9
29.9
3.8
27.3
22.7
4.7
35.1
29.3
7.3
32.0
26.2
8.1
33.1
29.2
5.7
31.7
27.2
5.5

Rot
—
8.4
13.5
10.5
11.6
9.0
9.8
5.8
8.1

FI
SDI

25.4
27.4

19.7
20.9

14.7
17.9

8.2a
5.4 b

29.8 b
33.0a

25.1b
28.0a

4.7
6.7

11.0
8.2

ST
CT

26.9
26.0

20.6
20.0

16.6
16.1

6.7
7.1

31.1
31.7

25.8
27.2

6.5a
4.9b

10.1
9.0

HE
NH

27.2
25.6

21.3a
19.4b

15.4
17.2

6.8
7.0

33.4a
29.5b

28.5a
24.5b

5.7
5.7

8.4b
10.7a

FI-HE
FI-NH
SDI-HE
SDI-NH

26.9a
23.9b
27.5a
27.3a

21.6a
17.9 b
20.9a
21.0a

12.4 b
17.1a
18.5a
17.4a

8.2
8.3
5.5
5.6

32.6
27.1
34.1
31.9

27.9
22.3
29.2
26.7

4.9
4.5
6.5
6.8

9.4
12.6
7.4
8.9

a

Values with the same letters are not different from one another at the 5% level of significance of
Fisher’s Protected LSD test.
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Yields for all systems were low in 2003 due to the late planting
date (Table 2). Total fruit and marketable fruit yields were highest
in the furrow irrigation-standard tillage-herbicide plots in 2003.
However, furrow irrigation-no herbicide plots yielded less total
fruit and marketable fruit than did any of the subsurface drip
irrigation treatments. The percentage of rotten fruit was greater
in the furrow irrigation plots compared to the subsurface drip
irrigation plots, possibly due to the increased surface moisture. In
2004, subsurface drip irrigation plots had about 10% higher fruit
and marketable fruit yields than furrow irrigation plots. Herbicide
treatment also improved total fruit and marketable yield by 13 to
16%, respectively, in 2004 (Table 2). All weeds were removed by
hand hoeing, but herbicide treatments were able to maintain good
weed control on the beds, resulting in improved tomato yields.
The amount of green fruit was greater in both years in subsurface
drip irrigation plots compared to furrow irrigation plots and some
tendency toward less rotten, overripe fruit. This may indicate a
delay in maturity in these plots, possibly indicating the need to
reduce or cut irrigation earlier in the season.
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There was no relation between any of the individual
treatments and tomato quality in 2003, with tomato brix
averaging 5.65% in the subsurface drip irrigation and 5.73% in the
FI. In 2004, tomato brix was 5.01% in the FI, but only 4.72% in
subsurface drip irrigation Plots. Neither pH nor LED color varied
between treatments in either year.
Conclusion

This experiment demonstrated that subsurface drip irrigation
could substantially reduce weed density and growth in limited
rainfall environments. These data also provide insights into the
weed dynamics within different irrigation and tillage systems as
well as their interactions. With subsurface drip irrigation, it may
be possible to implement CT systems without the typical increase
in herbicide use.
This copyrighted article appeared in a longer form in Weed
Technology, Vol. 20, Issue 4, pages 831-838, published by Weed
Science Society of America, Allen Press Publishing Services. It is used
with permission.

SAFS field day grower panel: On-farm energy-saving practices
by Lyra Halprin

T
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he SAFS project sponsors
problems farmers
an annual field day to
have identified in
showcase sustainable research
their fields.
and management practices. One
Carter said
of the most popular features of
other growers are
the June 2007 field day at Muller
his best resource,
and Sons farm in Woodland
especially for
was a panel of five farmers
organic farming
from Yolo, Solano and Colusa
practices.
counties. They talked about
“That’s why
Farm advisor Gene Miyao (third from right) moderated grower panel, which included (l-r) Frank Muller, Scott Park, Tony
energy and water conservation
this kind of
Turkovich, Jim Durst, [Miyao], Ben Carter, and Richard Cushman.
on their farms, including drip
field day is so
irrigation, reduced tillage and
valuable—it gives
the use of cover crops.
us
growers
a
chance
to
network,” he said.
each year at $2.50/gal. At the end of the
Jim Durst, who farms at Hungry
“On
the
organic
side,
the
university is a
year he will compare records to see if they
Hollow near Esparto, talked about his
little
bit
behind
the
curve
on research,
have saved fuel.
family’s goal of using 10 percent less fuel
but
is
responsive
about
picking
up ideas
“If we save 10 percent, that’s $5,000,”
this year. Durst produces fresh market
growers
suggest
and
testing
the
veracity of
he said. “If everyone used 10 percent less
produce, rotated with alfalfa.
these
ideas
that
we’re
all
using
empirically.
fuel, it would make a big impact. If we
“We’re trying to do that by
Unfortunately, the university doesn’t have
can do it on a small farm, the hope is that
questioning every trip we make anywhere
the answers yet in organic like they do in
others can replicate it.”
with any vehicle—cars, trucks or tractors.
conventional agriculture.
Durst said he has retired a few of the
We ask ourselves, do we really need to
“So the growers are trying a lot of
farm pickups in favor of energy-efficient
make a second pass over the field, do I
things—weed
control, pest control,” he
Kabota all-terrain vehicles (ATV) that get
need to pump to irrigate this field or can I
said.
“And
I
find
that the growers are on
40-50 mpg.
use gravity flow? Do I need to go to town
the
leading
edge.
And that’s ok.”
“ATVs work for us because all our
right now, or can I wait until tomorrow
Carter
said
he
investigated the idea of
fields are contiguous,” he said. If people
and consolidate trips?” he said. “I try to
using
solar
energy
to
power a 50 hp well,
are farming throughout the county, across
look at it as if I only had 10 gallons of fuel
but
the
capital
cost
was
too high.
roads, that might not work.
left, so I’ll wait until something is really
“It
was
going
to
be
about
a million
Ben Carter of Colusa, who farms
important before using it.”
dollars
for
150
acres,”
he
said.
“It didn’t
diversified field crops, row crops,
Durst said his farm uses approxipencil
at
all.
Instead,
to
save
energy
for ag
orchards, and livestock, noted that he
mately 20,000 gallons of off-road diesel
looks to the university for solutions to
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well applications, we are doing pump tests to make sure they’re
efficient, and converting some of the diesel pumps to electric
because the cost of diesel is so high. We also save money by using
‘time of use’ irrigation – off-peak electricity for irrigation.”
Carter said he has three water recirculation systems that are
very energy efficient.
“We can get the same yield of water with much lower energy
use with the recirculation systems,” he said. “It’s not for everyone,
but given the layout of our land, it makes a lot of sense for us. I’m
looking at developing one more. The USDA can help people set
up a recirculation system through the NRCS.”
Tony Turkovich, partner in Button and Turkovich Ranch
in Winters, said that his farming operation is using more drip
irrigation.
“Overall, it’s more water-efficient, but we do use a little
more energy to pressurize the drip system compared to an open
discharger or a gravity flow system in furrows,” he said. “In
general, we’ve conserved a lot of energy by going to minimum
tillage on most of our land, where we retain the same beds
all the time. By using the GPS system, and maintaining the
same furrows, we’ve really minimized our trips across the field
compared to what we used to do conventionally.”
First-generation farmer Scott Park of Meridian said improved
soil structure is the most important factor in reducing energy use
on his land.
“I’m cutting fuel consumption by improving the soil,” he
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said. “Cover crops are responsible for our greatly improved soil
structure. I need less horsepower to loosen the soil because it has
become more friable—crumbly—over time.”
Park said he has been using cover crops for more than 16
years.
“Cover crops diminish water use because we’re holding a
lot more water on the fields in the winter,” he said. “The soil has
improved and I don’t have to irrigate as often. Friable soil holds
more water, and for sure we have less water runoff.”
Grower Frank Muller, who hosted the field day with his
brothers Louie and Tom, noted that farmers must be flexible in
the way they approach their farming operations.
“It’s a moving target, what we’re doing out here,” he said.
“What people expect from farms is not the same as 20 years
ago. Water and energy use are bottom-line related, but are also
environmentally related now, too. And what we do today is not
going to be the same in 20 years.”
Richard Cushman, a Dixon farmer, calls himself an anomaly in
a heavily irrigated region.
“No one farms the way I do, but I guess I’m an example of
what can be done for rain-fed production,” he said. Cushman
farms 143 acres in Dixon, using only a no-till drill and a sprayer
to raise cereals.
“My farm is entirely rainfed,” he said. “I don’t irrigate, till or
export water.” In the last year, when only nine inches of rain fell,
he harvested 45 sacks/acre of triticale.

More information on UC Davis sustainable agriculture farming systems projects is available online at
safs.ucdavis.edu,
including expanded newsletter articles, SAFS/LTRAS updates, and other resources.
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