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RESEARCH ARTICLE

▲▲

was used to evaluate responses to till-
age and organic matter (OM) manage-
ment. Conventional tillage (subsoiling,
disking, and surface mulching to a
depth of 20 inches) was compared to
minimum tillage where only the sur-
face layer of semi-permanent beds is
tilled to a depth of 8 inches. Also, or-
ganic amendment (+OM) and no or-
ganic amendment (−OM) treatments
were compared. Organic matter was
added to the soil in the form of both
cover crops and compost, to incorpo-
rate carbon (C) and nitrogen (N)
sources like plant residues, that are
readily available to plants, and more re-
sistant sources of C and N that remain
after the composting of manure, mu-
nicipal yard waste, and other plant ma-
terials. Many conventional and organic
vegetable growers use both inputs in
their crop rotations, and so these mate-
rials were used together to study their
effects on SOM and other variables. Soil
microbial biomass is one measure of the
readily available, active fraction of
SOM, and it usually represents < 5% of
the total C and N in the SOM (Paul and
Clark 1996). Total soil C and N contain
many diverse compounds that are re-

compost, and reduced tillage may in-
crease SOM, especially the active frac-
tion of SOM that is largely composed of
decaying plant material and microbial
cells, and plays an important role in nu-
trient cycling and retention (Paul and
Clark 1996). These methods may also
increase nutrient availability, leading to
less reliance on fertilizers that are de-
rived from nonrenewable fossil fuel,
and improve soil physical properties
such as aeration and water infiltration
(Reeves 1997). They can improve soil
quality by minimizing nitrate leaching
below the rootzone, reducing groundwa-
ter contamination (Jackson et al. 1993).

Adoption of these practices will be
enhanced if: (1) farmers face few eco-
nomic disadvantages due to the new
procedures; (2) the start-up costs and
effort are feasible; and (3) new practices
do not result in onset of new problems.
In this on-farm research, farmers par-
ticipated in the design and implementa-
tion of experiments to assess the multiple
trade-offs involved in transitioning to
new management practices.

In an on-farm experiment in a veg-
etable production field in the Salinas
Valley, a multidisciplinary approach
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▼

Use of cover crops and compost
increased soil quality in irrigated,
intensive production of lettuce and
broccoli in the Salinas Valley. These
methods had the beneficial impacts
of increasing soil microbial biomass,
increasing total soil carbon and
nitrogen, reducing surface bulk
density and decreasing the potential
for groundwater pollution as a
result of nitrate leaching below the
root zone. These soil benefits did
not lead to lower yields and
occasionally resulted in fewer
weeds and lower lettuce corky root
disease. Although surface minimum
tillage reduced yields, it led to
reduced potential for nitrate
leaching below the root zone. Use
of conventional tillage, cover crops,
and compost produced high
vegetable yields and acceptable net
economic returns over a 2-year
period, but broccoli was more
profitable than lettuce under this
regime. Understanding the trade-offs
of various costs and benefits will help
growers choose management
practices that optimize economic and
environmental benefits.

Soil quality research focuses on soil
organic matter (SOM), its activity

and function, and related chemical and
physical properties. It also considers
the larger picture, including impacts of
soil management on production, pests,
and economics. Use of cover crops,

Scientists, growers assess trade-offs
in use of tillage, cover crops and compost

Merced rye cover crop on semi-permanent beds in Salinas Valley vegetable production
during the winter. Beds were retained for a 2-year period. The +OM treatment received a
cover crop and a compost application each year.
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sistant to breakdown in soil, and typi-
cally change more slowly in response to
management than the active fraction of
SOM (Wander et al. 1994). The objec-
tives of the 2-year experiment were to
determine the effects of alternative till-
age and OM management practices by:
(1) monitoring changes in crop yield,
nutrient uptake, and soil parameters
throughout a 2-year period; (2) docu-
menting effects on weeds, pathogens,
and insect pests; and (3) assessing the
total economic costs and net returns in-
curred while adopting practices condu-
cive to increasing soil quality.

Soils and management practices

A 20.5-acre field trial site was estab-
lished in April 1998 in the Salinas Val-
ley of California. The Salinas silt loam
soil had a pH of 7.0, and contained 28%
sand, 52% silt, and 20% clay. The four
treatments were: minimum tillage +OM
inputs; minimum tillage −OM inputs;
conventional tillage +OM inputs; and
conventional tillage −OM inputs. Treat-
ments were replicated four times, and
each plot was 1.3 acres. Two replicate
areas were sampled per plot.

Typical vegetable production with
conventional tillage disturbs the soil to
approximately a 20-inch depth and
beds are re-made between each crop.
The ‘Sundance’ system for minimum
tillage, however, utilizes disks to incor-
porate crop residues, cultivate the tops
and sides of the beds and lister bot-
toms, shanking the furrows in a single
pass. This method tills to approxi-
mately 8 inches deep. No subsoiling
was done in the minimum tillage treat-
ments. The same 40-inch-wide beds re-
mained in place in the minimum tillage
treatments for the entire study, but
were re-made between each crop or
cover crop in the conventional tillage
treatments.

In treatments receiving added OM,
compost was added two times per year
at 4 tons per acre per application, and a
Merced rye (Secale cereale cv. Merced)
cover crop was grown each year during
the fall or winter when no vegetable
crops were present. Compost was ap-
plied either immediately before or after
the cover crop. The compost was com-
mercially available and had a mean
C:N ratio of 17:7. Starting materials for
the compost were municipal yard

waste (30%), salad packing plant waste
(5%), with the remainder composed of
manure, clay, finished compost, and
baled straw. The amount of total N
added per compost application was ap-
proximately 80 pound/acre, but this N
is not readily available, and is released
slowly through time. Consequently,
growers apply other fertilizer materials
to supplement the N supplied by the
decomposition of the compost and
cover crops. Currently, accurate meth-
ods do not exist for growers to monitor
N availability from these materials, and
trial and error is often used for deter-
mining supplemental fertilizer needs.

Four vegetable crops were grown
during the course of the study.
Crisphead lettuce was planted in May
1998, January 1999 and June 1999. Broc-
coli was planted in November 1999, on
the east half of the field, and December
1999 on the west half of the field. These
were counted as the same crop for the
purpose of this study. All crops were
direct-seeded.

Sprinkler irrigation was used during
the germination and establishment
stages of the crops and cover crops. Af-
ter thinning the cash crops, surface drip
irrigation was applied two to three
times per month. The entire field re-
ceived the same fertilizer applications.
Nitrogen fertilizer inputs were as fol-
lows for the four vegetable crops: 134.2
pound/acre (May 1998 lettuce crop);
84.8 pound/acre (January 1999 lettuce
crop); 112.5 pound/acre  (June 1999 let-
tuce crop); and 148.4 pound/acre (2000
broccoli crop). A pre-plant fertilizer of
300 pound/acre of 5-25-25 before each
cover crop and broccoli crop was ap-
plied, and one to four applications of

liquid 20% ammonium nitrate through
the drip tape after thinning each veg-
etable crop were applied. There was
one application of 300 lb/acre of ammo-
nium sulfate prior to planting broccoli.

Sampling occurred at harvest of each
of the cash crops and the fall/winter
cover crops (n = 32). At each sampling
point, soil cores were taken to a depth
of 36 inches. Soil analytical methods in-
cluded gravimetric moisture, potas-
sium chloride extractions for inorganic
N, chloroform fumigation extraction for
soil microbial biomass (MBC), and
anaerobic incubation for potentially
mineralizable N. The latter two analy-
ses were only done on the surface soil
(0 to 6 inches in depth). In addition,
cores for total soil C and N were taken
at the end of the experiment at this
depth, and for bulk density, also at a
typical plowpan depth. Aboveground
plant biomass was collected from
1.2-square-yard areas. Total soil C
and N and plant nitrogen were ana-
lyzed by the DANR Analytical Labora-
tory. Weed densities were taken during
each cropping cycle in one 27-foot-by-
50-foot area per plot, whereas weed
seedbanks were evaluated by germina-
tion tests after washing seeds from soil
at four times during the study.

Since soil management is known to
affect certain diseases, such as corky
root disease (van Bruggen et al. 1990)
and Sclerotinia minor (Bell et al. 1998;
Jackson et al. 2002), root-susceptible
diseases were monitored. Corky root
disease was evaluated on a severity
scale from 1 (low severity) to 12 (high
severity). For corky root, 10 plants were
sampled per sampling point. The per-
centage of sampled plants with symp-

TABLE 1. Mean total soil C, total soil N, and bulk density in April, 2000*

Total soil C Total soil N Bulk density Bulk density
OM Tillage at 0–6 in. at 0–6 in. at 0–2.4 in. at 18–21 in.

Treatment treatment depth depth depth depth

 . . . . . . . % . . . . . . .  . . . . . . . g/cm3 . . . . . . .

+ Min. 1.51 0.163 1.16 1.47
- Min. 1.41 0.153 1.31 1.46
+ Conv. 1.48 0.160 1.25 1.33
- Conv. 1.37 0.149 1.36 1.41

Main effect F values
OM s s s ns
Tillage ns ns ns ns
OM x Tillage ns ns ns ns

* s = Data were significant at the 0.05 level.
ns = No significant differences were found.
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toms of Sclerotinia minor infection or big
vein was assessed in a 695-foot-by-13-
foot area per plot. Counts were made of
the number of Pea Leafminers that flew
and stuck to a sticky card in a bucket
cage containing one plant (n = 80).

Soil responses

After 2 years of cover crop and com-
post additions, total soil C and N in the
surface 0-to-6-inch layer were higher
than in non-amended soils (table 1).
The addition of OM amendments
caused bulk density to decrease in the
surface layer, but not at a lower depth.
Lower bulk density is known to be ben-
eficial for increasing water infiltration,
soil aeration, and root growth (Russell
1973), although no measurements of
these effects were conducted in this
study. Tillage treatment did not have a
significant effect on either total soil C or

N, or bulk density.
Soil microbial biomass C, which is a

measure of the active SOM, in the sur-
face 0-to-6-inch layer was responsive to
OM inputs (fig. 1). At the onset of the
experiment in July 1998, when only
compost had been applied in the +OM
treatments, no treatment differences
were observed before cover cropping
occurred. After the first cover crop in
September 1998, soil microbial biomass
(MBC) increased in the +OM treat-
ments, and typically remained higher
than the treatments with no OM inputs.
MBC in the −OM treatments was typi-
cally about 30% to 40% lower than in
the +OM treatments from the fall of
1998 through spring 2000. MBC was
affected little by minimum vs. conven-
tional tillage during most of the 2-year
experiment, but it was higher with
minimum tillage at the end of the

study, indicating that the active fraction
of SOM had begun to slowly increase
after this length of time.

Soil moisture content was substan-
tially higher in the surface layer after
the cover crops were grown due to irri-
gation (fig. 2). In 1999, this continued
through the winter. Minimum tillage
decreased the moisture content in the
surface layer beginning with the first
cover crop in September 1998. Al-
though the differences were small (i.e.,
1% to 2% gravimetric moisture), they
were consistent through the rest of the
experiment. Minimum tillage may have
resulted in impedance of lateral and
upward movement of water from lower
depths in the soil, and therefore in less
water in the surface layer where most
of the roots of the vegetable crops are
located (Gallardo et al. 1996).

Nitrate in the top 3 feet of the soil
profile was lower in the +OM treat-
ments, beginning with the first cover
crop in the fall of 1998 (fig. 3), undoubt-
edly due to the uptake of nitrogen by
the cover crop. Across both tillage
treatments, differences were largest be-
tween the +OM and −OM treatments
during the fall and winter (135 to 310
pounds nitrate-N/acre) and less when
crops were present (approximately
70 to 90 pounds nitrate-N/acre). Mini-
mum tillage also decreased nitrate in
the soil profile. There were approxi-
mately 45 to 135 pounds more nitrate-
N/acre with conventional than with
minimum tillage across both OM treat-
ments. The conventionally tilled soils
without OM inputs tended to have the

Fig.1. Soil microbial biomass carbon (MBC) in the 0-to-6-inch layer
of soil. Treatment effects are labeled for each sampling date when
the main effects of tillage (till) or organic matter (OM) or their
interaction (till*OM) was significant at P ≤ 0.05. Mean ± SE shown
only in the positive direction.

Fig. 2. Soil gravimetric moisture in the 0-to-6-inch layer of soil.
Treatment effects are labeled for each sampling date when the
main effects of tillage (till) or organic matter (OM) or their
interaction (till*OM) was significant at P ≤ 0.05. Mean ± SE shown
only in the positive direction.

TABLE 2. Mean crop dry weight and N content on four sampling dates
at the time of harvest maturity of each vegetable crop*

Lettuce Broccoli

OM Tillage
Jul 98 May 99 Aug 99 April 00

treatment treatment Dry weight N Dry weight N Dry weight N Dry weight N

. . . . . . . . . . . . . . . . . . . . . . . . . . . pound/acre. . . . . . . . . . . . . . . . . . . . . . . . .

+ Min. 3641.3 126.8 2504.9 92.8 2271.9 84.8 5578.4 227.9
- Min. 3497.6 111.6 2794.2 108.0 2156.8 82.1 5406.9 220.0
+ Conv. 3477.1 113.4 2685.2 100.0 2236.2 88.4 5749.4 237.4
- Conv. 3801.1 127.7 2639.7 103.6 2289.8 91.9 5651.7 235.7

Main effect F values
OM ns ns s sss ns ns ns ns
Tillage ns ns ns ns ns ss ss sss
OM x Tillage ss sss ss ss ns ns ns ns

* ns = No significant differences were found.
s = Data were significant at the 0.05 level.
ss = Data were significant at the 0.01 level.
sss = Data were significant at the 0.001 level.
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most nitrate in the soil profile, thereby
increasing the potential for nitrate
leaching below the root zone during
fall and winter rains.

Ammonium was typically less than
20 pounds N/acre in the top 3 feet of
the profile (data not shown) and so was
much lower than nitrate. In the surface
soil, ammonium was significantly
lower after cover cropping, but other-
wise did not show consistent responses
to the management treatments. Since
ammonium is rapidly converted to ni-
trate in these soils (Calderón et al.
2001), ammonium concentrations are
less indicative of N availability than are
nitrate concentrations.

Plant biomass and nutrient content

Lettuce and broccoli fresh weights in
1999 and 2000 were highest in the treat-
ment receiving conventional tillage,
cover crops, and compost (fig. 4). Addi-
tion of OM increased fresh weight or
dry weight, or both fresh weight and
dry weight, for crops produced in 1999
and 2000, compared to −OM treatments
(table 2, fig. 4). For the two 1999 lettuce
crops, minimum tillage decreased crop
fresh weight compared to conventional
tillage, but the type of tillage did not af-

fect dry weight. There may be a rela-
tionship with soil moisture since the
surface layer (0 to 6 inches) was drier in
minimum tillage treatments on both
sampling dates (fig. 2) as described
above. Soil moisture at lower depths,
however, was similar between the two
tillage treatments for these lettuce crops
(data not shown). For broccoli in 2000,
dry weight decreased with minimum
tillage, and fresh weight tended to be
lower with minimum tillage.

Nitrogen in the vegetable crops did
not show consistent treatment effects
(table 2). For example, uptake of N by
lettuce was lower with OM inputs only
in the May 1999 crop. Uptake of N was
also lower with minimum tillage in the
August 1999 lettuce crop, and the April
2000 broccoli crop. Minimum tillage re-
sulted in lower tissue phosphorus con-
centration in both 1999 lettuce crops
and the 2000 broccoli crop (data not
shown). Lack of disruption of lower
soil layers could have resulted in lower
temperatures and lower rates of net
mineralization in situ, as is typically
found in no-till soils (Silgram and
Shepherd, 1999).

Cover crop biomass and N were not
affected by tillage treatment in either
year. Aboveground biomass was 4,142
and 2,660 pounds dry weight/acre and
131 and 122 pounds N/acre in 1998 and
1999, respectively. The C:N ratio was 14
in 1998 and 10 in 1999, assuming that
carbon was 45% of plant dry weight, as
is typical of most plant material.

Weeds, insects and diseases

The most abundant weed species
were shepherd’s purse (Capsella bursa-
pastoris) and burning nettle (Urtica
urens). For samples taken in July and
December 1998, and July 1999, the den-
sity of shepherd’s purse plants was
lower where OM inputs had been
added (table 3). The density of burning
nettle plants was reduced in December
1998 and December 1999 in +OM treat-

TABLE 3. Effect of organic amendments and tillage system on burning nettle and shepherd’s purse
emergence densities at eight sample dates during 1998 and 1999*

OM Tillage
treatment treatment Jul 98 Dec 98 Feb 99 May 99 Jul 99 Aug 99 Nov 99 Dec 99

Burning nettle: . . . . . . . . . . . . . . . . .number of plants/yd2. . . . . . . . . . . . . . . . . . . . .

+ Min. 0.0 1.7 6.2 0.6 1.8 0.6 2.3 1.8
- Min. 0.9 6.2 8.0 1.5 4.8 0.8 nd 4.1
+ Conv. 0.8 3.6 3.3 0.4 4.8 1.1 3.6 1.1
- Conv. 0.9 5.8 1.8 0.4 4.1 1.5 nd 4.8

Main effect F values
OM ns s ns ns ns ns — ss
Tillage ns ns s ns ns ns ns ns
OM × Tillage ns ns ns ns ns ns — ns

Shepherd’s purse: . . . . . . . . . . . . . . . . .number of plants/yd2. . . . . . . . . . . . . . . . . . . . .

+ Min. 0.8   27.5 37.2 2.6 26.2 8.4 26.3 31.4
- Min. 3.8 97.4 68.1 6.4 78.7 16.6 nd 41.9
+ Conv. 0.9   25.9 19.2 3.2 35.7 1.7 29.8 8.6
- Conv. 1.8 85.0 27.8 3.9 72.9 3.2 nd 45.9

Main effect F values
OM s ss ns ns ss ns — ns
Tillage ns ns ns ns ns ns ns ns
OM × Tillage ns ns ns ns ns ns — ns

* The data are means.
nd = No weeds were present due to lack of irrigation in this treatment.
ns = No significant differences were found.
s = Data were significant at the 0.05 level.
ss = Data were significant at the 0.01 level.
— = No samples were taken because no weeds were present.

Two minimum-tillage treatments shown side by side: at left, the +OM treatment (cover
crops on bed tops and added compost); at right, the −OM treatment (no OM inputs
other than unharvested crop residues).
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ments, and by conventional tillage in
February 1999. More extensive analysis
showed negative correlations between
microbial biomass and weed densities,
possibly due to microbial effects on
weed emergence (Fennimore and Jack-
son, in press). Organic amendments
were associated with lower numbers of
viable burning nettle seed in the soil in
1999, but no other effects of tillage or
OM inputs on seedbanks of either spe-
cies were observed (data not shown).

Leafminers were present on both of
the lettuce crops that were sampled in
1999, but at higher densities in the fall
crop than the spring crop (data not
shown). All leafminers found were the
pea leafminer, Liriomyza huidobrensis,
and only a few parasites were found,
mostly Diglyphus intermedius. There
were no significant treatment effects.

Corky root disease, caused by
Rhizomonas suberifaciens, was lower in
the +OM treatments in May 1999, even
though the severity of this disease was
low throughout the field (data not
shown). Lettuce drop symptoms caused
by Sclerotinia minor were observed on
less than 2% of the plants, and there
were no treatment differences. Shallow
minimum tillage, however, has been
shown to increase this disease in other
studies, possibly because sclerotia accu-
mulate in the surface soil (Bell et al.
1998; Jackson et al. 2002). Downy mil-
dew, the most important foliar disease
of lettuce, was absent from all lettuce
crops. Big vein disease, which is caused
by a virus-like agent, was only present

Fig. 4. Fresh weight of the harvestable vegetables. Treatment
effects are labeled for each sampling date when the main effects
of tillage (till) or organic matter (OM), or their interaction
(till*OM) was significant at P ≤ 0.05. Mean ± SE shown only in the
positive direction.

Fig. 3. Soil nitrate pools in the 0-to-36-inch profile. Treatment
effects are labeled for each sampling date when the main effects
of tillage (till) or organic matter (OM), or their interaction (till*OM)
was significant at P ≤ 0.05. Deep layers of soil were not sampled in
April 1998. Mean ± SE shown only in the positive direction.

in the May 1999 crop. No evidence of
damping-off diseases was found, al-
though these diseases can be associated
with decomposing cover crop residue.

Economic analysis and fuel use

The grower supplied information for
each operation including the date, labor
and time required, and materials and
equipment used. Fresh yield data were
also provided for the entire field. Costs
and returns were then calculated from
the baseline data and crop yields, using
actual market prices and costs from lo-
cal input suppliers. The Budget Planner
program calculated total costs, gross re-
turns, monthly cash flow and equip-
ment schedules, and summaries of
water, fertilizer, energy and labor use
throughout each crop and cover crop
season for each of the four management
treatments. Rents were estimated to be
$1,000/acre/cash crop in this district.
Non-cash overhead includes equipment
costs. To convert yield data from the
grower (box/acre) for the whole field
to yield per treatment, we used the
relative differences in fresh harvestable
yield in 1.2-square-yard areas that had
been obtained from the same crop.

Production costs differed with each
management system, depending on the
amount of tillage and land preparation,
the use of a cover crop prior to plant-
ing, and the harvesting costs associated
with differences in crop yield due to
tillage or OM management (table 4).
The costs of using a cover crop resulted
in additional irrigation, seed, and till-

age costs, averaging $265/acre for each
cover crop. The costs (not including
harvest costs) of the four compost ap-
plications and two cover crops over the
2-year study period averaged $288/
acre/cash crop for the minimum till
+OM system, and $337/acre/cash crop
for the conventional tillage +OM sys-
tem. The difference in management
costs between minimum tillage and
conventional tillage was that mini-
mum tillage cost $575 less per acre for
the 2-year study. Approximately half
of the savings was in reduced fuel use
with an average reduction of 32 gal-
lons per acre. The rest of the savings
was in reduced labor and equipment
ownership costs.

Fuel use was 2.2- to 3.8-fold greater
with conventional tillage than mini-
mum tillage (table 4). Fall tillage opera-
tions to disk, chisel and shape beds
accounted for the largest difference be-
tween conventional and minimum till-
age operations. Incorporation of the
cover crop and compost utilized 10% to
30% of the fuel used for each of the
crops produced in the spring.

Net returns for the lettuce crops
were lowest in the conventional tillage
+OM system (table 4), despite the ten-
dency for higher harvest yields in this
treatment (fig. 4). The total returns
from higher yields were offset by the
costs of the OM inputs and increased
harvest costs compared to the conven-
tional tillage treatment that did not re-
ceive compost and cover crops.

For the broccoli crop in 2000, net
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returns were highest in the conven-
tional tillage +OM system, which pro-
duced higher fresh yields than the
other treatments (table 4, fig. 4). The
high management costs of this treat-
ment were compensated for by a
much greater yield increase for broc-
coli than for lettuce. Note that it was
not possible to collect samples on all
three dates when the grower har-
vested the broccoli crop. The small
plot data are for only the second har-
vest date. The data can be considered
a good representation of actual yield,
however, because the harvest on this
date was very much larger than any
of the other harvests.

The ranking of net returns for the en-
tire 2-year study is as follows (fig. 5),
from lowest to highest: minimum till-
age +OM inputs ($1,732/acre), conven-
tional tillage −OM inputs ($2,008/acre),
minimum tillage −OM inputs ($2,516/
acre) and conventional tillage +OM in-
puts ($3008/acre). The typical practice,
conventional tillage without OM inputs,
was not the most economically advanta-
geous for either lettuce or broccoli.

Above, deep subsoil tillage in the
conventional tillage plots after
the last lettuce crop in the fall.
Large blocks of soil are brought
to the soil surface, and thereafter
beds are shaped and smoothed.
Right, dried cover crop residue of
Merced rye cover crop on semi-
permanent beds after Sundance
tillage in the minimum tillage
+OM treatment.

TABLE 4. Economic analysis of all management costs and returns, and fuel use for the four vegetable crop seasons*

Lettuce Cover crop + lettuce Lettuce Cover crop + broccoli
Crop harvested July 1998 Crop harvested May 1999 Crop harvested Aug 1999 Crop harvested Apr 2000

Management Min Till Conv Till Min Till Conv Till Min Till Conv Till Min Till Conv Till
costs per acre ($) +OM −OM +OM −OM +OM −OM +OM −OM +OM −OM +OM −OM +OM −OM +OM −OM

Fuel, lube, repair 74 74 135 135 150 117 374 254 58 58 140 140 126 84 313 275
Machine labor 81 81 102 102 150 134 235 179 73 73 122 122 115 88 205 184
Non-machine labor 497 497 497 497 470 436 470 436 440 440 440 440 470 402 467 399
Harvest costs 4588 4452 4407 4679 3623 3816 4047 3893 5764 5531 6114 5881 3586 3299 6035 3437
Irrigation 99 99 99 99 89 74 88 73 132 132 132 132 106 83 105 81
Compost 177 0 177 0 177 0 177 0 177 0 177 0 177 0 177 0
Seed 100 100 100 100 125 100 125 100 100 100 100 100 125 100 125 100
Fertilizer 119 119 119 119 151 151 151 151 142 142 142 142 240 240 240 240
Herbicide 24 24 24 24 26 26 26 26 39 39 39 39 107 107 107 107
Other pesticide 190 190 190 190 149 149 149 149 172 172 172 172 0 0 0 0
Application fees 95 95 95 95 95 95 95 95 104 104 104 104 31 31 31 31
Cash overhead 4 4 7 7 9 7 22 15 3 3 8 8 8 5 19 17
Non-cash overhead 52 52 79 79 111 83 253 172 39 39 90 90 92 58 224 197
Interest on capital 69 62 71 67 97 71 127 87 75 68 82 75 96 69 132 86
Land rent 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Total costs 7170 6849 7100 7191 6422 6257 7338 6631 8318 7902 8860 8443 6280 5567 9181 6154

Returns per acre ($)

Total returns 8136 7894 7813 8297 5985 6304 6686 6431 9007 8643 9552 9188 6794 6251 11435 6512
Total costs 7170 6849 7100 7191 6422 6257 7338 6631 8318 7902 8860 8443 6280 5567 9181 6154
Net returns 966 1045 714 1105 -437 46 -652 -200 689 741 692 745 514 684 2254 358

Fuel (gal. per acre)

Diesel used 28 28 61 61 52 43 162 111 22 22 61 61 43 30 129 115

* Costs for the cover crop and its incorporation are included with the subsequent vegetable crop. The calculation of returns used $7.50 (lettuce) and $9.00 (broccoli) per box, which was
the Monterey County average for the sampling times of the study.
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Implications for management

There are trade-offs to consider with
the adoption of alternative OM and till-
age practices to improve soil quality. In
this study, soil quality was enhanced
by cover crops and compost due to in-
creased SOM and microbial biomass,
and reduced potential for nitrate loss.
Lower soil nitrate was not associated
with lower crop yield, as demonstrated
by the fact that highest fresh weight of
vegetables typically occurred in the
treatment using conventional tillage,
cover crops, and compost, for which ni-
trate tended to be lower in both shallow
and deep layers compared to lower-
yielding treatments.

Minimum tillage in our project in-
volved disking the top few inches of
soil on semipermanent beds. Neither
SOM nor soil moisture in the surface
layer increased with minimum tillage,
as might have been expected if mini-
mum tillage were similar to no-till
management elsewhere in the USA
(Carter 1991). Frequent surface tillage
probably disrupted the surface layer in
a similar fashion as conventional till-
age. The lack of soil disruption in lower
layers may have created differences in
compaction, aeration and temperature,

which could have affected water move-
ment and N mineralization at lower
depths, such that moisture in the sur-
face layer (0-to-6-inches depth) and ni-
trate in lower layers (6-to-36-inches
depth) were lower than with conven-
tional tillage and could have reduced
growth and N uptake of crops grown
with minimum tillage. Higher soil
moisture in the surface layer of conven-
tional tillage treatments, where lettuce
roots are densely congregated, may have
contributed to higher fresh weight of let-
tuce compared to minimum tillage.

In terms of a qualitative assessment
of soil quality, the system using mini-
mum tillage with OM inputs ranks
higher than other treatments. This
treatment tended to be associated with
higher total soil C and N, and lower
bulk density in the surface soil after
2 years, and higher soil microbial biom-
ass during much of the 2-year period. In
addition, the potential for nitrate leaching
below the root zone was lower than in
any other treatment. Yet, minimum till-
age with OM inputs did not produce
high vegetable yields, possibly due in
part to slight N, P and moisture limita-
tion, nor was it economically advanta-
geous despite low fuel and input costs.

Conventional tillage with OM inputs
appears to be a more attractive option
for farmers. This treatment enhances
some attributes of soil quality and also
produced high lettuce and broccoli
yields. Although the increase in lettuce
yield was not high enough to offset the
costs of using the OM inputs, economic
returns across the 2-year period were
highest for this system, largely due to
high yields of broccoli. If farmers were
to use this treatment with intermittent
use of minimum tillage (e.g., between
summer crops or to incorporate a cover
crop), they could effectively reduce till-
age costs and fuel use, without the del-
eterious effects on productivity that
were observed with continuous mini-
mum tillage over a 2-year period.
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