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Crop Rotation Minimizes Losses from
Corky Root in Florida Lettuce
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Abstract. The severity of corky root disease (Rhizomonas suberifaciens Van Bruggen
et al.) increases with continuous lettuce (Lactuca sativa L.) cropping and exerts a
negative impact on the quantity and quality of the lettuce produced. Experimental data
from commercial fields were used to analyze profitability outcomes resulting from
various management strategies, including cultivars, locations, and field cropping his-
tory, to control corky root. Regardless of the field cropping history, net returns were
not negatively affected when resistant cultivars were planted. For susceptible cultivars,
even when considering land development costs, producers maximize net returns by
planting lettuce following sugarcane in land not previously cropped to lettuce. After
the first crop of lettuce following sugarcane, yields slowly decreased but remained
profitable for three to four crop cycles.
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Corky root (CR) of lettuce is a disease
caused by Rhizomonas suberifaciens (van
Bruggen et al., 1990) that has been reported
in several production areas of the United States
and other countries (Busch and Baron, 1963;
Datnoff and Nagata, 1990; D’Ercole, 1981;
van Bruggen et al., 1989). This disease has
been observed in Florida since the 1970s and
CR-resistant crisphead lettuce cultivars have
been developed to replace some of those sus-
ceptible (Datnoff and Nagata, 1992, Guz-
man, 1984).

Other than the use of resistant cultivars,
crop rotation is the only viable means of con-
trolling losses due to CR. Although soil fu-
migation is effective in controlling CR, it is
prohibitively expensive under field condi-
tions (O’Brien and van Bruggen, 1990). The
general practice in Florida is to rotate veg-
etable production with sugarcane. In the ma-
jority of cases, and because lettuce is cropped
more intensively than other crops, when land
is prepared for lettuce production it is farmed
as long as possible to spread land develop-
ment costs (roads, ditches, culverts and
pumps, fertilization, laser leveling, and weed
control) over as many crops as possible.

In normal market conditions, and in times
of excess supplies, lettuce is marketed in 1.6-
kg cartons that contain 24 heads averaging
at least 785 g each, for a total weight of at
least 20 kg. When supplies are short, the
market will take cartons weighing as little as
16 kg. Although CR exerts a negative impact
on yield and quality, the impact of CR on
lettuce profitability depends on market con-
ditions at the time of selling.

Research in Florida has provided esti-
mates of losses in weight and the number of
marketable heads for resistant and suscepti-
ble cultivars at various levels of disease se-
verity (Datnoff and Nagata, 1992). There were
wide variations in yield losses due to field
history and cultivars. We undertook this eco-
nomic analysis to compare the profitability
outcomes resulting from several CR man-
agement strategies that included cultivars,
locations, and cropping history.

Field studies. We used data from experi-
ments conducted on commercial fields dur-
ing Fall 1988 and Spring-Fall 1989 to perform
the economic analysis. The production prac-
tices used have been described in detail (Dat-
Data handling. For each location, we
counted the number of heads with a weight
of at least 785, 690, and 596 g that would
correspond to carton weights of 20.4, 18.1,
and 15.9 kg, respectively, for both the re-
sistant and susceptible cultivars. We then di-
vided that number by 160 to obtain the
percentage of the crop falling into each of
the three marketing categories in each loca-
tion (Table 1). The percentage figures were
then multiplied times the 60,000 plants/ha
and divided by the 24 heads contained in
each carton (Table 2).

Economic analysis. We derived profita-
bility outcomes for the management strate-
gies from the following profit equation: E( π )
= [PL, × Y i,(X)] - [H × Yi(X)] - PHC;
where E( π ) = expected value of profits
(dollars/ha); PL = price of lettuce (dollars

noff and Nagata, 1992). Briefly, the CR-
resistant crisphead cultivars Raleigh and South
Bay and the CR-susceptible ‘Ithaca’ and
‘Shawnee’ were planted in a randomized
complete block design with eight replica-
tions in locations A, B, C, D, and E on the
same date. Locations A and B had been
cropped continuously to lettuce for the past
6 years; Location C was in lettuce produc-
tion for 3 years. Locations D and E had been
in sugarcane production for the past 20 years
and never cropped to lettuce. Total above-
ground fresh and marketable trim weights
were recorded at harvest maturity using stan-
dard grading procedures (U.S. Dept. of Ag-
riculture, 1973).

We randomly harvested 10 heads of each
cultivar in each of the eight replications, for
a total of 160 observations/cultivar in each
location.
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per carton); Yi(X) = implicit lettuce yield
function (cartons/ha); i = the ith location
(A, B, C, D, or E); H = harvest and mar-
keting costs (dollars per carton); and PHC
= total operating preharvest costs (dollars/
ha).

We used data from various sources, Prices
of $6, $7, and $8/20.4-kg carton for normal
market conditions (usually from February
through May) and of $10, $11, and $12/tar-
ton of the three weights described above for
times when supplies are short (usually from
October through January) were selected as
based on the historical range observed from
the 1982-83 through 1988-89 season (Flor-
ida Dept. of Agriculture and Consumer
Services, 1990). Lettuce yields were ob-
tained from the experimental data shown in
Table 2. Total operating preharvest costs were
$3045/ha, while harvest and marketing costs
were $3/carton (Taylor and Smith, 1990).
We also calculated expected net returns

during the 1988-89 and 1989-90 seasons.
We used the same data, except for the total
operating preharvest costs of $2912/ha for
the 1988-89 season (Taylor and Smith, 1989),
and the actual prices from November through
May (Florida Dept. of Agriculture and Con-
sumer Services, 1990).

Under markets with both normal and short
supplies, the expected net returns reflect the
yields in Tables 1 and 2 (Table 3). For re-
sistant cultivars, a consistent relationship be-
tween CR and profitability is not present.
Although net returns decrease from locations
D and E to location C, they increase in lo-
cation B and decrease again in location A.
Environmental and/or cultural factors, and
not CR, are probably responsible for that in-
consistency. In the case of susceptible cul-
tivars, there is a consistent negative rela-
tionship between the amount of CR in the
field and profitability. Net returns descend
from newly developed fields (locations D and
E) to fields in lettuce production for 3 years
(location C) and, finally, to fields that had
been continuously cropped to lettuce for 6
years (locations A and B). Apparently, in-
oculum density of the pathogen increases over
time in fields continuously cropped to let-
tuce.

The $3045 negative net returns shown in
Table 3 are the total operating preharvest costs
incurred when unfavorable market condi-
tions are present. Other negative expected
net returns represent the potential losses when
yields are not high enough to recover pre-
harvest costs. In those cases, producers have
the choice of abandoning the field or har-
vesting to minimize losses due to CR.
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The previous discussion becomes more
relevant when analyzing the incidence of let-
tuce prices. Time series data from the 1982-
83 through 1989-90 season include 58 av-
erage monthly prices (Florida Dept. of Ag-
riculture and Consumer Services, 1990).
Average monthly prices of up to $8/carton
(defined as normal supplies) occurred 31 times
(53%), while those higher than $10 (defined
as short supplies) were present 13 times
(22%), with the remaining 14 prices falling
in between (24%). If the price incidence of
the past eight seasons is a true indicator of
price probabilities, producers can expect to
market only 20.4-kg cartons ≈ 53% of the
time and all carton types ≈ 22% of the time.
In addition, 20.4- and 18.1-kg cartons can
be marketed ≈  24% of the time. Since prices
show a seasonal pattern, lettuce profitability
depends on the time of year the crop is pro-
duced.

Florida producers, however, market their
lettuce throughout the season, i.e., from No-
vember to early May. When the actual prices
of the last two seasons are used in the cal-
culation of expected net returns, the results
show the negative impact of CR on lettuce
profitability and indicate a potential CR
management strategy (Table 4). Abstracting
from other environmental factors, the differ-
ences in expected net returns between resis-
tant and susceptible cultivars in locations A
and B (in lettuce production for the previous
6 years) show the devastating impact of CR
on lettuce profitability. The return figures
from both seasons parallel the results ob-
tained in Table 3: a) no consistent relation-
ship between CR and profitability is present
with resistant cultivars; b) expected net re-
turns with susceptible cultivars decrease from
locations D and E to C and to A and B; and
c) expected net returns from resistant culti-
vars are higher than those from susceptible
cultivars in locations A and B, but both are
very similar to returns in the other locations.

Land development costs were not included
in the economic analysis. A land develop-
ment cost of $717/ha was suggested by local
producers. After dividing it by 10, to ac-
count for the 4 years in production with 2.5
crops per year, we arrived at a figure of $72/
crop. From an economic standpoint, it is rea-
sonably clear that marketing implications
override everything else. For example, if we
were to amortize $717 at 12% over 4 years
(borrowed on annual basis and paid an-
nually), the resulting figure would be $240/
year or $96/crop. That figure is relatively
insignificant given the magnitude of the data
based on the market conditions shown above.

The previous analyses indicate that no ro-
tation is needed when resistant cultivars are
planted, at least for the duration of our ex-
periments. For susceptible cultivars, even
considering land development costs and land
availability, producers maximize net returns
by planting lettuce in newly developed sugar-
cane fields since yields remain profitable for
3 to 4 crop cycles. If production with sus-
ceptible cultivars extends for a longer pe-
riod, negative net returns can be expected
when prices reflect market conditions with
both normal and short supplies. Since more
than half of all cultivars planted in Florida
are susceptible to CR, the rotation suggested
will minimize losses from CR while the in-
dustry increases the availability of resistant
cultivars.
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