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Abstract. Four field experiments were conducted during 1988 to 1990 to evaluate the response to fertilizer P of six
crisphead lettuce (Latuca sativa L.) cultivars grown on Histosols. There were season × cultivar interactions for total
mass produced, marketable yield, and P uptake by lettuce. A significant yield response to fertilizer P was demonstrated
during all four seasons. The performance of individual cultivars within a given season led to cultivar × P rate
interactions for marketable yield. However, there were no significant P rate × cultivar interactions for total mass
produced, P uptake, and marketable yield during the one season when growing conditions were near ideal. Calculated
critical soil-test P values for both eastern and western lettuce types produced in Florida were all within error currently
associated with P fertilizer recommendations for lettuce produced in Florida. Therefore, we conclude that no immediate change in P fertilizer recommendations is required for the new western-type lettuce cultivars produced on
Histosols in Florida.

The production of high-quality crisphead lettuce depends to
a great extent on soil fertility. Under most conditions, lettuce
shows a pronounced yield and quality response to fertilizer P
(Alt, 1987; Greenwood et al., 1980; Sanchez et al., 1988). In
southern Florida, P fertilizer recommendations for lettuce grown
on Histosols (organic soils) are based on a water-extractable P
test (Sanchez, 1990), with a given recommendation at each soiltest value when the fertilizer is applied broadcast and -60%
less P when the fertilizer is to be banded (Sanchez et al., 1990).
However, these P recommendations for crisphead lettuce do not
consider the cultivar or type grown.
In the United States, crisphead lettuce is generally grouped
into eastern or western foliar types. Eastern type cultivars are
generally adapted to the Histosols and climate of the eastern
United States, while western-type cultivars are generally adapted
to the mineral soils and climate of the western United States.
The eastern lettuce type is represented by ‘Ithaca’, ‘Green Lake’,
‘Minetto’, ‘South Bay’, ‘Raleigh’, and others. Their leaves are
pale green with savoyed ruffled edges and have small basal stem
diameters. The heads are protected from the sun by large wrapper leaves that whorl above the head. The western lettuce types,
represented by ‘Vanguard’ and ‘Salinas’, have thick, smooth,
slightly undulated, dark-green leaves (Thompson and Ryder,
1961). The heads of western-type lettuce cultivars are generally
larger than eastern types and have a large basal stem diameter.
In many areas, there is a market preference for the western types
of lettuce. Hence, two recently released cultivars in Florida
(‘Florical 48060’ and ‘Florical 50011’) have western phenotypic
characteristics but are adapted for the organic soils and climate
of Florida (Guzman et al., 1990). Little information is available
regarding cultivar response of lettuce to fertilizer P, and we
have no information to indicate if these two lettuce types respond differently to P fertilizer. The objective of these studies
was to evaluate the yield responses to P of six lettuce cultivars
commercially produced in the United States.
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Materials and Methods
Four field experiments were conducted during 1988 to 1990
to evaluate the response of six crisphead lettuce cultivars to
fertilizer P. Weather conditions during each experiment and selected soil properties at each site are shown in Table 1. Experiments Fall 1988, Winter 1989, Winter 1990, and Spring 1990
were planted 22 Oct. 1988, 27 Jan. 1989, 10 Nov. 1989, and
28 Feb. 1990, respectively. Each cultivar was harvested at optimum maturity, defined as that point when heads would be
harvested commercially. All experiments were conducted on a
Pahokee muck (euic, hyperthermic Lithic Medisaprist). The P
rates selected were based on preplant soil test levels with the
intent of generating a meaningful response curve for each experiment. Phosphorus rates were 0, 25, 50, 100, and 200 kg P/
ha in Fall 1988 and 0, 50, 100, 200, and 400 kg P/ha for Winter
1989, Winter 1990, and Spring 1990. Triple superphosphate
was the P source in all experiments. The experiments were splitplot designs with five replications. Phosphorus treatments were
the main plots and were arranged in a randomized completeblock design with lettuce cultivars as the subplots. The main
plots measured 7.3 (eight 0.9-m beds) × 15.2 m. The subplots
were individual rows of six lettuce cultivars (‘South Bay’, ‘Raleigh’, ‘Salinas’, ‘Ithaca’, ‘Florical 48060’, and ‘Florical 50011’)
randomized in the center six beds of the main plot. A guard
row of ‘South Bay’ was planted on each border within the main
plot. ‘South Bay’ and ‘Raleigh’ are eastern-type lettuce cultivars
commonly produced on Florida Histosols (Guzman and Gull,
1984). ‘Ithaca’ is an eastern-type cultivar developed for the
mineral soils of New York and New Jersey but grown on Histosols and previously in Florida. ‘Salinas’ is a western-type
cultivar commonly produced in the western United States. ‘Florical 48060’ and ‘Florical 50011’ are cultivars having western
phenotypic characteristics and adapted to Florida conditions.
In all experiments, Zn, Mn, and B were applied at 9, 9, and
2 kg·ha–1, respectively. For each experiment, K was applied
based on a preplant soil test (Sanchez, 1990). Phosphorus, K,
and micronutrients were applied as a preplant broadcast and
disked into the soil before planting. Nitrogen was applied at 50
kg N/ha as a sidedress at the six-leaf stage. Water was supplied
using subsurface irrigation from field ditches by maintaining a
water table -60 cm below the soil surface (Snyder et al., 1978).
Lettuce was seeded in elevated double-row beds on 0.9-m
centers and thinned at the four-leaf stage to a 25cm intrarow
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Table 1. Weather conditions and soil properties for four field experiments conducted with crisphead lettuce during
1988 through 1990.

spacing to give an approximate population of 60,000 plants/ha.
Heads were harvested from 6 m of each of two rows per bed,
and marketable yields were determined after grading according
to standard marketing criteria (U.S. Dept. of Agriculture, 1973).
Two lettuce plants were collected from each plot at maturity
for mineral analysis. Plant material was dried at 60C for 48 h.
After wet ashing (Wolf, 1982), N and P were determined colorimetrically, and K, Ca, Mg, Zn, Fe, Mn, and Cu by atomic
absorption spectrometry. Soil samples were taken before planting and 30 days after fertilizer application. The samples collected 30 days after fertilization were taken at random from
within the lettuce bed to a depth of 15 cm. These samples were
analyzed for water-soluble P according to Sanchez (1990). Because of weather conditions, we were not able to take soil samples after fertilization in Spring 1991. Data were subjected to
analysis of variance using SAS GLM (SAS, 1982).
Results and Discussion
Weather conditions varied markedly among the four seasons
during which these experiments were conducted (Table 1), and
this variability in growing conditions is clearly reflected in lettuce response. The pooled analysis of variance for the four seasons shows highly significant (P < 0.01) season × cultivar
interactions for total mass produced, marketable yield, and P
uptake by lettuce (Table 2). The cultivar × P rate and season
× cultivar × P rate interactions were also significant for marketable yield but not for total mass produced or for P uptake by
lettuce. An analysis of variance for individual seasons shows
significant differences in marketable yields due to P rate and
cultivar during all seasons (Table 3). This result was expected,

since we selected sites that were low in soil P (Sanchez and
Burdine, 1988).
During Fall 1988, growing conditions were nearly ideal, and
lettuce achieved nearly the maximum yield attainable under Florida
conditions. During this season, the cultivar × P rate interaction
was not statistically significant, indicating that under these conditions all cultivars showed a similar response to fertilizer P.
During this season, yields averaged 49.1, 54.1, 56.3, 57.7, and
59.1 Mg·ha–1 at 0, 25, 50, 100, and 200 kg P/ha, respectively.
Total P uptake for Fall 1988 averaged 20.6, 24.4, 29.9, 32.7,
and 30.2 kg·ha–1 at 0, 25, 50, 100, and 200 kg P/ha, respec
tively.
The cultivar × P interaction for marketable yield was statistically significant during Winter 1989, Winter 1990, and Spring
1990. However, the lack of significant cultivar × P rate interactions with respect to total mass produced and P uptake and a
close inspection of the individual responses during each season
suggest that these P rate × cultivar interactions for marketable
yield were largely driven by the performance of individual cultivars within a given season (Table 4).
In Winter 1989, lettuce was grown on a site that had a
dense subsurface horizon (hard pan) which limited the effectiveness of subsurface irrigation. This site only received 63
mm of rainfall (Table 1) and soil moisture stress was a limiting factor. All cultivars showed a linear response to P during
this season. The relative degree to which each cultivar responded to P during this particular site-season probably was
greatly influenced by the ability of each cultivar to tolerate
the drought conditions.
In Winter 1990, the lettuce was subjected to a freeze on 24
and 25 Dec. During this season, ‘Salinas’ and ‘Ithaca’ produced

Table 2. Pooled analysis of variance for four seasons of P and cultivar effects on total
lettuce mass produced, marketable yield, and P uptake by lettuce. z

z

Analysis of variance conducted as split-split plot, where season is main plot, P rate (continuous variable) is subplot, and cultivar is sub-sub-plot.
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Table 3. Analysis of variance for P and cultivar effects on marketable lettuce yield by season. Z

z

Analysis of variance conducted as split plot, where P rate (continuous variable) is main plot and cultivars
are subplots.

Table 4. Marketable yield, P uptake, and total plant mass of six crisphead lettuce cultivars as affected by P rate during three seasons in
Florida.

*,**,NSSignificant linear (L) or quadratic (Q) response at P = 0.01 and 0.05 or nonsignificant at P > 0.05, respectively.
negligible -marketable yield. The significant interaction this year
was largely associated with the poor growth of these two cultivars under the conditions encountered. It should be noted that
‘Salinas’ is known to tolerate frost when grown in the western
United States, where temperature changes are more gradual.
However, under Florida conditions, where a freeze may immediately follow several days of high temperature (>27C),
‘Salinas’ apparently was not tolerant.
In Spring 1990, lettuce yields were limited by high temperatures. The significant P rate × cultivar interaction this season
was largely associated with fhe inability of ‘Florical 48060’ to
produce marketable yield during the warm weather.
The observation that the range of lettuce cultivars produced
in Florida shows a strong interaction with environmental conditions is well established (Burdine, 1971; Guzman, 1981). In
southern Florida, lettuce is planted every day, weather permitting, from 1.5 Sept. to 15 Mar. and harvested every day from
J. Amer. Soc. Hort. Sci. 117(5):721-724. 1992.

15 Nov. to 15 May. Stress conditions such as those encountered
in these experiments are not uncommon. The ability of individual cultivars to produce marketable lettuce heads under the various stress conditions encountered during Winter 1989, Winter
1990, and Spring 1990 undoubtedly influenced the ability of
these cultivars to respond to P fertilizer. However, with the
exception of seasonal trends in mean temperature, weather conditions in southern Florida are impossible to predict, and there
is little basis for adjusting P soil-test fertilizer recommendations
for season. This fact further compounds the complicated season
× cultivar × P rate interactions. Further, to the best of their
ability, growers plant cultivars best adapted to individual seasons. ‘Salinas’ is not well adapted to Florida conditions and is
not grown. ‘Florical 50011’ and ‘Florical 48060’ are generally
adapted to cool weather and are only planted from December
to January. Hence, soil-test P fertilizer recommendations that
are based on long-term probability and risk considerations must
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Fig. 1. Relative yield of four lettuce cultivars as affected by soil-test P level.

be made for production of economically optimal yields under
nearly optimal conditions (Alvarez and Sanchez, 1991).
Phosphorus fertilizer recommendations for lettuce produced
on Florida Histosols are based on a water-soluble P soil test
(Sanchez, 1990). Currently, P fertilizer recommendations are
made for lettuce produced on all soils with P test levels <22
mg·dm –3. The amount of P applied depends on the degree to
which the P soil test is below the critical level (Sanchez and
Burdine, 1988). The relationship between relative yield and soiltest P obtained in these experiments indicates that the critical
soil-test P levels for all cultivars produced in Florida (Fig. 1)
are within error of that currently used to make P fertilizer recommendations for lettuce produced on Histosols in Florida.
In conclusion, there were no significant P rate × cultivar
interactions for total mass produced and P uptake. There was
no significant P rate x cultivar interaction for marketable yield
during Fall 1988 when growing conditions were near ideal. Calculated critical soil-test P values for both eastern and western
lettuce types produced in Florida were all within the error of
the critical concentration currently associated with P fertilizer
recommendations for lettuce produced in Florida. Further, growers
generally plant cultivars best suited to individual seasons.
Therefore, we conclude that no immediate change in P fertilizer
recommendations is required for the new western-type lettuce
cultivars produced in Florida.
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