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The purpose of this publication isto review and
summarize the historical Florida research literature
on nitrogen (N), phosphorus (P), and potassium (K)
fertilization of potato. The research has provided the
scientific basis for the Extension standardized
fertilization recommendations that further form the
basis for potato best management practices (BMPs).
This publication is an updated version of a previous
research literature review (Hochmuth and Cordasco,
2000). This updated review includes reports of
research conducted since 1996 and expands on the
role of irrigation in managing fertilizer for crop
nutrient efficiency and environmental protection. The
audience for this publication includes educators, such
as Extension specialists and county Extension faculty
members, private consultants, commercial potato
producers, and governmental agenciesinvolved in
environmental regulations.

Potato is an important crop in Florida's
agricultural economy. Potato production in Floridain
2007 represented 9.8% of the $1.65 billion state
vegetable industry
(http://www.florida-agriculture.com/

fass_activities.htm). Eighty percent of potatoes
grown in the state are harvested between May and
June during what is considered the spring growing
season. Of this amount, 85% are harvested from the
Hastings or “ Tri-county” areain northeastern
Florida, including Flagler, Putnam, and St. Johns
Counties, and the remaining potatoes are harvested
from other areas across northern Florida, such as
Suwannee County. Potatoes, are harvested in January
through April from the state s winter planting areas
in southeast (Dade County), southwest (Collier,
Manatee, and Lee Counties), and also Okeechobee
and Brevard Counties, Florida.

Potatoes are grown on sandy soilsin most
production areas, and fertilizer isrequired for
economical crop production. The current nutrient
target recommendations for potatoes are 200, 120,
and 140 Ib/acre N, P, 05, and KZO (Hochmuth and
Hanlon, 2000; Hutchinson et al., 2008). The research
prior to the late 1990s was summarized by Hochmuth
and Cordasco (2000). Before that time the potato
nitrogen (N) fertilizer recommendation was 175
Ib/acre N (Stall and Sherman, 1984), with additional
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N from supplemental applications following leaching
rain. Following the research review in 2000, the
target N fertilizer recommendation was increased
from 175 to 200 Ib/acre. The studies through the late
1990s suggested 200 Ib/acre of N as part of BMP for
potato (Hochmuth and Cordasco, 2000). The
potassium recommendation was uncoupled from the
Mehlich-1 soil test because soil testing research failed
to accurately and consistently predict crop response
to K fertilization on the sandy soils. In other words,
the research showed that accurate predictions of K
needs were not consistent enough to warrant a
recommendation to use a soil test for K fertilizer
recommendations (Hochmuth et al., 1993a; 1993b).
An “across-the-board” recommendation of 140
Ib/acre K 2O was instituted for any soil-test result. The
recommended rate of applied P for soilstesting low in
Mehlich-1 P is 120 Ib/acre PO, Thisamount is
reduced to 60 Ib/acre PO, when potato is grown on
soils having medium extractabl e soil-test values of
this nutrient, and O Ib/acre when high or very high
Mehlich-1 soil P values are present. Potato growers
fertilization rate practices in the late 1980s were
about 270-100-270 Ib/acre (N-P,O.-K ,O)

(Hochmuth et al., 1993a; 1993b; Kidder et al., 1992;
Weingartner et al., 1999). A recent reference to
“average grower N practices’ by Simonne and
Hutchinson (2005) indicated that grower N rates
remained about the same in the mid 2000s.

The early research focused largely on potato
agronomic yield and tuber quality (yield grade and
tuber specific gravity) in response to fertilization.
These attributes were important criteriafor potatoes
destined for the processing (chipping) markets. Since
the early research was conducted and the first
literature review, there have been increasingly strong
interests in the incorporation of environmental
impacts (water quality) into the research. In the
Tri-County Agricultural Area (Livingston-Way,
2000), and for the state (FDACS, 2005), there has
been more formalizing of BMPs and more interest in
encouraging growers to implement BMPs. The
definition of a BMP includes consideration of
economics and environmental components, and that a
BMP should embody the best available science. The
establishment of a Total Maximum Daily Load
(TMDL) (Magley and Joyner, 2008) and a basin
management action plan (BMAP) (FDEP, 2009) for

the Lower St. Johns River will mean continued efforts
to encourage potato growers to adopt BMPs and to
increase the effort on the part of IFAS to conduct
needed education programs to improve the adoption
and effectiveness of BMPs.

Potato fertilization research has been conducted
in Florida for more than sixty years by numerous
scientists. During this time, changes have occurred in
potato production practices, including new cultivars,
refinements in fertilizer application timing, use of
fertilizer recommendations based on soil nutrient
analysis, use of nematicides, and improved weed and
pest management practices. The purpose of this
publication is to review and summarize potato
fertilization research in Florida, including new
research since the late 1990s when the last summary
(Hochmuth and Cordasco, 2000) was written. This
research summary should form the basis for analyses
of University of Florida Extension recommendations
for potato fertilization. Almost al potato research has
been conducted using subsurface irrigation, but this
summary will identify those studies conducted with
other irrigation methods, such as sprinkler irrigation.

Data Summary Method

Evaluation of potato yield responsesto varying
rates of applied fertilizer required a standardized
method of summarizing statewide yields, which were
expressed variably as kg/ha, Mg/ha, tons per acre, or
cwt/acre. In addition, potato yields varied depending
on season, weather conditions, cultivar, and location
in the state. Relative yield (RY), acalculated
percentage, was chosen as the unit to express potato
yield responses to fertilization. Relative yield isan
accepted scientific method for summarizing and
presenting data across wide sources and reports
(Brown, 1987).

In hisbook, C. A. Black (1992) summarizes the
advantages and disadvantages of the RY approach.
There are valid statistical limitations about RY, but
he concludes the RY approach can be useful in
displaying general relationships when applied
properly and cautiously. Black demonstrates
examplesin his book where RY yield is helpful and
where it was not. We chose the RY approach because
we wanted to display the historical data without
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making biased decisions about what to includein the
presentation. Plotting absolute yield datain original
units across many studies obviously would result in a
scatter of data rendering any general interpretation
impossible. Black (1992) points out that decisions
can always be improved with further research, but the
data on hand are the best we have at the time. The
highest yield for each fertilizer experiment was
assigned a 100% value, and other yields were
expressed as a percentage of the highest yield. The
actual yield corresponding to 100% RY was
presented as the number of cwt/acre. The RY swere
plotted against rates of nutrient to determine how
potato yields responded to fertilizer in Florida. The
RY presentation allowed data from avariety of
experimentsto be included in the graphical summary
of yield responses. For most studies, actual yields
corresponding to RY s from 90 to 100% were not
significantly different. The usefulness of the RY
approach is further illustrated with potato data later in
this review paper near the end of the sectionon N
fertilization.

Sometimes the argument is made that growers
have expectations of greater yields than those
obtained in research projects or that yieldsin research
plots are not as great as expected commercial yields.
It isinteresting to note in this regard there are reports
of research yields in excess of 350 cwt/acre even as
far back as 1955 (Mccubbin, 1956; Myhre et al.,
1955). Redligtic, regularly obtainable yields are more
reliable than expected yields or “yield goals.”
Research on this subject (using corn) has documented
that 20% of growers actually reached their yield goals
and only 50% reached 80% of their yield goals
(Schepers et d., 1986). Therefore, growersrarely
achieve their stated yield goal, which means that
fertilizer rates should not be set on unrealistic
expectations, but rather on realistic documented goals
based on research. This practice of using yield goals
to set fertilizer rates is not recommended in Florida,
so the effect of over-fertilization has been avoided by
grounding expectations in measurement of observed
yields. In effect, the current Florida fertilizer
recommendation includes a component that addresses
growers' concerns about yield expectation versus
actual production capability. Throughout the years,
scientists have conducted many replicated
demonstration studies in growers fields, with true

commercial production practices, and those studies
areincluded in thisreview. Excessive fertilizer was
justified in times past when fertilizer was viewed as
inexpensive insurance against yield loss, before
potentia impacts to the environment were clearly
understood. Research with numerous crops, including
potato, has shown that nutrient-use efficiency
declines as nutrient rate, especialy N, increases.
Even given the best of production systems, N-use
efficiency rarely exceeds 70% of the applied N.
Concepts and practices for managing nutrientsin
vegetabl e production were summarized by Hochmuth
(19924, b; 2000). Whilefertilizer rate is reported in
pounds per acre (Ib/acre), the reader should keep in
mind that the bed system used in each field may vary
and require adjustmentsto the fertilizer rate. To

address thisissue, the linear bed foot concept can be
used to convert among the various bed designs with
and without spray rows or ditches (Hanlon and
Hochmuth, 1989; Hochmuth and Hanlon, 2009).
Additional cultural practicesfor commercial potato
production can be found in Chapter 2 of the

V egetable Production Guide (Simonne and
Hochmuth, 2010).

The fertilization recommendation addresses
commercial yield and quality, the economics of crop
production, and protection of the environment.
Equally important isto have a mechanism available
to the grower to adjust fertilization practices during
the season due to leaching rains and extension of the
growing season for additional harvests when market
conditions are favorable. To address al of these
concerns, UF/IFAS vegetable recommendations are
given as asingle target fertilizer rate that is projected
to be sufficient for meeting the crop fertilizer needs
for most growing seasons. This single target fertilizer
rate is arecommended starting point and has been
used historically in al vegetable fertilizer
recommendationsin Florida, aswell as around the
country. The target recommendation approach with
footnotes was used by Montelaro (1978) and
confirmed by Hochmuth and Hanlon (1995; 2000).
The target value was derived from numerous fertilizer
studies and represents a reasonabl e fertilizer rate that
reflects the average maximum crop responses from
all of the fertilizer research, not the extremesin
responses. However, the recommendation process
recognizes some growing seasons are different due to
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more leaching rains or increases in crop value that
can lead to prolonged harvest windows. Hence, the
target fertilizer amount is accompanied by a series of
footnotes that explain the addition of supplemental
fertilizer during the growing season, which includes
addressing leaching rains and additional harvests near
the end of the season. It islogical to select asingle
target rate based on research that avoids excessive
fertilizer applications that often reduce crop nutrient
efficiency and increase the potential for
environmental degradation. Keeping nutrientsin the
soil profile and available for potato plant uptake
requires proper irrigation management. Information
isregularly updated because of the critical nature of
irrigation and drainage management with respect to
nutrient uptake by the plant and possible loss of
nutrients to the environment (Simonne et a., 2010).

Another tool for measuring nutrients that
contributes to appropriate management of fertilizer
includes plant tissue and/or plant sap sampling. For
interpretation of plant and petiole sap values, see
Hochmuth (1994 a, b) and Hochmuth et a. (1991b;
2009).

Nitrogen Mixed-Fertilizer Trials

Mixed N-P-K fertilizers were used in potato
trials from 1947 through 1967 to establish crop
nutrient requirements and evaluate fertilizer
application methods (Fig. 1). Attributing crop
response to a single nutrient, however, could not be
done with certainty from a blended N-P-K material.
Since N was likely the most limiting nutrient in sandy
soils, yield responses in mixed-fertilizer studies are
considered here as most likely responsesto N and
therefore yield is plotted against the N content in the
fertilizer material. All trials discussed in this section
were conducted in Hastings, Florida, unless
otherwise indicated.

Evaluations of yield responses to side-dressed
fertilizer continued in 1954 and 1955, with side-dress
mixed-fertilizer applications made in addition to a
base (at planting) application of 120 Ib/acre N. In
1954, 30 Ib/acre N was side-dress applied in
experiments on Leon, Bladen, and Rutledge fine sand
soils. Yield on the nutrient-poor, Leon fine sand soil
was greater with the 30 Ib/acre side-dress application,
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Figure 1. Relative yield of potatoes for experiments,
years, and seasons (in parens) as a function of added N
(mixed fertilizer).

150 Ib/acre total N (187 cwt/acre, 100% RY), than
with the base fertilizer application only (86% RY).
Similar yields resulted with or without the side-dress
fertilizer application on the heavier Bladen and
Rutledge fine sand soils. High yields occurred each
year with the base-mixed-fertilizer application
supplying 120 Ib/acre N, resulting in 285 cwt/acre
and 257 cwt/acre, respectively. Yieldsin 1955 on
Bladen fine sand soils were also unaffected by
additional side-dressed fertilizer. High yield resulted
this season with 15 Ib/acre of side-dressed N, 135
Ib/acretotal N (191 cwt/acre, 100% RY) and did not
increase with 30 or 60 Ib/acre side-dressed N to 180
Ib/acre total N. Researchers concluded that
side-dressed fertilizer had little yield effect on dark
sand soils, but when applied to light sand soils, yields
were significantly improved. The soil organic matter
concentration, not measured in these experiments,
was described as moderate for both the Bladen and
Rutledge fine sand soils.

Soil moisture content, seeding rate, and
fertilization were factors managed by growersto
increase potato yields (Myhre et al., 1955).
Researchers conducted afactorial experiment using
sixteen soil moisture levels, four N rates, and two
seeding rates on Bladen loamy fine sand sail,
considered an “old” potato production soil (soil
that had been in potato production for many years).
Soil moaisture concentrations were achieved by
running water through every other furrow. The water
height in the “wet” furrow was maintained at 4
inches below the bed top. All plants received
6N-8P205-8K20 as 100 Ib/acre N at planting and an
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additional 40 Ib/acre N, 40 days from planting. Total
applied N treatments were 140, 170, 200, and 230
Ib/acre from additional side-dress applications of 30
Ib/acre N from NaNQ,, 58 days after planting
(treatment 2), 60 Ib/acre N from 6N-8P205-8K ,0,18
days before planting (treatments 3 and 4), and 30
Ib/acre N from NaNQ,, 58 days after planting
(treatment 4). The greatest yields occurred with the
seeding rate of 2,450 Ib/acre or seeds spaced 8 inches

apart.

Soil moisture concentrations were 12, 10, and
8%, respectively considered wet, center-bed moist,
and dry, as estimated on an oven-dry basis. The
highest potato yields resulted from moist soil-water
conditions, lower yields from dry field conditions,
and lowest yields from wet soils where root knot
nematodes and pink rot disease reduced yields. Total
marketable yields were nearly double the local
averageyields of 160 cwt/acrein 1955. Marketable
yields were similar with all N rates, with 100% RY
resulting from 200 Ib/acre N (307 cwt/acre).
Marketable yields with 140, 175, and 235 |b/acre N
were 98%, 99%, and 96% RY/, respectively.
Researchers noted no yield advantage from
application of 60 Ib/acre N three weeks before
planting, compared to O preplant N, but suggested
additional studieswere needed to confirm the
findings of thistrial.

Experimentation to increase yield continued as
researchers evaluated the profitability of potato yields
from plants grown 13 inches apart to plants grown 10,
8, 6.5, or 5.6 inches apart (McCubbin, 1956).
Experiments were conducted on leveled land with
furrows for subsurface irrigation. Yield results were
presented for each seeding rate. Fertilizer from
6N-8P205-8K20 was banded on each side of the plant
row before planting to supply from 70 Ib/acre to 255
Ib/acre N, with the higher N rates applied with the
closer seed spacing rates.

In 1943 to 1953, the optimum seeding rate for
potato was determined to be 2,450 Ib seed/acre or
seeds spaced 8 inches apart in rows 40 inches apart.
After leveling the field and improving theirrigation
system, researchersin 1956 again found the 8-inch
seed spacing to be the most profitable for potato
production based on the net profit after sale of US 1A

and US 1B grade potatoes. Optimum yields occurred
with this seed spacing with 165 Ib/acre N (355
cwt/acre, 100% RY). Yields of 383 cwt/acre resulted
from potatoes spaced 5.6 inches apart and fertilized
with 255 Ib/acre N, but profit was reduced 6% by the
higher costs associated with the closer seed spacing.

Attempts at finding material to enrich the organic
matter composition of Florida sand soils were
marginally successful with application of eight- to
ten-year-old pine sawdust applied at 0, 5, 10, 15, or
25 tonsg/acre (Locascio et al., 1961). Experiments
were conducted on Kanapaha fine sand soils near
Gainesville. Applied sawdust was disked into the
upper 6 inches of soil with N at 0, 50, or 100 |b/acre
(from 6N-8P,0.-8K 2O) applied broadcast.
Additional fertilizer from 6N-8P205-6K20 was
banded in the row at 120 Ib/acre N in 1957 and at 180
Ib/acre N in 1958. Yield responses were averaged
over four rates of applied sawdust for each rate of
applied N in potato experiments conducted in 1957
and 1958. Marketable US No. 1 and 2 potato yields
were not affected in either season by the rate of
applied N or by the rate of applied sawdust. High
yields occurred with 120 Ib/acre N (187 cwt/acre,
100% RY) and with 180 Ib/acre N (178 cwt/acre,
100% RY), in 1957 and 1958, respectively. Soil
organic matter, tested in 1958 with the
Walkley-Black method, had not changed one year
after application of 0 tons/acre of sawdust, 1.81%
organic matter, compared with 25 tons/acre of
sawdust, 1.85% organic matter.

Black polyethylene mulch had a positive effect
on potato yield and quality (increased yield of size
grade A potatoes) in 1961 and 1962 experiments
(Hensdl, 1962b), but had a negative effect on yield
and potato quality (specific gravity) when the
planting season was delayed one month to February
14in a 1964 experiment (Hensel, 1967). All black
polyethylene mulch treatmentsin 1965 resulted in
higher yields than unmulched treatments with three
planting dates, January 13, 27, or February 10, and
two harvest dates, April or May (Hensel, 1968). As
the planting date was delayed in 1965, yields of
polyethylene mulched and unmulched plants
increased. In 1966, only January-planted,
polyethylene, or aluminum-foil mulched potatoes
resulted in higher yield than unmulched potato plants.
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February-planted potatoes yielded similarly this
season whether mulched or unmulched. The 1961 and
1962 experiments were conducted on Ona fine sand,
while the remaining experiments were conducted on
Rutledge fine sand.

No interaction occurred between mulch and
fertilizer ratesin 1962 through 1964. Yield responses
toincreasing N rates from 6N-8P,0.-8K O fertilizer
were averaged over mulched and unmulched
treatments. In 1962, yield responsesto N rates 55,
110, or 160 Ib/acre were optimized with 110 Ib/acre
N (147 cwt/acre, 100% RY) (Hensel, 1962b). In
1963 and 1964 (Hensel, 1967), yields responded to N
rates 75, 115, or 150 Ib/acre and were optimized with
150 Ib/acre N in both seasons (213 and 193 cwt/acre,
respectively, 100% RY's).

Older research mostly with mixed N-P-K
fertilizers supported the previous fertilizer
recommendations (Montelaro, 1978) for irrigated
potato production on mineral soils. These older
recommendations were based on levels of mixed
fertilizers, typically using 6-8-8 (N-PZOS-KZO)
mixture. The recommendations were
15ON-120P205-200K20 with 1 to 3 supplemental
applications of 30-0-30 (Ib/acre), depending on
length and intensity of rainfall.

Nitrogen-single Nutrient
Experiments

Potatoes are produced in Floridawith several
irrigation methods, most with the subsurface
(seepage) irrigation method. The early research
largely conducted in the northeastern part of the state
was done with the commonly used subsurface
irrigation system. This system is used in southwest
Florida but no research reports could be found that
were conducted in that part of the state. However,
potatoes in Dade County and some areas in northern
Florida are grown with sprinkler systems. Nitrogen
research results are presented by irrigation system,
with sprinkler irrigation in Fig. 2, subsurface
irrigation in Fig. 3, and combined in Fig. 4. This
separation was done to determine if there might be
differencesin fertilizer needs of crops grown with
different irrigation systems. Based on limited data
with sprinkler-irrigated potato presented below there

appears to be no difference between potato nitrogen
fertilizer needs based on irrigation system. This
conclusion islogical since the goal of afertilizer
program isto fertilize the plant and should not be
dependent on the irrigation method per se. If there
were variationsin fertilizer needs based on irrigation
system, then there might be certain inefficiencies
associated with a particular irrigation method or with
the management of the system. Seepage irrigation
can supply the entire crop water requirement similar
to a sprinkler system; however, seepage is arelatively
inefficient system and ~80% of the applied water is
lost (Mylavarapu, et al. 2008 report to SIRWMD).

As of the late 1990s, fertilizer application
recommendations for potato specified no fertilizer
application before planting (Kidder et a., 1992). This
recommendation was made to minimize the chance
of N leaching or runoff before the plants emerged
with aroot system that could take up the fertilizer,
and was supported by earlier research (Myhre et al.,
1955). Nonetheless, growerstypically do apply
preplant fertilizer containing some N and P, and large
amounts of K. Band-applied fertilizer is
recommended by IFAS Extension at planting or at
crop emergence for al applied P,O,, 70 Ibs/acre K,0,
and 60 to 90 Ib/acre N with side-dress application of
theremaining N and K fertilizers 35 to 40 days | ater.

Potato yield (sprinkler irrigation in Live Oak)
was unaffected by waiting until plant emergenceto
make the first application of N (Hochmuth and Jones,
2004). Thisreport isthe latest research to support a
recommendation of waiting until planting or plant
emergence before making the first application of N.
An earlier study (Myer et al., 1955) also showed that
pre-plant fertilizer application did not result in an
increase in yield. Split-application of N in this
manner is a safeguard against leaching with
subsurface or overhead irrigation for potato
production. Further, waiting until the tubers (seed
pieces) have sprouted to make the initial N
application protects against the risk of leaching from
early-season rainfall. A study in Hastings confirmed
this hypothesis of increased N losses associated with
pre-plant N applications. From the patterns of nitrate
concentrations in the perched water table beneath a
potato crop, it was possible to conclude that much of
the leached N came from the pre-plant application of
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N to the crop (Munoz-Arboleda et al., 2008). The
combined previous and recent research supports a
recommendation of waiting until cracking (plant
emergence) to make the first application of N
fertilizer. This recommendation should have positive
implications for water quality protection and potato
economics while not reducing yield.

Comparisons of yield responses to factorial
combinations of three each N and P rates were
conducted on long-term potato (“old”) soils and
newly cleared soilsin Hastings (Hensel, 1962a).
Fertilizer, including 240 Ib/acre K ,O, was placed
preplant in bands beneath and to the side of each plant
row. On old cultivated soils, potato yields were not
different with increasing N (70, 140, or 210 |b/acre
N) optimizing with 140 Ib/acre N (146 cwt/acre,
100% RY). On newly cultivated soils, potato yields
responded quadratically to increasing N rates (70,
140, or 210 Ib/acre). Researchers suspected adrier
season limited yields with higher N rates when high
yields resulted with 70 Ib/acre N (178 cwt/acre, 97%
RY).

Researchers conducted early trialsin Gainesville
and Hastings to study reducing fertilizer leaching
losses through the use of controlled-release fertilizers
(CRF)-N (Elkashif et al., 1983). Fertilizer treatments
included 100% preplant applications of isobutylidene
diurea (IBDU), sulfur-coated-urea (SCU), or
NH,NO,, or split N applications, 67% of N applied
preplant as IBDU (coarse or fine grain), or SCU
followed by side-dress application of NH NO, four
weeks after plant emergence. Preplant fertilizers were
placed 4 inches below and 4 inches to each side of the
seed tuber. Side-dress fertilizer applications were
banded 9.8 inches from the plant. Seed tubers were
planted in mid-February at each site, and the crops
received above-average rainfall through March. Very
dry weather in April and May resulted in the use of
sprinkler irrigation in Gainesville (1.0 inch/week)
and subsurface irrigation in Hastings (3
inches/week). Applied fertilizer rates were 100 or
180 Ib/acre N, 230 Ib/acre PO, from concentrated
superphosphate (applied preplant), and 240 Ib/acre
KZO from KZSO A (33% side-dressed).

In Gainesville, marketable yields were not
significantly affected by N source (average yield, 237

cwt/acre) or by N rate (average yield, 237 cwt/acre).
Marketable yields were 7% higher with split-N
applications (average yield, 245 cwt/acre) than when
all fertilizers were applied preplant (average yield,
230 cwt/acre). Researchers indicated that with
overhead irrigation, split-applied N reduced fertilizer
leaching losses and resulted in higher yields (Fig. 2,
sprinkler irrigation). With subsurface irrigation in
Hastings, however, marketable yields were similar
with 100% preplant NH NO,, or split-N applications
of IBDU (coarse grain), IBDU (fine grain), or SCU
with NH 4NO3 side-dressed (average yield, 270
cwt/acre). Researchers cited better nutrient retention
in the root zone with subsurface irrigation compared
to overhead irrigation as the basis for the equal
response to 100% preplant NH 4NO3 and the split-N
application method. Yields were lower with 100%
preplant CRF-N sources IBDU (coarse) or SCU
(averageyidld, 219 cwt/acre) due to reduced N
release from these sources with cooler winter to
spring soil temperatures. Significantly higher yields
resulted at Hastings with 180 Ib/acre N (266 cwt/acre,
100% RY) than with 120 Ib/acre N (91% RY).
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Figure 2. Response of potato to N fertilization with
sprinkler irrigation in Florida.

M easurable changes in |eaf-ti ssue concentrations
of N, P, and K occurred for leaf samples taken
between four and eight weeks after plant emergence.
Leaf tissue N, P, and K concentrations fell 31%, 40%,
and 35%, respectively, during this period when
nutrients are largely transocated from the leaves and
stems to the devel oping tubers. L eaf-tissue
concentrations of Mg and Caincreased by 50% at
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eight weeks after planting compared to the
concentrations at four weeks.

The heat requirement of some CRF fertilizer
sources for the release of nutrients can lead to
reduced efficiency of these fertilizers for cool season
crops, such as potato. In the Hastings experiment
described above, split application of SCU or IBDU
with NH,NO, performed as well as a single preplant
application of NH 4NOS. Researchers working with a
hydrophilic gelling agent incorporated into liquid
urea-ammonium-nitrate (UAN) in the spring of
1990, hoped to develop an efficient, leach-resi stant,
single application N-fertilizer source that was not
dependent upon heat for release (Locascio and
Hensel, 1990). Aswith all CRF-N sources, the full
benefits of these fertilizers were realized only during
seasons of excessiverainfall. In this study, average to
below average rainfall minimized the effect of the
gelled fertilizer.

Two N rates, 125 and 225 Ib/acre, were applied
from four liquid N treatments, with or without the
gelling agent. A fifth dry fertilizer treatment was
included. Liquid urea-ammonium-nitrate (UAN)
treatments included UAN combined with a non-ionic
gel, with an anionic gel, with a cationic gel, and
without agel. A dry UAN fertilizer treatment was
aso applied. All treatments were applied after
planting, February 7, 1990, using aliquid N-fertilizer
applicator. The experiment was conducted near
Hastings, Florida, on Ellzey fine sandy soil to which
subsurface irrigation was applied at 3 inches/week.

An interaction occurred between gel treatment
and fertilizer rate. Marketable yields were greater
when potato plants were fertilized with liquid or dry
UAN and ligquid UAN with cationic gel or anionic gel
than those fertilized with liquid UAN with nonionic
gel. Marketable yields with all N treatments were
similar with 225 |b/acre N and generally higher than
with 125 Ib/acre N, except with the liquid UAN
where higher yield resulted with 125 Ib/acre N (300
cwt/acre, 100% RY), and 90% RY with 225 Ib/acre
N.

Experiments were conducted in 1983 and 1984
on Caand Prich Ellzey sands (Yuan et al., 1985c).
Researchers planned to balance the high Caand P
concentrations in these soils and increase yields by

120

100

xX»
|
A
4
AR

Relative Yield (%)

40
+ <——— IFAS Recommendation

o 50 100 150 200 250 300 350 400
N Rate (Ib/A)

Figure 3. Potato yield responses to rates of N fertilizer with
subsurface irrigation.

raising the soil N and K fertility. Yield responses
were evaluated for N rates of 150 or 200 Ib/acre N
(50 Ib/acre side-dressed five weeks from planting).
ThreeK rates, 0, 140, and 200 Ib/acre K O, were
applied with each N rate at planting, and an additional
50 Ib/acre KZO was side-dressed at five weeks. The
effect of N rate on marketable yields (averaged over
all K rates) was not significant in either year.
Marketable yields with 200 Ib/acre N each season
were 202 and 194 cwt/acre (100% RY's) and with 150
Ib/acre N were 90 and 96% RY each year. More N
and K were removed from the soil with harvest than
with any other nutrient. Nitrogen removed from the
soil with the harvested potato was between 70 to 80
Ib/acre and did not change between plants fertilized
with 150 or 200 Ib/acre N in either experiment year.
Researchers concluded that application of N to 200
Ib/acre provided no yield advantage compared with
yields at 150 Ib/acre N on soils high in Caand P.

V egetative tissues sampled the day before harvest
each year were within the sufficiency range of 2 to
3% N each year. Aswith yields for these experiment
Seasons, tissue N concentrations were similar with
both N rates, averaging 2.8% in 1983 and 2.5% in
1984,

The N-fertilizer rate recommendation remained
at 150 Ib/acre (base application with supplemental N
to replace leached N) through 1984. The N rate was
updated to 175 Ib/acre in 1984 (Stall and Sherman,
1984). In 1992, experiments were conducted in three
counties in northeast Florida from 1988 to 1991 to
field test IFAS Extension fertilizer recommendations
(Hochmuth et a., 1993b). Marketable potato yield
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and potato quality were evaluated following
application of 150 to 400 Ib/acre N (NH 4NO?)) at
experiment sites in Putnam, Flagler, and St. Johns
Counties, and the University of Florida Agricultura
Research and Education Center (AREC) in Hastings.
Yieldswith P and K rates near the recommended
amounts based on Mehlich-1 (pre-fertilization) soil
testing (Kidder et al., 1989) were compared to
commercia grower yields with grower N, P, and K
rates, which were above the recommended rate at
each location. In 1988, N and K fertilizers were
banded at planting (near the tuber), two weeks after
emergence, and 40 to 50 days after planting. In 1989,
1990, and 1991, N and K were applied once at
planting and again 40 to 45 days after planting.

Yields of marketable (size A) potatoes were
higher with the commercial fertilizer program than
with the experimental fertilizer program in 1988 (1%
probability). The authors attributed the lower yields to
the second side-dressing of N, which was made too
late in 1988 to benefit yields with the experimental
program. The commercial fertilization program had a
single side-dress N application. Highest yields among
the experimental fertilizer treatments occurred with
200 Ib/acre N in Putnam (156 cwt/acre, 100% RY),
225 Ib/acre N in Flagler (218 cwt/acre, 99% RY), and
225 Ib/acre N in St. Johns (293 cwt/acre, 100% RY).
Yields increased quadratically with increasing N rates
at the AREC location this season. Highest yields
occurred with 300 Ib/acre N (240 cwt/acre, 100%
RY) and 92% RY with 225 Ib/acre N. Yields were
significantly higher (1% probability) with the
commercia N-P-K fertilization program at each
location with the exception of the AREC experiment
where yield with the commercia rate was lower.
Corresponding yields with commercia N rates from
212 to 360 Ib/acre were 259, 267, 321, and 231
cwt/acrein Putnam, Flagler, St. Johns, and the AREC.
Leaf-tissue N concentrations sampled at full bloom at
Fagler and AREC were above adequate (> 4.0%) and
not affected by increasing rates of applied N including
the commercial N rate. Leaf samplestaken at early
bloom in St. Johns County were aso above the
sufficiency range (> 4.0%) with significantly higher
N concentrations with the commercial fertilizer
application.

A single side-dress fertilization at 40 to 45 days
after planting was used in 1989-1991, compared to
two side-dress fertilizer applicationsin 1988.
Marketable size-A potato yields were higher in 1989
with 150 Ib/acre N at Putham County resulting in 262
cwt/acre (100% RY)) compared to 157 cwt/acre yield
with the commercial fertilizer N rate of 250 |b/acre
(Hochmuth et al., 1993b). L eaf-tissue N
concentration at full bloom was also significantly
lower with the commercial fertilizer rate compared to
experimental rates, though all tissue N concentrations
were above adequate (> 4%). Yields decreased
linearly with N rates from 150 to 300 |b/acre at St.
Johns County and the AREC. Marketable yields were
optimized at both locations with 150 |b/acre N (335
and 212 cwt/acre, respectively, 100% RY). Yields
with the commercial rate were significantly lower,
260 and 189 cwt/acre with 240 and 228 Ib/acre N at
each St. Johns County and the AREC, respectively.
Leaf-tissue N concentrations with the commercial N
rate were significantly lower at St. Johns County and
not different from N concentrations of plants
fertilized with experimental rates at AREC. High
yield occurred with 225 Ib/acre N at Flagler County
(238 cwt/acre, 100% RY), which was greater than
226 cwt/acre with the 215 Ib/acre N commercial
grower rate.

Marketable yields were similar with
experimental and commercially applied N, P, and K
rates in 1990 experiments at Putnam and St. Johns
Counties (average yields, 205 and 85 cwt/acre, at
each site). Marketable yields differed at 5% (Flagler)
and 1% (AREC) probability with all applied fertilizer
rates at these sites (Hochmuth et al., 1993b).
Optimum, 100% RY s with experimental fertilizer
rates resulted with 150 Ib/acre N (Flagler, 302
cwt/acre) and with 225 Ib/acre N (AREC, 227
cwt/acre). Yields fell with 300 Ib/acre N to 95% and
96% RY at these sites, respectively. Leaf-tissue N
concentrations measured at pre-, early-, or full-bloom
were above the sufficiency ranges for all locations.
Significant differencesin leaf-tissue N concentrations
between the experimental and commercial
fertilization programs occurred at St. Johns County,
though yields did not differ, and at the AREC where
yields were different (5% probability) between
fertilization programs.
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In 1991, yields were lower overall and responded
little to fertilization practices (Hochmuth et al.,
1993b). Yields with some experimental rates were
the same or higher than yields with the commercial
grower fertilizer rates. From the four years of work,
researchers concluded that 150 to 175 Ib/acre N was
sufficient for high potato yields and that N rates
exceeding 250 Ib/acre often reduced potato yields.
Effective side-dress N application occurred between
35 and 40 days from planting. Band application of 60
to 90 Ib/acre N was recommended at planting and at
side-dress. These preliminary revised
recommendations were tested against the commercial
fertilization program in commercial field
demonstration plots one acre and larger in 1992 and
1993 (Hochmuth et al., 1993). Use of the revised
fertilization rates and timing resulted in yields
equivalent to the commercially fertilized plots and
reduced N use by 100 Ib/acre. Application of less
than the recommended N rate reduced yieldsin
Flagler (1992) where 140 Ib/acre N resulted in 374
cwt/acre compared to 403 cwt/acre with the
commercia N rate of 210 |b/acre. Delaying theinitial
fertilization from at planting to four weeks after
planting also reduced yieldsin St. Johns County
(1992) to 238 cwt/acre compared to 323 cwt/acre
with the commercia fertilization applied near
planting and at two weeks after emergence
(cracking). Nitrogen deficiency symptoms or smaller
plant size resulted in St. Johns County (1993) when
the side-dress fertilization was delayed to 56 days
after planting. The specific gravity of harvested
potatoes was unaffected by N rate in these studies.

Further on-farm demonstration studies were
conducted in 1999 as a follow-up to the on-farm
studies reported above (Weingartner et al., 1999).
Four commercial farm sites were used in addition to
one site at the University of Florida Hastings
Research and Education Center. In these studies,
comparisons were made between alarge plot (severad
acresin size) of potato grown with the
Extension-recommended N program and one grown
with the grower program. Fertilizers were applied by
the growers. Potato yield and tuber specific gravity
were measured. In all cases except one, t-tests
showed no difference between fertilizer treatments

for yield or specific gravity. At one grower site there
was adight increase in yield (P=0.08) with the

commercial fertilizer rate and a significant reduction
(P=0.002) in tuber specific gravity with the grower
fertilizer program. Higher specific gravity is desired,
so increased fertilizer at this site increased yield
dlightly but reduced tuber quality greatly. Average
grower N rates were 247 Ib/acre N (ranged from 210
to 283 Ib/acre N). The recommended rate used was
195 Ib/acre N.

Overadl, 22 on-farm demonstration trials were
conducted during 1992-1999 (Weingartner et al.,
1999). Average yield with the commercial grower
fertilizer program was 335 cwt/acre, and the yield
with the recommended N program was 323 cwt/acre.
Specific gravity with the grower program was 1.077,
and it was 1.079 with the recommended program.

There was alack of yield response to
nitrification inhibitors (dicynandiamide and
nitrapyrin) in experiments from 1983 through 1985
(Martin et al., 1993). For the purposes of this
fertilizer summary, yield responses were averaged for
N rates from treatments. Experiments were conducted
in Gainesvillein 1983 and Hastings in 1983 and
1985. Nitrogen from NH,NO, at rates of 120 or 180
Ib/acre was applied with 25 Ib/acre ons' and 200
Ib/acre KZO in Gainesville and Hastings (1983).
Fertilizers were mixed and applied in two bands at
planting. Fertilizer bands were 1.5 inches deep and
1.5 inches to each side of the seed pieces. In Hastings
(1985), N rates were 60, 120, and 180 Ib/acre with
75% applied as NH-N and 25% as N03-N.
Potassium from K,SO, was applied equally at
planting and two weeks after emergence. Subsurface
irrigation was applied as needed on Ellzey sand soils
in Hastings. In Gainesville, Millhopper fine sand soils
received sprinkler irrigation. These soils had higher
CEC, organic carbon, and N concentrations, and
lower sand content than the Hastings soils.

Yields of marketable tubers, grades A and B,
were not affected by N ratesin Gainesville (1983).
Similar yields resulted with 180 Ib/acre N (245
cwt/acre, 100% RY) aswith 120 Ib/acre N (97%
RY). In Hastings (1983), marketable yields
increased from 120 Ib/acre (67% RY) to 180 Ib/acre
(195 cwt/acre, 100% RY). Yields increased
guadratically in 1985 (Hastings) through 120 Ib/acre
N (302 cwt/acre, 98% RY') and were 2% higher with
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180 Ib/acre N. Potato quality was determined by
changesin the specific gravity of tubers as affected
by varying rates of applied N. Tubers with high
specific gravities, such as 1.091, as occurred in
Gainesville, would yield nearly 15% more potato
chips than those with specific gravities of 1.071
(1.078 occurred in Hastings, 1985). Rates of applied
N had no effect on the specific gravity of tubers
grown in Gainesvillein 1983, while in Hastings, the
specific gravity of tubersincreased sightly with N
ratein 1983 up to 180 Ib/acre N (1.084) and
increased quadratically through 120 Ib/acre N (1.079)
in 1985.

The Hastings experiment summarized above
resulted in higher yields than the Gainesville
experiment. Researchers did not attribute the
Hastings yield advantage to the 3:1 ratio of NH, to
NO,-N fertilizer applied at planting, but earlier
Hastings experiments resulted in higher yields with
unequal proportions of NH J1ONO_-N at planting
(Hensel and Locascio, 1987). This previous
experiment was conducted in the spring of 1986 on
subsurface-irrigated Ellzey sands. Fertilizer was
appliedina 3 x 3 x 3 factorial treatment arrangement
with 100, 200, or 300 Ib/acre N applied in
proportions of 5, 25, and 45% from NO3-N. Thetotal
amount of N applied at planting increased from O to
33 to 67% with the remainder applied 33 days later.

Strong interactions resulted among all factors. A
yield reduction occurred when 5% N03-N was
applied with 67% of thetotal N (at 300 Ib/acre)
applied at planting. Higher rates of ammoniacal N
applied at planting resulted in reduced tuber set and
lower yields. Researchers concluded that optimum
yields depended on the optimum combination of
NO,-N and NH -N applied at planting and on how
much N was applied at planting and later asa
side-dress application. Based on data from this
experiment, researchers recommended application of
25% NO3-N at planting with 67% of the total N (200
Ib/acre) applied at planting and 33% applied at alater
side-dress. Higher yields would not be expected at N
rates greater than 200 |b/acre.

The importance of N03-N in potato plant and
tuber development was described in 1950 (Volk and
Gammon, 1950). Researchers determined that a

condition of potato plants characterized by leaf roll in
new leaves, which becomes most pronounced at
blossom time, was related to high soil NH4—N
concentration. Tubers of affected plants were found
to develop too closely to the stem for normal
enlargement. Disease was not afactor in expression
of these symptoms. Soils at the Federal Point and
Bimini (Hastings area) sites were found to be very
acidic and had insufficient bacterial activity to
convert NH -N to NO_-N. Field studies were
conducted using fertilizers with varied ratios of NO,
to non N03-N applied in combination with lime
treatments. Potatoes were planted on plots where
leaf-curl had occurred in 1949. Yields were 46%
higher when fertilized with 5N-6P205-6K20 where
40% of the fertilizer N wasfrom a NO3 source (241
bushel s/four plots, unspecified plot size) than where
NO3-N was omitted from the fertilizer mix (165
bushel s/four plots). Correction of the soil pH did not
eliminate leaf roll incidence. Plants grown on
dolomite-treated soils (pH neutral) and fertilized with
5N—6P205—6K 2O without NOs—N, resulted in lower
yields (183 bushels per four plots). On soils where
leaf roll had not previously occurred and the pH was
4.7t0 4.9, yields were also improved by application
of 5N-6P,0.-6K O, with 40% NO,-N (292 bushels
per four plots). Further yield increases resulted when
the fertilizer application was split, 60% at planting
and 40% at 60 days (331 bushels per four plots). The
difference in these two yield responses was attributed
to leaching losses of NO3-N when applied entirely at
planting. Application of some NO,-N was further
cited for yield improvements during water stress
periods when soil nitrification was reduced.
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Figure 4. Response of potato to N fertilization with all
irrigation methods in Florida.
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Nearly 20% of the state's potato productionisin
southern Florida. Experiments were conducted near
Homestead, Florida, during the winter seasons of
1993-1994 (grower 1), 1994-1995, and 1995-1996
(growers 1 and 2) (Hochmuth et al., 1998). Nitrogen
was applied at 0, 40, 80, 120, or 160 Ib/acre at all sites
except in 1994-1995 (grower 1) where 0, 50, 100,
145, or 190 Ib/acre N was applied (Table 1). A
grower fertilization program was included at each
location and N rates with these treatments ranged
from 96 to 115 Ib/acre. Yields are typically lower in
the Homestead area than elsewhere in Florida due to
the winter production season.

Yields of size A potatoes and total marketable
potatoes in most years increased with N fertilization
(Table 1). Marketable potato yields increased
through N rates of 190 and 160 Ib/acre (198 and 141
cwt/acre, respectively, 100% RY') in two experiment
seasons, decreased with N from 100% RY (83
cwt/acre) with O Ib/acre N to 81% RY with 160
Ib/acre N in athird study, were not affected by N in a
fourth study, and had no discernible yield response to
N in afifth study. Leaf-tissue N concentrations were
adequate or in excess of the sufficiency rangein all
experiments and increased or remained unchanged by
N fertilization. Yields with the grower fertilization
programs were not different from yields with
experimental N rates.

Research was conducted from 2002 through 2004
at the North Florida Research and Education Center
in Live Oak, Florida, to study the effect of initial
application of N made at planting (65 Ib/acre) or the
same amount at emergence (Hochmuth and Jones,
2004). Total N was the same (195 Ib per acre) with
both timing treatments. There was no significant
effect on the total marketable yield dueto the N
timing treatment during all three years except for Size
A tubersin 2002 in which the yield was greater with
N application at plant emergence (268 cwt/acre) than
that applied at planting (205 cwt/acre). Hence, the
initial application of N can be withheld until plant
emergence thereby reducing the risk of N leaching
losses and still maintaining the same yield. Further
studies with center-pivot irrigated potatoes in
Suwannee County showed small amounts of N can be
applied with the tuber at planting and that yields were

similar with 210 and 240 Ib N per acre (Hochmuth,
1994).

A series of experiments with Controlled Release
Fertilizers (CRF) was conducted during the early
2000sin Hastings. A CRF system improved the
nitrogen-use efficiency (NUE) compared to
conventional fertilizer practices (Hutchinson, 2004).
Fertilizer treatments consisted of CRF1 (166 kg/ha of
N) and conventiona fertilizer (Grower Standard
Program, GSP at 207 kg/ha of N) in 2002 and CRF1
and CRF2 at 166 kg/ha and 164 kg/ha of N,
respectively, in 2003. In 2002, tubersin CRF1
treatment were larger than those with the GSP; and in
2003, no significant difference between treatments
was observed. The authors reported that the tubers
were unmarketable due to poor quality from Internal
Heat Necrosis (IHN) and N in GSP leached from the
production arearesulting in N stress during the active
growing period for the potato.

An experiment was conducted in northeast
Floridato evaluate the effects of CRFs and soluble
fertilizers for subsurfaceirrigated Irish potato
production (Hutchinson et al., 2003). Potato yield and
tuber size were very high (approximately 4.5 times
higher than without N) when grown with soluble and
CRF fertilizers. CRF (15-9-12) resulted in the
highest marketable and total yields (387 and 423
cwt/acre respectively) for N applied at the rate of 200
Ib/acre. Treatments using CRFs resulted in higher
yield (335 cwt/acre for 200 Ib/a) with high tuber
quality and specific gravity. Leaf N concentration
with CRF 15-9-12 at 100 Ib/A N was in the
sufficiency range and significantly higher when
compared to other fertilizers applied at the same rate.
Though the nitrogen-use efficiency (NUE) was
similar among all fertilizer sources at higher N rates,
CRFs had a higher NUE than soluble fertilizer at low
N rates, and CRFs had the ability to maintain a
nutrient rel ease pattern even in leaching conditions.
Therefore, under leaching conditions, the NUE of
CRFsis expected to be higher than for soluble
sources at al N rates.

In another study conducted at the University of
Floridafarm in Hastings, the yields of total and
marketable-size potatoes were compared for different
CRFs (applied at 0, 130, and 220 Ib/a) and soluble
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fertilizer (Pack et al., 2006). The potatoes grown with
CRFs had higher yields than using soluble fertilizer or
no N treatment, and there was no significant
differencein the yields within each CRF product

(Fig. 5).
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Figure 5. Potato response to several controlled-release
nitrogen fertilizers (Pack et al., 2006). Treatment 1 was the
control (0 N); treatments 2 through 4 were soluble N at O,
130, or 220 Ib/acre; the remaining treatments were various
CRF programs.
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Figure 6. Potato yield response to three N CRF products
(A, B, C; 33% release) engineered to release completely

by 120, 75, and 45 days after application mixed in various
percentages (x-x-x) for fertilization of potato (Hutchinson,

2005).

Three N CRF products (A, B, C) engineered to
release completely by 120, 75, and 45 days after
application were compared to no nitrogen and
ammonium nitrate treatments (Fig. 6). Plantsin the
A:B:C (33:33:33) treatment produced significantly
more yield than plants with other treatments, and they
exhibited 69% less Internal Heat Necrosis compared
with potatoes grown with ammonium nitrate (at 200
b N/A, BMP recommended by IFAS) (Hutchinson et
a., 2005). It was recommended that growers consider
B:C (67:33) and A:B:C (33:33:33) treatments for
commercia development, and these would reduce
applied N in the Tri-County Agricultural Area

(TCAA) by 25% less than the BMP rate (200
Ib/acre), thereby drastically reducing N-leaching.

Need for inorganic fertilizer may be reduced by
planting legumes (sorghum-sudan grass and cowpea)
as summer cover crops and/or fall cash crops (green
beans and fallow) and potatoesin spring. The
experiment was conducted at the University of
Florida's Plant Science Research and Education Unit
in Hastings, Florida, using different treatments with
2x2x5 factorial design with four replications.
Treatments of N at 100, 150, and 200 |b/acre resulted
in an average of 307 cwt/acre total tuber yield, which
was greater than with 250 |b/acre of N (267
cwt/acre). Though there was no significant interaction
between the summer cover crops and N rate, there
was a significant interaction between the fall cover
crop and potato N rate. Marketable production was 89
cwt/acre with green bean-0 Ib/acre of N treatment
when compared to fallow-0 |b/acre; and tubers were
larger than that produced in the fallow plots
(Hutchinson and Mylavarapu, 2003). Readily
available N will be helpful in increasing the tuber
size, yield, and specific gravity and can be obtained
by planting afall crop more so than a summer legume
cover crop aone.

Severa fertilization programs were evaluated for
their impact on yield and quality and on N-use
efficiency of potato (Hutchinson et a., 2003). At
least one CRF at 150 Ib N per acre led to yields equal
to those with soluble N at 200 Ib N per acre. N-use
efficiency was greatest with the CRFs at the lower N
rates. Various fertilizer strategies were evaluated in
2007, including CRFs and liquid fertilizer
formulations (Chen and Hutchinson, 2008). Yields
were greater with 200 |b/acre N compared with the
250 Ib/acre, which was closer to the
commercial-grower rate. Yieldswith CRFsat 175
Ib/acre N were similar to those with ammonium
nitrate at 200 Ib/acre N. N recovery efficiency was
greatest with CRFs. There were no differences among
the fertilizer treatments for tuber quality.

The research with CRFs summarized above
showed that CRFs at 150 to 175 Ib/acre N can result
in potato yields equal to those with the current N
recommendation of 200 Ib N per acre with soluble
sources (Hutchinson and Simonne, 2003). These
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authors summarized some costs associated with N
fertilizer programs. CRFs were more expensive than
al-soluble N fertilizer programs in terms of fertilizer
materials costs, but these authors listed severa
benefits of CRFs that should be considered in

designing the fertilizer program.
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levels of N were needed to qualify the study for
inclusion in the graph. Figure 7 makes it somewhat
easier to visualize the average response to N rate and
evaluate if the average responseis close to or far
from the current recommended target level of N (200
Ib/acre N). Yield response was increased with added
N between O N and 150 |b per acre N. Yield leveled
off after 150 Ib/acre N, and even showed a tendency
to decline after 225 Ib/acre N. Further analysis of the
datain Figure 7 shows most of the responsesto N
rate at or in excess of 95% relative yield occurred
with between 150 and 225 Ib/acre N (Fig. 8). For
most studies, responses between 95 and 100% RY
(highest yields) were not significantly different. If
the argument is made to include occurrences between
90 and 94% RY (lower yields), then more studies

Figure 7. Potato yield versus N rate for more recent
studies that included at least 3 levels of N, with other
nutrients held constant. Some markers are overlapping.
Blue vertical line is the current N rate recommendation; red
lines are the 90 and 95% relative yield levels. The first 11
studies were Hochmuth, et al. 1993b; Other reports are
Chen and Hutchinson, 2008; Pack et al., 2006;
Hutchinson, 2005; Hutchinson et al., 2003; and Munoz,
2004.
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show those occurrences in the higher rates of 300
Ib/acre or greater. This finding indicates that yield
actually declined as N rate exceeded 225 Ib/acre.
These recent N studies clearly support atarget N rate
between 150 and 225 Ib/acre N, with emphasis

toward the lower part of that range.
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Figure 8. Plot of number of occurrences for three yield
levels versus the N rate from studies summarized in Fig. 7.
We chose to group the responses (90 to 94%) and 95 to
99% for easier viewing. There were no instances where
95% to 99% percent relative yields were significantly
different from 100% relative yield. The reader will note that
numbers of observations for each N rate varied.

Many of the reviewed studies above involved
only two rates of N often in factorial combination
with other potato production factors. As such, some
readers may not consider these studies as covering
the full range of expected response. The data plotted
in Figure 7 came from more recent studies where N
rate was a variable in the experiment. At least three

Figure 9. Potato yield versus N rate for more recent
studies that included at least 3 levels of N, with other
nutrients held constant. These values are the same data as
in Figure 7, but here the actual yield in cwt/acre instead of
the percent relative yield are presented. The first 11
studies were Hochmuth et al., 1993b; Other reports are
Chen and Hutchinson, 2008; Pack et al., 2006;

Hutchinson, 2005; Hutchinson et al., 2003; and Munoz,
2004.

Data from these studies where at least three N
rates were included can be used to illustrate the
usefulness of the percent relative yield approach. In
Figure 9 with the actual units of cwt/acre, thereis
considerable scatter and it is difficult to see the
underlying trends in the data set. The presentation in
Figure 7 using the converted data makes it much



Archival copy: for current recommendations see http://edis.ifas.ufl.edu or your local extension office.

A Summary of N, P, and K Research with Potato in Florida

15

eas er to see the underlying trend in the data set.
Further, datain Figures 9 and 10 show that 1991 was
alow production year, while 1990 was a higher
production year. This shows that there are other
factorsinvolved in potato yield from year to year.
This analysis should provide support that the percent
relative yield conversion is a helpful technique to
assist in visualizing response trends using severa
data sets over years.
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Yield of Potatoes in Hastings Florida Area
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Figure 10. Yield of potato over years for Hastings, Florida
production area. Yield has generally increased (nearly
doubled) since 1949, but there are variations in yield from
year to year. Data are from
http://usda.mannlib.cornell.edu/usda/ers/91011/
Table010.xls.

Impacts of N fertilizer and irrigation
management programs on water quality:

Irrigation and fertilizer management are linked
when considering the impacts of fertilizer losses on
water quality. Potatoes in most production areas of
the state, including northeastern Florida and
southwestern Florida, use subsurface irrigation. The
crop water efficiency with this system isless than
with other systems (Smajstrlaet a., 2002), but there
has been little research on alternate irrigation systems
for potatoes. A recent review of the literature
summarized the national research picture with potato
fertilizer and irrigation management (Munoz et al.,
2005). The fact that the potato plant has low N-use
efficiency and that the crop istypically grown on
sandy soils may lead to more risk to the environment
from poorly managed fertilizer and irrigation
programs. More research is needed on potato plant
nutrient uptake patterns and nutrient mass balancesin
typical production systems. Research in Florida with
subsurface irrigated potato showed water table depth
was a good indicator of soil moisture. Early work
(Hensdl, 1964) showed that a water table maintained
at 8.7 inches below the row alley was optimum for

yield. Wetter and drier conditions led to yield
reductions. Water table depth needed to be managed
during the season to optimize soil moisture
consistency and minimize tuber physiological
disorders such as hollow-heart and brown center.
Researchers noted that an irrigation schedule based
on physiological age of the crop would be a preferred
irrigation management strategy rather than asingle
water table depth employed throughout the season
(Munoz-Arboleda and Hutchinson, 2006). This
improved strategy would result in greater water
conservation.

In a potato field near Hastings, three water
furrows used for both drainage and irrigation were
replaced by subsurface drains (Rogers et a., 1975).
Subsurface drains were more efficient than water
furrows during harvest periods when excessive rains
could have delayed harvesting for several days. The
water table was adequately maintained at the desired
level by raising and lowering the drain outlet during
periods of irrigation. Since the subsurface drains
allowed planting of 18 rows between ditches, instead
of the usual 16, the yield per unit area was increased
significantly.

A study was conducted during 2001, 2002, and
2003 at the University of Florida Institute of Food
and Agricultural Sciences to determine the amount of
N03-N fertilizer in the subsurface water table under
the crop. A crop rotation plan was followed and
identified as potato-sorghum-fallow (PCF),
potato-sorghum-green bean (PCG),
potato-cowpea-fallow (PCF) and
potato-cowpea-green bean (PCG) (Munoz-Arboleda
et al., 2008). Ammonium nitrate at 100 |b/acre was
incorporated on the subplots and the remaining
treatment amount was side-dressed two weeks after
the plant emergence. No additional fertilizer was
applied for sorghum or cowpea, which was planted
after harvesting potato, but 125 Ib/acre N was applied
for green bean, which was planted after sorghum or
cowpea had been harvested. The NOS-N
concentration in the perched groundwater was
proportional to the rainfall magnitude after potato
planting (which was observed during the first and
third year of the experiment). Also, the NO,-N
concentration increased to more than twice that of the
concentration in fallow plots due to the fertilization



Archival copy: for current recommendations see http://edis.ifas.ufl.edu or your local extension office.

A Summary of N, P, and K Research with Potato in Florida

16

of green been. Sorghum was a better N scavenger asa
summer cover crop as the concentration did not
increase when compared to snap bean. Therefore,
aternatives such as CRFs and summer cover crops
with high nutrient scavenging capacity could reduce
the risk of nitrate leaching during and after the potato
season by synchronizing the availability of N with
plant demand and by recovering any residual N from
the potato season, respectively. In three years of field
research, potato yield response to N rate was
maximized (quadratic model maximum) at or below
the recommended rate of 200 Ib/acre, yet there were
linear increasesin N crop uptake (Munoz, 2004).

Studies were conducted to evaluate the fate and
movement of N and P in Deep Creek in the lower St
Johns River watershed (Worthington and Hutchinson,
2008). Total P and chlorophyll a were correlated
suggesting that this creek was N-limited. Studies such
as these are needed to better define the limiting
nutrients in water bodies.

Nitrogen Summary

The earliest research on N fertilizer's effects on
potato yield consisted of mixed-fertilizer studies
beginning in the 1940s and continuing through 1967.
The effects of increasing N rates, associated with the
mixed-fertilizer treatments, were presented
graphically against RYsin Figure 1. Yields generaly
increased through 175 Ib/acre N, and then leveled of f
or declined with N rates greater than 200 Ib/acre. The
variation of potato yield decreased with additional N
fertilizer within the range of 150 to 200 Ib/acre.
Among other findings during this research period,
one finding was that side-dress fertilizer applications
were most effective on soils with low organic matter
content as long as the application was made no more
than 40 days after planting. Wet soils, measured at
12% moisture content on an oven-dry basis, increased
potato disease susceptibility and resulted in the
lowest yields, while soils with 10% moisture content
resulted in the highest yields. An 8-inch seed spacing
was the most profitable plant spacing and
polyethylene mulch use increased potato yields, but
the authors did not evaluate the economics of mulch
use on potato production.

Yields of potatoes responded positively (96 to
100% RY's) to N fertilization rates to 200 Ib/acrein
nearly two-thirds of experiments. Marketable yields
were often reduced by N fertilization at rates greater
than 225 Ib/acre N. Nitrogen fertilization
demonstration trials on commercia farms showed
that potato yields with 225 Ib/acre N were the same
asyields with 300 Ib/acre N in 11 out of 16 trials
(Hochmuth et al., 1993). In threetrials, yield was
reduced when N fertilization was increased in excess
of the range from 150 to 300 Ib/acre N. Reports
spanning more than 60 years of research with potato
fertilization showed that potatoes rarely responded
positively to more than 200 Ib/acre N and often did
not respond to more than 150 Ib/acre N, especially
with controlled-rel ease fertilizers. Concentrations of
N in leaf tissue generally reflected adequate N
fertilization with greater than 150 Ib/acre N.
Maximum responses to N rate do not appear to be
different acrossirrigation systems.

Nitrogen and K leach easily in sandy soil,
therefore supplemental additions of N and K might be
needed after periods of heavy rainfall. Supplemental
applications of 30 Ib/acre N and 20 Ib/acre KZO might
be needed after arainfall of 3inchesin 3 daysor 4
inchesin 7 days (Kidder et a., 1992). Nitrogen
efficiency was not improved by nitrification inhibitors
in four out of five studies. Yields of potatoes with
NH 4NO3 were equal to or better than yields with
early CR fertilizers or mixtures of NH4NO3 and CR
fertilizers. Newer CRFsled to equal yields, increased
nitrogen use efficiency, and less leaching of N, with
150 Ib/acre N compared with higher rates of N.

Nitrogen application timing is critical to
successful potato production. Approximately
two-thirds of the N should be applied at planting or
preferably at cracking. The remainder should be
applied between 30 and 40 days after planting. About
25% of the total N should be supplied from NO_-N
sources. BMPs should give equal consideration to the
N rate and the fertilizer and irrigation management
strategies.

Sixty years of intensive research with N on
potato yields show yields' responsesto N ranging
from 100 to 400 cwt/acre, depending on the particular
study. The majority of research results showsyield
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leveling off near 200 Ib/acre N. Clearly other
variablesin addition to N control yield in potato.
These variables might include disease incidence,
insect incidence, temperature, irrigation practices,
variety, timing of N application, placement of
fertilizer, and many others. These variables might
have as large an effect on potato yield responsesas N
rate, once the N rate reaches 200 Ib/acre and has been
managed optimally for timing, form, etc., and
providing that irrigation has not been excessive.
These variables have not received as much attention
from researchers as N fertilizer rate.

A suggested nitrogen BMP for potato
production

This BMP takes into account the cultural,
economic, and environmental results from the
research summarized in this document:

» Use atarget seasonal N amount of 200 Ib/acre to
be modified if needed based on leaching rain or
| eaf-tissue testing before approximately 40 days
after planting.

« Use acover crop (sorghum for better nutrient
scavenging) in the summer to take up residual N,
and to provide organic matter for the next potato
crop.

« Pre-plant nitrogen fertilizer is not needed. This
recommendation was noted as early as 1955 and
confirmed in the 2000s. Plant potatoes without
soluble N fertilizer, or only with N that might
come with the starter P (ammonium phosphates)
fertilizer. Hold N to less than 20 Ib/acre at
planting. Using controlled-release N fertilizer
mixtures with various rel ease patterns could save
25% of the recommended N rate of 200 Ib/acre.
If not using CRF, make the first application of N
(up to 67%) at cracking (about 14 days after
planting).

« Apply remaining N within 40 days after
planting.

« Apply 30 Ib/acre N after any leaching rain. This
rate could be added to the second N application

if the leaching rain occurred just prior to the
second application.

» Manage irrigation according to the
recommended practice; especialy avoid
fluctuating water tables.

Phosphorus and Potassium Soil
Testing

Knowledge of soil nutrient levels (particularly P
and K) before planting is the starting point to
predicting crop response and requirements for P and
K fertilizer. Mehlich-1 extractant indices (expressed
as ppm soil-extracted nutrient) are classified as very
low, low, medium, high, and very high, and a crop
specific fertilizer recommendation is made from that
classification (Hochmuth and Hanlon, 2000;
Mylavarapu, 2009; Rhue and Kidder, 1984). In 1979,
the M-1 solution became the accepted extractant
standard at the University of Florida. Previousto
M-1, ammonium acetate and water extractants were
used. Indices recorded from these methods cannot be
directly equated with M-1 indices or fertilizer
recommendation rates but review of the older
research results with these extractants presents a
profile of crop response to fertilizer in varying
conditions. For potato, yield response did not
correlate with soil K concentrations and a
recommendation of 140 Ib/acre K, O was made for all
soil test K indices. Water management practices,
fertilizer sources and application methods, and the
effect of mulch in the nutrient management system
are also summarized.

Phosphorus

Phosphorus experiments were conducted at
Hastings field sites on previously farmed or “old”
soils (cropped for the previous 60 years) and on
newly cleared Onafine sand soils (Hensel, 1962a).
Other old and newly cleared sites were chosen for
experimentsin 1962. Fertilizer was applied in bands
below and to the side of the seed pieces at rates of
150 Ib/acre N, 240 Ib/acre K ,O, and P, O, rates of 0
to 400 Ib/acre (1960 and 1961) and in factorial
combinations of three N rates, 70, 140, and 210
Ib/acre with three P rates, 80, 160, and 240 |b/acre
P205 (1962). Soil P concentrationsin 1960 to 1961
were reduced from 65 to 50 ppm, measured by
ammonium acetate extraction, on old soils and from 8
to 6 ppm on newly cleared soils. On old soils, potato
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yields were similar for plants fertilized with O to 400
Ib/acre P 05. Average yields were 181 and 316
cwt/acre%or 1960 and 1961, respectively. Plants on
newly cleared soils required 400 Ib/acre PO,
(significance not described) each year to produce
optimum yields of 157 and 242 cwt/acre (100% RY's)
as compared to 15% and 31% RY swith O |b/acre
P205. In 1962 experiments, yields were optimized on
old and new soils with 240 Ib/acre PO, (146 and 177
cwt/acre, respectively, 100% RY's). Slightly lower
RY's (98 and 97%) resulted with 160 |b/acre P,O_
applied to each soil type, and significant differences
among yields were not described. Soil P
concentrations (ammonium acetate) were 18 ppm
(old soil) and 21 ppm (new sail). At planting, an
optimum potato soil pH of 5.5 existed at all sites with
550 Ib/acre of hydrated lime applied in 1960 to
increase the pH on new soils.

In another experiment, potato yield response was
evaluated following P applications for the three
consecutive seasons, 1960, 1961, and 1962, on Ona
and Kanapaha fine sands (L ocascio and Breland,
1963). Researchers sought to determine the effects of
different soil types on P recommendations for potato.
Kanapaha soils were described as having twice the P
content of the Ona soils, though soil P analytical
results were not provided in the report. Concentrated
superphosphate (CSP) was broadcast before afall
snap bean crop at rates of 0, 90, and 180 Ib/acre ons'
The potato crop was planted the following spring
after broadcast application of 90 Ib/acre N (NH 4NO3)
and 90 Ib/acre K,O (KZSO4). An additional 30
Ib/acre N and K,O were side-dressed each season.
Except for potatoes grown on Kanapaha soil in 1960,
potato yieldsincreased linearly in all years on both
soil types through P rates of 180 |b/acre PO,
Averaged using all seasons, yields from Kanapaha
soils were 172 cwt/acre (100% RY') with 180 Ib/acre
P205 and were 126 cwt/acre (75% RY) with 0 Ib/acre
ons' A similar average yield increase occurred on
the Ona soils with applied P from O Ib/acre PO, (117
cwt/acre, 72% RY) to 180 Ib/acre P205 (161
cwt/acre, 100% RY). Although yields were similar
with both soils, the |eaf-tissue P concentrations were
nearly doublein potato plants grown on the Ona soil.
Based on these leaf P concentrations and soil data
(not presented), researchers concluded that more P

was fixed in an unavailable form on the Kanapaha
soils than in the Ona soils.

Initiation of Mehlich-1 (M-1) soil testing
research in 1977 renewed interest in P fertilization of
Hastings-grown potatoes where previously uncropped
soilswere typically low in P compared to soilsin
potato production for sixty to seventy years (Rhue et
al., 1981a; Rhue et al., 1981b). Lime was applied in
November 1977 to raise the pH of uncropped soils
from 5.1 to 6.5 before seeding with 'Atlantic' potato
piecesin February 1978. Applied P rates were 0,
115, 230, or 345 Ib/acre P,O, from diammonium
phosphate (DAP) or liquid ammonium
polyphosphate (APP). Fertilizers, including 140
Ib/acre N and 180 Ib/acre KO, were applied in two
bands 8 inches apart and one band 8 inches beneath
the seed piece followed by side-dressing at 35 days
with 50 Ib/acre each of N and KZO. The water table
was maintained 8 inches beneath plot aleys
throughout the crop season. On these Placid sandy
soilswith 5 ppm M-1 soil-extracted P, significant
marketable yield increases occurred between O

Ib/acre PO, (60 cwt/acre) and 115 Ib/acre PO, (150
cwt/acre, 100% RY). Thereafter, P ratesto 345

Ib/acre P,O had no further effect on marketable
yields. Yields of grade B potatoes were lower (1%
probability) with APP than with DAP. Research with
soil testing for Pwith M-1 is presented in Figure 9.

In 1979, M-1 soil tests revealed P concentrations
had increased due to the 1978 applications of DAP or
APPto 12 and 11 ppm with 115 Ib/acre PO, of each
respective P source, to 24 and 21 ppm with 230
Ib/acre ons’ and to 35 and 24 ppm with 345 Ib/acre
ons' To theseresidua P concentrations, half of the
plots received no P and the other half received 115
Ib/acre ons' 'Sebago' potatoes were planted and N
and K were applied asin 1978. On those soils where
no P was applied, yield response to increasing
residual soil P concentrations was quadratic with
yield leveling off with 25 to 35 ppm extracted P (308
cwt/acre; 100% RY). Potatoes receiving 115 Ib/acre
PO, produced similar yields to those that received no
P. Researchers concluded that 35 ppm of M-1
soil-extracted P provided sufficient nutrient for
optimum potato yields and no more than 115 Ib/acre
P,O, were needed when soils tested |ess than 30 ppm.
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In 1980, all plots received 115 |b/acre PO,
except the 0 P control treatment. Similar
pre-fertilization concentrations of M-1 soil-extracted
P resulted with P sources DAP and APP. Average soil
P concentrations for each rate of previously applied P
were 8 ppm (0 applied P), 20 ppm (115 Ib/acre
ons)’ 28 ppm (230 Ib/acre ons)’ and 35 ppm (345
Ib/acre ons)' Optimum yields occurred on soils
testing 35 ppm P (294 cwt/acre, 100% RY).
Response to the added 115 Ib/acre P,O_ was more
apparent this season than the previous season where
yields were similar with or without the added P.
Where soils were very low in M-1 P (<10 ppm)
(1978) yields were significantly higher with DAP
than with APP, but both P sources performed equally
on soilswith M-1 P concentrations greater than 10
ppm (1979 and 1980).

While these experiments were conducted,
simultaneous experiments (1978 and 1980) were
conducted on a nearby high-P site (237 ppm), which
had been in potato production for the previous
seventy years. Phosphorus rates of 0, 50, or 100
Ib/acre P,O_ were applied from DAP or APP, and N
and K were applied at 140 Ib/acre N and 180 Ib/acre
K,O banded preplant with 50 Ib/acre of each
side-dressed 35 days later. Yields of A and B grade
marketable potatoes were not different with either
DAP or APP. Averaged marketable yields using both
P sources did not increase compared with O |b/acre of
P, O5 (180 and 321 cwt/acre each season,100% RY).
T%e Placid soilstested here were typical flatwoods
soils, pH 5.3, where a 1977 application of dolomitic
lime at 2800 or 5600 |b/acre elevated the pH to 6.5 (a
0 lime treatment was also included). Application of
lime did not interact with applied P for effects on
potato yields.

The above summarized Hastings trials of 1978,
1979, and 1980 on old, high P soils were extended
through 1981 and 1982 (Yuan et a., 1985a; Y uan et
a., 1985b; Yuan et a., 1985c). In 1981, researchers
noted that higher M-1 soil P concentrations, 340
ppm, resulted in plots where 5600 Ib/acre of dolomite
was applied in 1977 compared to 259 ppm P where no
dolomite was applied in 1977 (Rhue et al., 19814).
They concluded that Cafrom previouslime
applications had acted to retain P in the soil, which
would otherwise be leached from acidic soilslow in

Fe and Al. Phosphorus combined with Cawas held in
the soil in aform available to plants. The potential
water solubility of P, greater in unlimed soils than
limed, was al so examined in this study where P
leaching was reduced by maintenance of the water
table at 8 inches below the aley bottom. The authors
concluded that water table maintenance and lime,
applied as needed, were important to proper soil P
management on long-term cropped sandy acidic soils.

By extending the experiment an additional two
crop seasons, researchers also sought to observe the
long-term effects of accumulated P on potato yields
and determine how much soil P was removed with
successive potato harvests. No additional lime or P
was applied to the high-P, Ellzey sand soils (formerly
termed Placid sand), and N and K applications were
reduced to 125 Ib/acre N and 170 Ib/acre K,0. All
other experimental conditions were the same as
before.

¢H#]l WHE2 AH3 mHL @5

120

._
]
——
>
|
B
L

LI .. of

#lYuanetal, 1985 #2Rhueetal, 1981a
#3Rhueetal, 1981h #4Tocascio 7 Rhue, 1990
#S5Hochmuth et al., 2002

Percent relative yield
& = @
&

N
S

o

50 100 150 200 250 300 350 400

Mehlich-1 soil-test P index

Figure 11. Response of potato yield on soils with variable
residual Mehlich-1 P concentrations (without P
fertilization). Vertical blue line denotes current M-1 cut-off
(30 ppm) between medium and high soil test indexes.

Residual M-1 soil-extracted P concentrations
from plots fertilized in 1980 with 0, 50, and 100
Ib/acre PZO5 were 308, 272, and 292 ppm,
respectively (1981) and 235, 229, and 240 ppm,
respectively (1982). The reduction in soil P content
was attributed to leaching and nutrient removal by the
crop. Tuber yieldsin 1981 and 1982 were similar
with all applied P rates averaging 257 and 293
cwt/acre each year. Dry weight tissue analysis
revealed N and K concentrations were 10 to 100 times
higher in the vegetative tissue of the potato plant than
in the tuber. Phosphorus concentrations in the tuber,
however, were 35% higher than P concentrationsin
the vegetative tissue. Early P uptake with potato is
known to promote good tuber development, and
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ultimately most of the absorbed P is translocated to
the tuber. The measured annual amount of P removed
from the soil with harvest was between 30 to 40
Ib/acre PZO5 in 1980 and 1981 harvests. Extraction of
soil P by vegetative tissues was quadratic in 1981 and
linear in 1982, but extraction of P by tubers did not
differ with soil P concentrations. The authors
concluded that potato tuber harvest and export would
not deplete high-P soils sufficiently to require
additional P application for along time.

Spurred by the research in Hastings, a Flagler
County potato experiment was conducted in 1981 to
determine if the basic recommended P rate for
irrigated mineral soils, 200 Ib/acre on5 (Montelaro,
1978; Stall and Sherman, 1984), was too high
(Kidder, 1982). Soil from the chosen field tested 10
ppm in M-1 soil-extracted P and had previously been
cropped in cabbage, but was uncultivated before
1979. The very low soil-P concentration predicted a
yield response to applied P (CSP) at the
recommended rate of 200 Ib/acre PZO5 or with the
lower rate used earlier in Hastings, 115 Ib/acre ons'
Nitrogen (NH4NO3) was applied at 170 Ib/acre N in
al treatments while K (KCl) was applied at either O
or 135 Ib/acre K, O. Grower fertilizer rates of
225-60-135 Ib/acre N-PZO5-K ,O were appliedto an
adjacent commercia field area. When the potato seed
pieces sprouted, fertilizers were banded 4 inchesto
the side of the plant row and 4 inches beneath the bed
surface. Potato yields were not different with any
experimental fertilizer rate, but yields were
significantly lower with the grower fertilizer rates of
60 Ib/acre PO, (260 cwt/acre) compared to yields
with 115 Ib/acre PO, (347 cwt/acre, 100% RY).
Insufficient P (60 Ib/acre P,O,) was cited as the
limiting nutrient in the grower treatment, while 115
Ib/acre P, O, resulted in high yields on these very low
P soils. T2he author suggested that additional research
be conducted before reducing the recommended P
rate from 200 Ib/acre ons'

Researchers applied 180 Ib/acre PZO5 from four
P sourcesin experimentsin 1980 and 1981 near
Gainesville (Locascio and Rhue, 1990). Two liquid P
sources were tested on beds of St. Johns fine sand,
ammonium containing ortho-P and APP along with
tests of two granular P sources, DAP and CSP. Beds
were fertilized with 80 Ib N (NH4NO3) and 95

Ib/acre K,O (KCl and K,SO 4) applied in two bands
placed 2.5 inches to each side of the bed center and 2
inches below the seed. 'Atlantic’ seed potatoes,
planted in mid-February each year, were side-dressed
six weeks later with 80 Ib/acre N and 100 Ib/acre
K,O. Potatoes were overhead irrigated as needed.

Yields on the low P soils, 15 ppm M-1 P, in 1980
were highest with APP (154 cwt/acre), significantly
lower with ortho-P and CSP (133 cwt/acre), and
lowest with DAP (108 cwt/acre). These findings
directly conflict with earlier P source findings (Rhue
et al., 1981a; 1981b) on Placid (now Ellzey) sands
(Hastings) where higher yields resulted with DAP
compared to other P sources. Application of P
sources APP, ortho-P, and CSP resulted in similar
yields (180 cwt/acre) in 1981 on very low P soils, 8
ppm M-1 P, and lowest yields with DAP (150
cwt/acre). When measured after harvest, Mehlich-1
soil P concentrations increased 14 ppm on average
with DAP and CSP compared to 9 ppm on average
with liquid APP and ortho-P. Greater plant uptake of
P from DAP was measured in recently matured
leaves at flower formation with 0.63% P (1980) and
0.56% P (1981), but both concentrations were in the
sufficient range.

Research with the Mehlich-1 extractant is
summarized in Figure 11. Nearly all of the crop
response to P fertilization occurs on soils with less
than 40 ppm M-1 P. This soil testing research, along
with the crop response results, led to are-evaluation
of the P fertilizer recommendations. By 1989, P
recommendations for soils very low (<10 ppm P) and
low (<15 ppm P) in M-1 soil-extracted P were
revised to 120 Ib/acre PO, based on yield responses
summarized above and additional field testing
(Kidder et a., 1989). Researchersin St. Johns,
Putnam, and Flagler Counties, including aresearch
center in Hastings, confirmed the 1989 P
recommendation of O |b/acre PO, for soils high and
very high in M-1 soil-extracted P (Hochmuth et al.,
1993b) during four consecutive crop seasons from
1988 to 1991. Soils from all sites each year had high
or very high P concentrations except the St. Johns
sitein 1991, which had medium P concentrations.
Experiments were conducted to compare varying
rates of N and K fertilizer; P fertilization was
generally omitted from all but the grower fertilization
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program. No yield advantage occurred with grower P
applications from 10 to 90 Ib/acre P205 (CsP)
compared to yields where no P was applied. Asa
result of these experiments, P recommendations were
not changed in 1995 (Hochmuth and Hanlon, 2000)
from the 1989 recommendations. Five on-farm
experiments were conducted in the late 1990s to test
the P recommendations. Soil at four sites tested high
and very high in M-1 P content and one site tested
low. There were no significant responsesto P
fertilizer (Hochmuth et al., 2002), demonstrating that
P applications are not warranted on high-P testing
soils. The average yield using all sites was 324
cwt/acre.

Five experiments were conducted in
Homestead, Florida, among the South Florida areas
where 15-20% of state potato production occurs.
These experiments were conducted during the winter
seasons of 1993-1994 (grower 1), and 1994-1995
and 1995-1996 (growers 1 and 2). Due to the marl
and rockland soilsin this area, the ammonium
bi carbonate-diethylenetriamine pentacetic acid
extractant, AB-DTPA, soil extractant was used.
Results of this soil extractant cannot be directly
related to results with the M-1 soil extractant.

Yields did not respond to P fertilization at rates
greater than 100 Ib/acre P205 in all five experimental
seasons. Optimum, 100% RY was produced with 100
Ib/acre PO, (84 cwt/acre) in one experimental
season, with 0 Ib/acre P_O_ in two experimental
seasons (191 and 140 cwt/acre), and there were
similar yield results with all P rates in two additional
experimental seasons. Because yield responses to
increased P fertilizer varied on sites with similar soil
P concentrations, further experiments are needed to
calibrate AB-DTPA soil-extracted P concentrations
with yield. Where soil P concentrations were 304
ppm, high yield was produced with 0 Ib/acre PZO5
(240 cwt/acre, 100% RY) and 90% RY with 200
Ib/acre P205' while similar yields were produced
with all P rates on soils with 285 ppm AB-DTPA
soil-extracted P. Yield responses to P fertilizer in
three experiments with 45, 70, and 60 ppm
soil-extracted P were quadratic, producing a peak
yield with 100 Ib/acre PO, (84 cwt/acre, 100% RY),
were reduced from O Ib/acre P205 (191 cwt/acre,

100% RY) to 96% RY with 200 Ib/acre PO, and

were not affected by P rates to 200 Ib/acre. Whole
leaf tissue P concentrations were above the
sufficiency rangein all experimental seasons and
were generally not affected by increased P fertilizer.

Phosphorus Summary

Yield responses to applied P rates are presented
in Figure 12. Experiments where P was not applied

were conducted to evaluate yield response to residual
soil P concentrations. Current P recommendations for
potato were based heavily on experimentsin the late
1970s and early 1980s and confirmed in experiments
during four seasons in atri-county area using M-1
soil extractant data (Hochmuth et al., 1993b), with
less emphasis placed on earlier work where
ammonium acid extractant was used (Hensel, 1962a).
Based on summarized yield responses, P fertilization
of soilswith high M-1 P concentrations greater than
30 ppm is not warranted.

120 J.

100 5% “ - §q =

X
ox

ae

X o>

®
&
-
+8 >

X4

@
8

———— NI

Relative Yield (%)

»
8
-

N
s

°

°

50 100 150 200 250 300 350 400
P,0, Rate (Ib/A)
el 156

Figure 12. Relative yield of potatoes for experiments,
years, seasons, and irrigation systems as a function of
added ons'

Research with P fertilizer sources provided
mixed results. In early work on a Placid (Ellzey) fine
sand, which does not fix large amounts of P, potato
yields were reduced one year out of three with APP
compared to DAP (Rhue et al., 1981a). Other work
on St. Johns fine sandy soil testing low in M-1
soil-extracted P showed that yields were generally
better with liquid APP, liquid ortho-P, or CSP
compared to DAP (Locascio and Rhue, 1990).

The P research cited above led to the current P
fertilization recommendations used by the Extension
Service and summarized below with the Mehlich-1 P
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index, the interpretation of the index, and the Ib/acre
P205 fertilizer recommendation in parens:

<10 ppm, very low (120 Ib/acre)
10 to 15 ppm, low (120 Ib/acre)
16 to 30 ppm, medium (60 Ib/acre)
31 to 60 ppm, high (0 Ib/acre)

>60 ppm, very high (0 Ib/acre)

Phosphorus BMPs suggested by the
research:

* Use the Mehlich-1 soil test to determine P
needs and follow the recommendations for
amounts of P fertilizer.

« High-P testing soils do not require P fertilizer.

« Given cool planting condition (January) there
might be aresponse to a small amount of P
added as a starter fertilizer to encourage young
root growth. Thisinformation is provided by the
footnotes in the UF/IFAS Extension soil testing
report.

* Required P fertilizer should be banded near the
seed piece at planting time and not broadcast
before planting.

Potassium

Potassium plays arole in sugar translocation and
starch synthesisin plants. Due to the high starch of
the potato tuber, K isan important nutrient in tuber
development (Rhue et al., 1986). Analysis of K
removed from the soil by tuber and vegetative tissues
revealed two-thirds of the removed K had
accumulated in the tuber (Yuan et ., 1985c).
Measured in crop seasons 1983 and 1984, K removed
from the soil by tubers represented from 125 to 150
Ib/acre K ,0 when 140 Ib/acre K, O was applied and
removal of 130 to 170 Ib/acre KO when 200 Ib/acre
KZO was applied in 1983 and 1984, respectively.

Researchers sought to compare the University of
Florida computerized “ Standard Fertilizer
Recommendation System,” a Mehlich-1 based
fertilizer recommendation with actual yield resultsin

aFlagler County 1981 experiment (Kidder, 1982).
Potassium (K Cl) was applied at 0 Ib/acre K, Oor the
recommended rate of 135 Ib/acre K,0 for soilsthen
considered medium in M-1 soil-extracted K (81
ppm). Nitrogen, asNH NO,, was applied at 150
Ib/acre and P, as CSP, was applied at 115 or 200
Ib/acre P,O.. All fertilizer was applied in aband 4
inches to the side of the emerging potato and 4 inches
deep. Yieldswith 0 or 135 Ib/acre K,O were not
different, averaging 344 cwt/acre of size A and B
potatoes. These yields were considered high
compared to the state average yield of 220 cwt/acre
for that season. High yields with O Ib/acre KZO
indicated 135 Ib/acre K ,O, recommended from the
“Standard Fertilizer Recommendation System,”

was excessive for soils with 81 ppm M-1
soil-extracted K.

The effects of excessive K application on soils
with high M-1 soil-extracted Caand P were
evaluated in 1983 and 1984 experiments (Yuan et al.,
1985c¢). Humaquept soils at this Hastings site were
not tested for M-1 soil-extracted K in 1983 or 1984,
and previous K concentrations were 55 and 37 ppm
from experiments conducted there in 1981 and 1982,
respectively (Yuan et a., 1985a). Following the 1982
and 1983 crop seasons, further reduction in soil K
concentrations were expected and K concentrations
were presumed to be less than 37 ppm. Potassium
was applied at planting in rates of 0, 140, or 200
Ib/acre KZO combined factorially with 100 or 150
Ib/acre N. A side-dress application of 50 Ib/acre N
and KO was applied five weeks after planting. The
effect of applied K on yield of size-A potatoes was
not significant in either year, resulting in high yields
with 200 and 140 Ib/acre K ,0 (199 and 195 cwt/acre,
100% RY) and 88% and 90% RY with 0 Ib/acre K ,O
each year. Yields were averaged using both rates of
applied N and approached the annual state average
yield each year. Where no K was applied at planting,
the K content measured in tuber tissue declined from
1.9%in 1983 t0 1.8% in 1984 (tuber tissue is about
2% K). Depletion of soil K was suspected on these
0-K plots. Excessive K application to 200 |b/acre KZO
did not reduce yields in either experiment season nor
was the concentration of Cain tuber and vegetative
tissue affected by higher rates of applied K.
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Researchers sought to determine critical K
concentrations in leaf tissue at various sampling dates
in afour-year study from 1981 to 1984 (Rhue et al.,
1986). Experiments were conducted on Ellzey fine
sand soil near Hastings where land had been in potato
production for 70 years. Potato yield responses were
evaluated with respect to applied K and soil K
concentrations determined by M-1 soil analysis each
season. Fertilizer application each year included 125
Ib/acre N applied at planting in bands to each side of
the plant row and 8 inches apart. In 1981, N and K
were side-dressed 35 days from planting at 50 Ib/acre
N and O, 25, 50, or 75 Ib/acre KZO. Researchers
expected ayield response to the side-dressed K with a
M-1 soil test of 73 ppm K, recommendations of the
time were for 135 Ib/acre KZO (Rhue and Kidder,
1984). Yields did not change with side-dressed K
rates through 75 Ib/acre K ,0. Optimum yields
occurred with 50 Ib/acre K 2O (328 cwt/acre, 100%
RY). Potassium concentrations in leaf tissue were
greater than the sufficiency range (3.0 to 4.0%) at
first blossom with 0 to 75 Ib/acre of side-dressed
K,O. Later tissue samples had adequate K
concentrations (2.0 to 3.0%) and were unchanged by
added K. Interpretation of aM-1 soil concentration of
73 ppm was changed from medium to high in 1989
(Kidder et a., 1989) and the K recommendation was
reduced from 135 to O Ib/acre K,O (Kidder et al.,
1989; Rhue and Kidder, 1984).

Soilsin 1982 and 1983 experiments tested low in
M-1 soil-extracted K, 34 and 32 ppm, respectively.
Potassium was applied at 150 or 250 |b/acre K ,0 in
1982 and at 50 and 250 Ib/acre K ,0 in 1983.
Potassium recommendations at the time were for 200
Ib/acre K,,O. Fertilizer was applied asin 1981 with
125 Ib/acre N, 0 or 200 |b/acre K0 applied in two
bands at planting followed by a side-dress application
of 50 Ib/acre N and K,0O, 35 days after planting. Yield
responded significantly (5% probability) to K ratesin
both seasons. Optimum yields occurred with 250
Ib/acre K ,0 each year (350 and 260 cwt/acre, 100%
RY , each season) and 95% and 88% RY with 150
Ib/acre K 2O and 50 |b/acre KZO each year, significant
at 5% probability. Leaf-tissue K concentrations were
within the adequate range of 3.0 to 4.0% at first
flower and 2.0 to 4.0% when tubers were half grown
with the lowest K application. Leaf-tissue K

concentrations in excess of adeguate concentrations
occurred with 250 Ib/acre of applied K ,0 each year.

In 1984, soils at a Hastings research site tested
39 ppm in M-1 soil-extracted K. Total applied K rates
were 100 to 300 Ib/acre KZO or rateslessthan or in
excess of the recommended K rate. Side-dress
applications of 50 or 100 Ib/acre K,O were applied as
part of thetotal K rate. Yields were not different with
increasing K rates or with higher amounts of
side-dressed K. High yields resulted with 300 Ib/acre
K 2O (273 cwt/acre, 100% RY) averaged using
side-dress applications of 50 or 100 Ib/acre K,0. All
yields exceeded the average yield for the Hastings
area of 240 cwt/acre for these years. Rates of K
fertilization through 250 and 300 Ib/acre K O did not
result in yield reduction in any season. Leaf-tissue K
concentrations increased significantly with higher K
rates though tissue concentrations were adequate with
the lowest rate of applied K, 100 Ib/acre K ,0.
Researchers concluded that a critical leaf-tissue K
concentration could not be determined citing annual
differencesin leaf-tissue K concentrations with a
given K rate to seasonal changesin rainfall,
temperature, and the exact time of sampling.
However, excessive |eaf-tissue K concentration of
7.0% at late season sampling (1984) was indicative
that K recommendations of 200 |b/acre KZO were too
high for soils with 39 ppm M-1 K. Application of
large amounts of K to 485 Ib/acre K,O had no effect
on yields in three experiment seasons in Hastings
from 1984 to 1986 (Locascio et al., 1991; Locascio et
al., 1992). Experiments were conducted on Ellzey
fine sands to test the yield response of potato to
increasing rates of Caand K and to determine the
correlation of Caand K concentrations with the
severity of bacterial soft rot (discussed later).
Fertilizer, including 240 or 485 Ib/acre KO (noOK
treatment) from K_SO,, was applied factorially with
0, 400, and 800 Ib/acre Ca. Nitrogen from NH 4NO3
was applied at 150 |b/acre. Formulated fertilizer was
applied at planting in bands 4 inches to each side of
the row and 4 inches bel ow the seed piece. Of the
three crop seasons, 1984 was characterized by heavy
rainfall, 1985 less than average rainfall, and 1986 was
considered very dry. Yields were similar with both K
treatments in all experiment seasons with dightly
higher yields with 485 Ib/acre K ,0 in 1984 (239
cwt/acre, 100% RY') and in 1985 (277 cwt/acre,
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100% RY), both yields were above state average
yields for these seasons. In the dry season (1986),
high yields resulted with 240 |b/acre K,0 (193
cwt/acre, 100% RY), which was less than the state
averageyield of 262 cwt/acre for 1986. With M-1
extracted soil K concentrations from 38 to 44 ppm
during this period, researchers did not expect ayield
response to the higher K rate; instead, the specific
gravity of the tuber was reduced significantly. In
spring 1992, researchers applied several K ratesto
Ellzey fine sand beds in Hastings including the
then-recommended 70 Ib/acre K,O (Kidder et d.,
1989) for medium M-1 soil-extracted K soils, 46 ppm
(Hensel and Locascio, 1992). High yields of size A
and B potatoes occurred with 70 Ib/acre K,O (267
cwt/acre, 100% RY). Thisyield exceeded the state
averageyield for 1992 of 240 cwt/acre. Yieldswith
all K rates, 0, 50, or 70 Ib/acre KO, however, were
similar. Twenty treatments were evaluated in this
experiment, and five experiments were conducted
with K sources, including coated KNOS, uncoated
KNOs, KClI, or KZSO4, and 50% coated KCI with
50% uncoated KCl applied at 50 Ib/acre K,O.An
additional five treatments consisted of these same K
sources at 70 Ib/acre K,O. Nitrogen was applied from
NH 4NO3 at 150 Ib/acre. The remaining treatments
included six treatments with coated KNO, in
combination with 25%, 50%, or 75% coated urea
applied at both K rates and two treatments of 50%
coated urea combined with 100% KNO, applied at
both K rates. Fertilizer formulations were applied to
the bed surface and lightly worked into the soil before
planting. Researchers found that no yield variation
resulted from any of the K and N source treatments.

Experimentation with K fertilization described
below was conducted in atri-county area surrounding
Hastings from 1988 to 1991 (Hochmuth et al., 19933,
Hochmuth et al., 1993Db). Yield responsesto fertilizer
rates predicted by M-1 were variable. Based on yield
responses in this series of experiments, researchers
concluded that M-1 soil tests on Spodosol or
flatwoods soils had little predictive capability for
effective K rate recommendations and reliance on soil
testing for K was discontinued for potato in this area.
A recommendation of 140 Ib/acre K_O, irrespective
of the M-1 soil test index, replaced tﬁe graduated K
recommendation made from the M-1 results. From
observation of yield results with increasing rates of K

fertilization, including the grower fertilization
practices, researchers found that potato yield and
quality did not increase with K fertilization rates
above the 1989 recommended rates (Kidder et
al.,1989). In six of seven experimentsin 1988 and
1989, yields were similar with application of 0 to 300
Ib/acre K,0.

Excessive leaf-tissue K concentrations were
measured at early bloom (> 5.0%, 1988) and at full
bloom (> 4.0%, 1988 and 1989) with all rates of
applied K (Hochmuth et al., 2009; Hochmuth et al.,
19934). In 1990, leaf-tissue K concentrations were
within the sufficiency range or exceeded sufficient
concentrations at pre-, early-, and full-bloom
sampling with applied K rates from 70 to 140 Ib/acre
K,0.

In 1990 and 1991, four of the eight experiments
resulted in linear or quadratic responses to applied K
(Hochmuth et al., 1993a; Hochmuth et al., 1993b).
Three of these experiments required greater than the
1989 recommended rates (Kidder et al., 1989) to
produce optimum yields, the fourth required less than
the recommended rate, and the remaining four trials
resulted in similar yields with K rates from 0 to 310
Ib/acre K 2O. Averageyield response using all four
experiment seasonsto K rates of 140 or 160 Ib/acre
K0, from 12 of the 15 experiments where these K
rates were evaluated, resulted in 97% RY . Based on
this average yield response and frequently excessive
leaf K concentrations with lower K rates, researchers
determined 140 Ib/acre K ,Owas sufficient for
optimum yields and adjusted the K rate
recommendation to 140 Ib/acre K ,0 for al soils
regardless of their concentration of M-1 extractable K
(Hochmuth and Hanlon, 2005). Commercial growers
surveyed in northeast Florida were found to apply an
average of 280 Ib/acre K,0 (Kidder et al., 1992),
therefore the new recommendation could save
considerable amounts of K fertilizer.

In 1992 and 1993, large-scale demonstrations
were conducted on sites that were a minimum of one
acrein size (Hochmuth et al., 1993a; Hochmuth et al.,
1993b). These demonstrations were done on
commercial-size scale to field-test the new fertilizer
recommendations. Experimentsin 1992 were
conducted with commercial K rate applications from
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235 to 280 Ib/acre K ,O and reduced K rate
applications from 135 to 180 Ib/acre K,0. Yields
with the lesser K rate were generally equal to yields
with the higher K rate. Delayed application of the
side-dressed K in one year was attributed to lower
yields (74% RY) as compared to the grower yieldsin
one of the four experiments. Yieldswere up to 2.4
times greater than the average Hastings area yield of
200 cwt/acre for this season. In 1993, yields with
commercia K rates from 225 to 340 Ib/acre KZO
were generally equal to yields with reduced K rates
from 85 to 190 Ib/acre K ,0. As with the previous
season, yields were up to 1.8 times higher than the
average Hastings areayield of 180 cwt/acre for that
season. Both commercial and reduced K rate
applications were well in excess of 1989
recommended rates based on M-1 soil test results.
Poor N or K application timing was cited in two
experiments, resulting in lesser yields with the
reduced rate compared to the commercia rate.
Adherence to the recommended application of 175
Ib/acre N, one-half to two-thirds at planting with the
remainder applied 35 days from planting, and
application of 140 Ib/acre K,O applied in equal
amounts at planting and side-dress was cited for high
yield results (Kidder et al., 1992).

The single K rate recommendation of 140 Ib/acre
K,O (Hochmuth and Hanlon, 2000) for soils with any
M-1 tested K concentration, based on the above
summarized tri-county research, was evaluated for
potatoes grown in South Florida (Hochmuth et al.,
1998). Five experiments were conducted in
Homestead, Florida, in the winters of 1993-1994
(grower 1), 1994-1995, and 1995-1996 (growers 1
and 2). Patassium was applied from 0 to 200 Ib/acre
K,0 in four of these experimental seasons and from 0
to 240 Ib/acre K,O in afifth experimental season. The
soil extractant ammonium
bi carbonate-di ethylenetriamine pentacetic acid,
AB-DTPA, was used due to the marl and rockland
soilsin this areato evaluate soil K concentrations.
Soil nutrient concentrations determined with
AB-DTPA extractant are not interpreted as soil
concentrations determined with M-1 extractant.

Y ields maximized with between 99 and 100%
RYsin all of these experiments with K rates |less than
140 Ib/acre K,0 (Hochmuth et al., 1998). Maximum

yields occurred between 50 and 120 Ib/acre K ,O
resulting in yields of 87, 193, 134, 239, and 146
cwt/acre. Aswith the tri-county experimentsin
northeastern Florida, yield responses to applied K
fertilizer were not dependent upon soil-extracted K
concentrations. A yield response to 120 Ib/acre K ,0
resulted where the extracted soil K concentration was
60 ppm. However, no yield response resulted where
the soil K concentration was 71 ppm. An increased
soil-extracted K concentration of 122 ppm resulted in
aquadratic yield response leveling off with 100
Ib/acre K,O. Yield responses did not differ with K
rates where soil-extracted K was 274 ppm and no
discernible yield trend resulted to increased K rates
where soil-extracted K was 787 ppm. The predictive
capability of the AB-DTPA soil test, as with the M-1
soil test in North Florida, was not effective for K
fertilization recommendation on marl and rockland
soils and the 140 Ib/acre K ,0 recommendation
appeared sufficient for high yield on soils throughout
the state. Whole |eaf-tissue K concentrations were
above the sufficiency rangein all experiments.

Conditions Linked to Over-Fertilization with
Potassium

Over-fertilization with K is cited in the literature
as afactor for reduced specific gravity in potato and
increased occurrence of potato soft rot in some
experiments. Higher soil fertility generaly resultsin
increased water uptake by plants, which resultsin
lower solids content and specific gravity of the tuber
in potato plants (Hensel, 1967). Although potatoes
with high specific gravity produce more potato chips,
other quality characteristics such as crispness and
color uniformity of chips, which are not affected by
specific gravity, can be more important. Florida
'Sebago' potato was described as the favored
chipping potato in Hastings since 1942 for these
guality characteristics, despite the relatively low
specific gravity (1.0696). Research on the effects of
K sources K,SO, or K Cl on the specific gravity of
potato was evaluated throughout six planting seasons
from 1954 t01959 in Hastings (Myhre, 1959). In the
last season, changes in specific gravity were
evaluated using three K rates, 100, 200, or 300
Ib/acre K,O applied in bands at planting or applied
broadcast at 200 Ib/acre K.,O.
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Generally potato plants fertilized with K,SO,-K
resulted in tubers with higher specific gravity than
those fertilized with KCI. Exceptions occurred in
which higher specific gravity resulted from KCl
fertilized plants, when excessive rainfall required
midseason K side-dressing. Specific gravity increased
through 200 Ib/acre of band-applied KO and
decreased significantly with 300 Ib/acre K ,0. Other
factors had an observed effect on specific gravity of
'Sebago' potato tubers, including soil moisture.
Tubers grown further from the irrigation furrow to 55
feet had higher specific gravity than those grown 5
feet from the irrigation furrow (1.0635 to 1.0655,
respectively). Broadcast fertilizer application resulted
in tubers with increased specific gravity compared to
tubers grown where K was applied in bands at 200
Ib/acre K,O.

Specific gravity of potatoes decreased
significantly (at 1% probability) in two of three
seasons with increased K rate fertilization from 240
to 485 Ib/acre K,O in Hastings research (Locascio et
a., 1991; Locascio et al., 1992). Researchers sought
toidentify excess K fertilization as afactor in
bacterial soft rot development in potato tubers. This
disorder and other disorders of potato tubers can be
worsened by Ca deficiency, which can occur in soils
where K+, NH4+, and Na+ from dissolved fertilizer
compete with Cat++ for uptake by the root. Florida
potato production soils with typically low to
moderate, 400 to 800 ppm (M-1), concentrations of
Ca prompted spring 1984, 1985, and 1986
experiments with Caand K in Hastings. Calcium was
applied at rates of 0, 400, or 800 Ib/acre in factorial
combination with 240 or 485 Ib/acre KZO. Fertilizers
were formulated and applied in bands 4 inches below
the bed surface and 4 inches to each side of the seed
potato. Soil K concentrations extracted by M-1 soil
test were medium each season.

Tuber decay responses to varying rates of K and
Cafertilizer varied with the cultivar, but rainfall had
the greatest effect on tuber decay resulting in 49%
disease severity in the wet 1984 season, compared to
11 and 4% in the drier seasons of 1985 and 1986,
respectively. Calcium and K were moved downward
through the soil during the wet season, resulting in
less Ca accumulation in the tuber compared to the
drier seasons where subsurface irrigation maintained

soil fertility, increased tuber Caand K accumulation,
and decreased severity of bacterial soft rot. Variation
among 'LaChipper', 'Superior', and 'Atlantic' in

three seasons to Caand K fertilization made a decay
response difficult to assess.

Potassium Summary

The 1978 recommendation of 200 Ib/acre K ,O
for irrigated mineral soils (Montelaro, 1978) was
reduced in 1989 to 140 Ib/acre for very low and low
K soils, 70 Ib/acre for medium soils, and O Ib/acre for
high and very high K soils based on M-1 soil test
(Kidder et a., 1989). Potassium recommendations
were revised further in 1995 (Hochmuth and Hanlon,
1995) to a blanket recommendation of 140 Ib/acre
KO for soilstesting from very low to very highin
M-1 soil-extracted K in north Florida and for all soil
K concentrations extracted with the AB-DTPA sail
test in south Florida. Researchers cited inconsistent
yield response to applied K regardless of soil K
concentrations as reason for the revised K
recommendation. Data on leaf-tissue K
concentrations supported the revised
recommendation with K concentrations often
exceeding the sufficiency range with low rates of
applied K. Such variahility was likely due to the
mobility of this nutrient in sandy soils. Yield
responsesto K rates greater than 140 Ib/acre K,O
were split. In some experiments, yields remained high
through 500 Ib/acre K,,O, whilein others, yields
dropped as much as 50% with applied K rates through
300 Ib/acre K ,0 (Fig. 13). Potato yield responses to
K fertilization from experiments, summarized in Fig.
13, appeared to level off after 100 Ib/acre K,0.
Reduction in the specific gravity of potatoes, or
decreased chipping quality, frequently resulted with
higher rates of applied K. Favorable growing
conditions expressed as the number of growing
degree days (Rhue et al., 1986) often had a greater
effect on potato yields than rates of applied K
fertilizer.

Since K leachesin sandy soils, total K
application should be split into two applications with
some K applied at planting or at cracking. Potato yield
did not respond to K source on a soil testing medium
in M-1 K. Yields were similar for soluble KN03,
KCI, and K,SO A for acontrolled-release (CR)
KNO,, and for various mixtures of soluble and CR
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Figure 13. Relative yield of potatoes for experiments,
years, seasons, and irrigation systems as a function of
added K20.

sources.
Summary

There has been alarge amount of research
conducted on potato nutrient and irrigation
management, making potato one of the most actively
researched cropsin Florida for fertilizer management.
Research throughout the past 70 years supports the
current target recommendation of 200 Ib/acre N for
optimal potato yields with only sporadic yield
increases slightly greater than 200 Ib/acre N up to 225
Ib/acre N. Excessive N sometimes reduced yield and
specific gravity of potatoes. Many studies involving
many varietiesin several decades do not indicate any
large varietal differencein N requirements. The
variety 'Atlantic' has been used in the mgjority of
fertilizer studies since the early 1980s through the
present. Early research with controlled-release N
sources SCU, IBDU, and agel-infused
urea-ammonium-nitrate did not increase yields
compared to potatoes grown with soluble N sources.
However, more recent studies with newer
polymer-coated N sources showed N rates could be
reduced to less than the current recommendation and
that the combination of controlled-release fertilizers
and reduced rates resulted in less N leaching. Studies
are needed to follow N in the soil system asit relates
to N and irrigation management. Additional
large-scal e demonstrations completed on commercial
farms using recommended nutrient management
programs are needed in al potato production areas.
Phosphorus and K recommendations tested through
experimentation appear to be on target for the needs

of potato while minimizing impact on the
environment. The mobility of K in the sandy
Hastings-area soils and the reduced predictive
capability of soil K tests, M-1 in the Hastings area
and AB-DTPA in the Homestead area, led to
abandonment of K testing in favor of asingle target
rate of K, 140 Ib/acre K,0. Excessive K application
often resulted in areduction of specific gravity of
potatoes. The application timing of mobile nutrients,
suchas N or K, was important for greatest yields. N
fertilizer can be withheld until plant emergence. All N
and K fertilizers need to be applied by 35 to 40 days
after planting.
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Table 1. Yield results from N fertilizer studies near Homestead, Florida.

Fertilization Yield (cwt/acre) (Relative Yield (%))
(Ib/acre) Grower 1 Grower 2
N 1993-94 1994-95 1995-96 1994-95 1995-96
0 83(100) 131(66) 89(63) 180(81) 123(88)
40 72(87) 114(81) 206(92) 140(100)
50 160(81)
80 79(95) 126(89) 220(97) 117(84)
100 179(90)
120 74(89) 119(84) 201(90) 116(83)
150 187(94)
160 67(81) 141(100) 223(100) 116(83)
190 198(100)
|_Significance L* AXH** AR ** NS A*
Anova (A) significant at 5%(*) or 1%(**) probability levels or not significant(NS).
Trends were linear (L) or quadratic (Q).

Table 2. Grower field studies of potato response to P fertilization in Homestead, Florida.

Fertilization Yield (cwt/acre) (Relative Yield (%))
(Ib/acre) Grower 1 Grower 2
P205 1993-94 1994-95 1995-96 1994-95 1995-96
0 68(81) 191(100) 140(100) 220(88) 139(100)
50 60(71) 102(73) 213(85) 139(100)
60 173(91)
100 84(100) 134(96) 236(94) 129(93)
120 174(91)
150 82(98) 126(90) 250(100) 124(89)
180 177(93)
200 61(73) 126(90) 223(89) 111(80)
240 184(96)
_Significance AF*L*Q* L** L* NS NS
Anova (A) significant at 5%(*) or 1%(**) probability levels or not significant(NS).
Trends were linear (L) or quadratic (Q).
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Table 3. Homestead potato K-rate studies

Fertilization Yield (cwt/acre) (Relative Yield (%))
(Ib/acre) Grower 1 Grower 2
K20 1993-94 1994-95 1995-96 1994-95 1995-96
0 73(84) 182(94) 113(84) 214(89) 145(99)
50 75(86) 134(100) 239(100) 124(85)
60 183(94)
100 87(100) 119(89) 219(92) 146(100)
120 193(99)
150 86(99) 129(96) 205(86) 121(83)
180 194(100)
200 73(84) 125(93) 201(84) 101(69)
240 185(95)
Significance L*Q* L* NS NS A*
Anova (A) significant at 5%(*) or 1%(**) probability levels or not significant (NS).
Trends were linear (L) or quadratic (Q).






