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Scope 
Tis document is intended to address agronomic and 
environmental issues related to phosphorus (P) dynamics 
in Florida agricultural soils and soil test P interpretation 
and management for agricultural crops. Tis document 
aims to provide science-based information to agricultural 
clientele, including commercial producers, small farmers, 
Extension agents, crop consultants, landscape professionals, 
representatives of the fertilizer industry, state and local 
agencies, students and instructors of high schools and 
colleges, researchers, and interested Florida citizens. 

Background 
Phosphorus is an essential element for plant growth and 
agricultural productivity. Soil P exists in both organic and 
inorganic forms. Organic P forms account for approxi-
mately 65% or less of total soil P and are mainly derived 
from humus, phospholipids, and nucleic acids. Te organic 
matter content in coastal plain sands of the Southeast and 
South (the predominant soil type in Florida) tends to be 
lower compared to northern regions of the United States 
(Mylavarapu et al. 2014). Soil inorganic P includes calcium 
(Ca), iron (Fe), and aluminum (Al) phosphates, compounds 
with varying solubilities, along with orthophosphates. 
Although inorganic P generally accounts for 35% or more 
of total soil P, dissolved P in soil solution is typically less 

than 5 ppm. Crop P requirements must be assessed and 
managed more carefully than some other nutrients in order 
to provide for adequate plant uptake, while minimizing 
P losses from agricultural felds. When soil P defciencies 
are identifed through soil and tissue testing, P recom-
mendations are based on the amount of P required to 
meet the crop nutrient requirements during the current 
growing season. High-value crops in some circumstances 
may demand greater fertilizer inputs to obtain economical 
crop yields. Over-application of P at levels that exceed crop 
requirements and/or exceed the P-holding capacity of the 
soil can result in negative economic and environmental 
consequences, such as soil P accumulation and subsequent 
of-site transport (i.e., leaching and runof). In the 
predominantly sandy-textured soils of peninsular Florida, P 
can also leach vertically down the soil profle. 

P Dynamics in Florida Soils 
A number of soil properties, along with site-specifc 
characteristics, afect P management in agricultural produc-
tion systems. 

Plant-Available Forms 
Plants predominantly take up inorganic forms of nutrients, 
and the two inorganic forms of P are primary orthophos-

-phate forms—H2PO4  (the predominant form in acid soils) 
and HPO4

2- (the predominant form in calcareous soils). 
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Mobility in Soils and in Plants 
Inorganic P is typically immobile in soils because it is 
subject to fxation with Al and Fe compounds in acid soils 
and Ca in alkaline soils, rendering the P into insoluble 
forms. Terefore, soluble P can be sorbed in soils and 
become unavailable quickly afer application for both 
high- and low-pH soils, and in the presence of Ca or Al and 
Fe, respectively. 

However, once inorganic P is absorbed through roots, P 
becomes mobile within the plants. Terefore, P-defciency 
symptoms can frst be noticed in the older developed 
leaves, because they are sacrifced to support P nutrition for 
younger, expanding leaves. 

Soil Variability 
In addition to topography, soil physical and chemical 
properties vary widely in Florida. For instance, soil thick-
ness, water table depth, seasonal water table fuctuation, soil 
texture, soil reaction (pH), organic matter content, relative 
P sorption capacity, etc. vary widely across soil types. 
Despite the wide range of soil types, the predominantly 
sandy soils in Florida have minimal P-retention capacity, 
and therefore P can be subject to leaching. 

Additionally, the surface horizon of certain soils, such 
as Spodosols, contains limited amounts of Fe and Al 
compounds, which consequently diminished the capacity to 
retain added P. Conversely, the subsurface spodic horizon 
of Spodosols ofen retains signifcant amounts of P in forms 
that can be utilized by plants, but the roots cannot reach or 
penetrate the hardened spodic horizon. Additional details 
on Florida soils and soil fertility can be obtained from EDIS 
publication SL 441, Agricultural Soils of Florida (Mylavar-
apu, Harris, and Hochmuth 2019). 

P Solubility 
Just like for most other nutrients, P solubility in soils is 
mostly governed by soil pH. Research studies have long 
established the solubility pH range in soils to be between 
6.0 and 6.5 for P. Unless soil pH is managed between 6.0 
and 6.5, it is likely that P is soluble and less plant-available. 
Both Fe and Al compounds dominate the soil environment 
below 6.0 pH in acid soils, and Ca compounds overwhelm 
soils with pH above 7.4. 

Phosphorus solubility is also driven by difusion to main-
tain equilibrium with the surrounding soil solution, which 
is typically <5 ppm. 

Soil Testing for P 
Routine soil fertility tests usually refer to a relatively rapid 
nutrient extraction resulting in an available soil nutrient 
value that is correlated with crop response to fertilization. 
Examples of commonly used soil nutrient extractants are 
Mehlich-1 (M1) and Mehlich-3 (M3) (Zhang et al. 2014), 
which are mostly used for fertilizer P and K rate recom-
mendations. Although most modern soil test laboratories 
use similar soil extraction and quality control procedures 
along with comparable instrumentation, fertilizer rate 
recommendations from each laboratory may difer some-
what, even when numerical soil test results are identical 
(Liuzza et al. 2020; Sharpley et al. 2017). Te reason is that 
numerical soil test values are interpreted according to the 
feld research results observed locally in individual states. 
Terefore, soil P index categories of very low, low, moder-
ate, high, and very high are established for each commodity 
in each state based on ranges of extractable P. Te soil 
fertility laboratories and professionals that also interpret 
soil test results may have diferent fertilization philosophies. 
Although multistate collaborations have addressed nutrient 
management concerns across states (Brown 2012; Heckman 
et al. 2006; Miller, Gavlak, and Horneck 2013; Kitchen et al. 
2017), the primary objectives of public soil testing pro-
grams remain to develop sound nutrient recommendations 
based on science and to standardize soil test procedures 
and soil test interpretations that produce accurate recom-
mendations for similar crops and soils (Chuan et al. 2013; 
Mylavarapu et al. 2002). 

Te M1 extractant is especially suited to acidic and low-
organic-matter mineral soils of the southeastern United 
States (Mylavarapu et al. 2002), but it is less reliable when 
used in near-neutral (pH >6.0) or calcareous soils having 
high cation exchange capacity (CEC) and high base 
saturation (Holford 1980; Peaslee 1978). In recent years, a 
number of laboratories in the southeastern United States 
have adopted M3 as the ofcial method of extraction, 
replacing M1 and other methods, because M3 is suitable for 
a wider soil pH range when compared to M1, and it can be 
used to simultaneously extract multiple nutrients (Zhang 
et al. 2021, in revision). Terefore, the M3 procedure is the 
best-suited extraction procedure for soil testing across the 
wide range of soils and ecosystems in Florida. 

Crucial to the success of soil testing is developing standard-
ized procedures (extractant and analytical methods), test 
interpretation, and nutrient recommendations, all based 
on feld calibration and validation. Detailed information 
on soil testing, soil test extractants, and the correlation and 
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calibration processes, along with fertilizer recommendation 
policies, can be found in the following EDIS documents: 

1. Soil Testing for Plant-Available Nutrients—What Is It and 
Why Do We Use It? (SL 408) 

2. Developing a Soil Test Extractant: Te Correlation and 
Calibration Processes (SL 409) 

3. Fertilizer Recommendation Philosophies (SL410) 

4. Extraction of Soil Nutrients Using Mehlich-3 Reagent for 
Acid-Mineral Soils of Florida (SL 407) 

Traditional soil testing and feld calibration and validation 
have gradually lost grant funding as priorities have shifed 
to water quality since the 1990s. In Florida, current recom-
mendations have been calibrated and validated to a limited 
extent as a part of other water quality studies. Validation of 
Mehlich-3 based interpretation and recommendation was 
done at diferent locations and on diferent crops as a result 
of funding from FDACS and FDEP for 2 years. No response 
to P applications above UF/IFAS-recommended rates was 
recorded in these studies, except that in one case the soils 
tested low (<25 ppm) in P. Studies were conducted across 
two seasons on tomatoes in south Florida and southwest 
Florida, lettuce in the Everglades Agricultural Area (EAA), 
and peanuts in north central Florida. All other crops were 
studied for only one season (Mylavarapu, Hochmuth, et al. 
2018; Mylavarapu, Morgan, et al. 2018). 

Soil pH and Gypsum 
Soil pH management is the most important step for suc-
cessful agricultural production. However, soil pH levels in 
Florida mineral soils have been shifing higher in several 
locations, along with organic soils in the EAA. Reasons 
for increasing soil pH levels in Florida soils and possible 
solutions can be found in SL 437 (Mylavarapu et al. 2019). 
Nutrients, particularly P, will be much less soluble and 
therefore plant-available at soil pH above 7.0. Due to 
several reasons related to management, at times the soil 
pH in naturally acidic regions can result in elevated pH 
levels (into the alkaline range with soil pH >7.0). In such 
cases, lowering soil pH to 6.0–6.5 range can help increase 
availability of several plant essential nutrients along with P. 
However, lowering pH in naturally calcareous soils, such 
as those in Miami-Dade County, which have high calcium 
carbonate content, should not be attempted. 

Florida vegetable growers are typically known for applying 
a signifcant amount of gypsum (CaSO4) to their felds 
at planting, particularly for crops such as tomato, potato, 

pepper, melons, etc. Addition of high amounts of calcium-
rich soil amendments, such as gypsum (CaSO4), is a regular 
part of the nutrient programs in vegetable production 
systems across the state. Limited information in published 
research is available on the benefts of high gypsum applica-
tion to Florida vegetable crops. Calcium in the rootzone 
will alter the P sorption chemistry, and almost all of the 
applied P may be immediately rendered unavailable at soil 
pH >7.0. 

Site-Specifc Soil Test 
Interpretations 
To address the variability in soil properties within a 
production system, as well as variations across the state, 
standardization of soil test procedures and interpretations 
to soil tests should be developed based on site-specifc 
conditions and local management styles. For the purposes 
of soil testing, Florida soils have been separated into three 
categories: acid-mineral, muck, and calcareous soils. 

1.Acid-Mineral Soils 

For the predominant acid-mineral soils of Florida, where 
Mehlich-3 extractant is used, the interpretation of soil tests 
is as shown below. 
Table 1. Soil test interpretation for Mehlich-3 extraction 
method for agronomic and horticultural crops and landscapes 
(mg kg-1) 

Nutrient Interpretation (mg kg-1) 

Low Medium High 

P <25 26–45 >45 

K <35 36–60 >60 

Mg <20 21–40 >40 

2.Organic (Muck) Soils 

Similarly, for organic (muck) soils in the EAA, the 
Mehlich-3 method is used for P estimation, and it includes 
a unique interpretation for sugarcane producers of the 
region (Table 2). For vegetables and feld corn, a water 
extraction method is used (see Table 3). 

Banding P fertilizer is a BMP for sugarcane in the EAA, 
with the objectives of increasing crop availability of P and 
reducing P rates. Because sugarcane is a perennial multiyear 
crop, it is difcult to obtain representative soil samples on 
which to base fertilizer for ratoon crops afer banding the 
fertilizer in previous years. Terefore, the recommendations 
for each crop in Table 2 are based on preplant soil samples. 
Research results of decline in soil test values over time were 
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used to develop the ratoon P recommendations based on 
expected soil test values and crop P requirements. 

Table 2. Recommended phosphorus fertilizer for each 
sugarcane crop based on preplant Mehlich-3 extractable 
phosphorus (Pm) for sugarcane grown on organic soils in the 
Everglades Agricultural Area. 

Pm Index Plant Ratoon 1 Ratoon 2 Ratoon 3+ 

g/m3 lb P O /acre 2 5

<8 75 75 60 50 

9–15 60 60 50 50 

16–20 50 50 40 40 

21–25 40 40 40 40 

26–30 0 30 30 40 

31–35 0 0 20 30 

36–40 0 0 0 20 

>40 0 0 0 0 

3.Calcareous Soils 

For calcareous soils of Miami-Dade County, the mostly 
inefective AB-DTPA soil extractant procedure has been 
replaced by Mehlich-3 extractant afer considerable long-
term eforts and research and the approval by the UF/IFAS 
Plant Nutrient Oversight Committee (PNOC) in early 
2020. Subsequent to the implementation of the Mehlich-3 
procedure for this county, the test interpretation has been 
revised based on the research data as shown below. 

Table 4. Soil test interpretation for Mehlich-3 extraction 
method for agronomic and horticultural crops and landscapes 
in Miami-Dade County. 

Nutrient Low Medium High 

(mg kg-1) 

P ≤76 77–104 >104 

K ≤85 86–150 >150 

Summary 
For sustainable management of all nutrients, particularly 
P, several physical and chemical properties of soils, land-
scape features, and sources of P have to be considered to 
maximize profts and minimize environmental losses. Soil 
testing programs primarily focus on the targeted soil pH 
range for enhanced solubility and efcient uptake. Higher 
pH ranges and application of Ca-based amendments can 
directly afect the solubility of applied P and can minimize 
plant uptake efciency. Alkaline pH ranges can also afect 
the solubility of other plant-essential nutrients negatively 
and can result in limited success of soil test procedures and 
recommendations. Such management diferences in the 

felds can result in inconsistent responses to added nutrient 
applications and render soil test interpretations inefective. 

Consideration of site-specifc characters will help in choos-
ing the right source, place, time, and rate of P application. 
Educational eforts on appropriate management strategies 
should be developed and provided to clientele. Long-term 
research and calibration work is needed to develop site-
specifc interpretations and validations for diferent regions, 
crops, and management approaches in Florida. 
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Table 3. Recommended phosphorus fertilizer for selected crops grown on organic soils in the Everglades Agricultural Area based 
on water-extractable phosphorus (Pw). 

Pw 
Index 

Broccoli Cabbage Celery Field 
corn 

Sweet 
corn 

Crisphead 
lettuce 

Endive Parsley Radish Romaine Snap 
beans 

lb/acre Recommended lb P O /acre 2 5

0 140 140 260 240 160 200 200 340 100 200 100 

1 140 140 260 240 160 200 200 340 100 200 100 

2 140 140 260 240 160 200 200 340 100 200 100 

3 140 140 260 240 160 200 200 340 100 200 100 

4 120 120 240 220 147 192 192 320 80 192 120 

5 100 100 220 200 133 183 183 300 60 183 100 

6 80 80 200 180 120 175 175 280 40 175 80 

7 60 60 180 160 107 167 167 260 20 167 60 

8 40 40 160 140 93 158 158 240 0 158 40 

9 20 20 140 120 80 150 150 220 0 150 20 

10 0 0 120 100 67 142 142 200 0 142 0 

11 0 0 100 80 53 133 133 180 0 133 0 

12 0 0 80 60 40 125 125 160 0 125 0 

13 0 0 60 40 27 117 117 140 0 117 0 

14 0 0 40 20 13 108 108 120 0 108 0 

15 0 0 20 0 0 100 100 100 0 100 0 

16 0 0 0 0 0 92 92 80 0 92 0 

17 0 0 0 0 0 83 83 60 0 83 0 

18 0 0 0 0 0 75 75 40 0 75 0 

19 0 0 0 0 0 67 67 20 0 67 0 

20 0 0 0 0 0 58 58 0 0 58 0 

21 0 0 0 0 0 50 50 0 0 50 0 

22 0 0 0 0 0 42 42 0 0 42 0 

23 0 0 0 0 0 33 33 0 0 33 0 

24 0 0 0 0 0 25 25 0 0 25 0 

25 0 0 0 0 0 17 17 0 0 17 0 

26 0 0 0 0 0 8 8 0 0 8 0 

27 0 0 0 0 0 0 0 0 0 0 0 

28 0 0 0 0 0 0 0 0 0 0 0 

29 0 0 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 0 
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