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This publication provides information about the history of 

soil testing calibrations and justification for 

recommending soil nutrient extraction, via the Mehlich-3 

extractant, for calcareous soils in Miami-Dade County. 

By definition, calcareous soil has an abundance of 

calcium carbonate. The dominant soils in Miami-Dade 

County fall into this category, resulting in high pH levels. 

This document also includes the University of Florida’s 

Institute of Food and Agricultural Sciences (UF/IFAS) 

approved Mehlich-3 extractant-based testing 

interpretations and recommendations for these soils. 

This publication intends to elucidate an appropriate 

approach for analyzing the unique calcareous soils from 

Miami-Dade County for plant available nutrients. The 

target audiences of this document are Extension agents, 

agronomists at soil testing laboratories, crop advisors, 

growers, state and local agency representatives, and 

others concerned about soil testing and plant analysis in 

Miami-Dade County. 

Calcareous Soils in Miami-Dade 

County 
Calcareous soils contain 1%– 90% lime material as 

calcium carbonates (SSSA 2021). Soils in Miami-Dade 

County have a carbonate equivalent of 3%–94%, with 

pH ranging from 7.3 to 8.2 (Zhou and Li 2001). 

Calcareous soils in Miami-Dade are derived from Miami 

oolite limestone. The soils are categorized into two 

groups: marl soil and rocky or gravelly soil (Li 2018). 

Marl soils cover low-lying lands in south Florida, mainly 

in Miami-Dade and Monroe Counties, including parts of 

Everglades National Park. Most of the marl soils in 

Miami-Dade County have been artificially drained and 

cultivated to produce winter vegetables, field-grown 

ornamental crops, and some tropical fruit. Gravelly soils 

have a higher elevation (about 5 ft.– 20 ft. above sea 

level) than areas where marl soils are found. Gravelly 

soils were created in rocky pinelands by rock plowing, a 

process employed to crush the oolitic limestone bedrock 

with a scarifying plow front-mounted on a large 

bulldozer. These soils are suitable for any crops, 

including tree crops, for which growers often created 

intersecting trenches (10 in.–24 in. deep) (Colburn and 

Goldweber 1961). 

History of Soil Testing Calibration in 

Miami-Dade County 

Extraction with Water 
Due to the unique properties of calcareous soils, soil 

nutrient extraction methods used to test these soils in 

Miami-Dade County have always differed from those 

used for sandy and organic soils in other regions of 

Florida. A water extraction method developed by 

horticulturists in the early 1960s was used for several 

years for Miami-Dade soils. In 1963, Dr. B. Llewellen 

developed an informational leaflet titled Suggested Soil 

Nutrient Levels (Water Extraction); but this guide was not 

supported by field calibration data. The Dade County 

Extension Soil Laboratory Director, Dr. J. D. Dalton, 

stated that the fertilizer recommendations for growers 

were based on the results of the water extraction method 

and his own personal experience (Hanlon et al. 1999). 

Extraction with AB-DTPA 
Florida adopted Mehlich-1 (diluted double-acid) as its 

official extractant for acid-mineral soils in the 1970s. This 

method has been ineffective for calcareous soils 

because the weak acidity of the extractant can easily be 

neutralized by high-pH calcareous soils. Therefore, 

efforts continued to identify an effective, different 

extractant for calcareous soils. Hanlon et al. (1996) 

conducted field trials from 1991 to 1992 in Miami-Dade 

County on tomato to evaluate the Ammonium 

Bicarbonate-Diethylene Triamine Pentaacetic Acid (AB-

DTPA) extraction—hoped replacement for ambiguous 

water extraction. In 1994, soil testing calibration was 

expanded to include other vegetable crops such as 

malanga, sweet corn, potato, green bean, and tomato 

under the project funded by FDACS and SFWMD, 

addressing the crop nutrient requirements (CNR). 

Additional experiments that addressed fruit crops and 

vegetables with water quality components were also 

conducted from 1995–1997 (University of Florida, Crop 

Nutrient Requirements, 2017). Data from these projects 

showed the proposed AB-DTPA extractant often 

correctly identified soils for vegetable production in the 

high phosphorus (P) range (Figure 1). 
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Figure 1. Sweet corn P experiments from crop nutrient requirements (CNR) project, Dade County, 1994–1996 (Hanlon 

et al. 1999). The squares represent individual field trials and are labelled with yield response (NS = not statistically 

significant), grower ID, growing season, leaf P response to fertilizer application, and mean concentrations of leaf P at 

pre-tassel and full silk stages. mg/kg = ppm. 

Credit: Lamberts and O’Hair, UF/IFAS 

In 1998, UF/IFAS Extension state specialists and agents 

reviewed vegetable fertilization recommendations for 

Miami-Dade County as the newly formed Working Group 

for Miami-Dade County Soil Testing. In 1999, this group 

recommended the adoption of AB-DTPA as the 

extracting method for soil P in Miami-Dade County. The 

UF/IFAS Plant Nutrient Oversight Committee (PNOC) 

approved the recommendation; its proposed P 

interpretation scale for the AB-DTPA extractant for 

calcareous soils is presented in Table 1 (Hanlon et al. 

1999). Ranges are based on Soltanpour (1991) and 

verified with data from the CNR project. This soil testing 

interpretation was added to UF/IFAS Standardized 

Fertilization Recommendations and used by the UF/IFAS 

Extension Soil Testing Laboratory (ESTL). A note was 

added to the reports of soils with high pH stating: 

This soil has been determined to be calcareous in 

nature. Previous research studies had shown that only 

the Ammonium Bicarbonate-DTPA (AB-DTPA) extraction 

method had limited field calibration for soil P. No 

calibrations, however, were possible for any other 

nutrients. Therefore, only P recommendations will be 

provided solely for successful crop performance and 

yields. Efforts are being made to conduct research 

studies to identify an alternate improved extraction 

method, and the interpretations and nutrient 

recommendations may be modified after subsequent 

field calibration and validation. 

However, the AB-DTPA extraction was not calibrated for 

soils with AB-DTPA extractable P less than the 

interpretation scale (10 ppm) due to a lack of 

experimental sites with low soil P. Further, no plant 

nutrients other than P could be interpreted for crop 

requirement using this extraction method. 

Table 1. Proposed P interpretation scale for the AB-

DTPA extractant for calcareous soil (Hanlon et al. 1999). 

Element 

  

Interpretation (mg/kg) 

Low Medium High 

P 0-5 6-10 >10 

Extraction with Mehlich-3 
A statewide research project had intended to calibrate 

soil test interpretations and develop nutrient 

recommendations for major commodities grown across 

Florida (Florida Department of Agriculture and Consumer 

Services & University of Florida 2018). Contributing to it 
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from 2014–2016, we conducted a 2-year field trial with 

tomato grown in a calcareous soil with low background P 

in Homestead, FL. This study compared three extraction 

methods (AB-DTPA, Olsen, and Mehlich-3) for soil P and 

potassium (K). (The results are detailed in the following 

section.) We concluded that the Mehlich-3 extraction 

method should replace the AB-DTPA method, and our 

recommendation was approved by the PNOC in 2020. 

Soil Test Calibration with Mehlich-3 

for Calcareous Soils in Miami-Dade 

County 
Soil test calibration experiments for calcareous soils 

were conducted in Homestead, FL from 2014 to 2016 

(Figure 2). Since these new projects were based on 

previous CNR projects conducted in Miami-Dade County 

from 1991 to 1997, it was critical that the new ones also 

included soil with low or medium ranges of P nutrient. 

Twenty-one soil samples were collected from the 

research farm at the UF/IFAS Tropical Research and 

Education Center (UF/IFAS TREC) with Mehlich-3 

extractable P ranging between 8.6 and 135.7 mg/kg 

(ppm), AB-DTPA extractable P between 3.5 and 39.6 

mg/kg (ppm), carbonate contents between 23.7% and 

64.5%, and soil pH between 7.7 and 8.3 (Zhu et al. 

2016). Based on the above Mehlich-3 P and AB-DTPA-P 

values, a grassland area was selected for the field trial. 

Grasses and weeds were removed, and soils were 

plowed multiple times before six rates of P2O5—0, 60, 

100, 160, 200, and 240 lb/acre—were applied in two 

bands (6 inches from the center of bed and 3 inches 

deep). 

 
Figure 2. A fertilizer field trial for tomato grown on a 

calcareous soil in Homestead, FL from 2014 to 2016. 

Credit: Qiang Zhu, UF/IFAS 

Calibration of Mehlich-3 Extractable P 
Soil test P was calibrated, keeping both agronomic and 

environmental aspects in mind. For agronomic 

calibration, the split-line model written below was used to 

predict the Mehlich-3 extractable P required to achieve 

the expected yield of tomato (Figure 3) (Zhu et al. 

2017b). 

• If x < 114, y = 0.4236 x+42.3411 

• If x ≥ 114, plateau = 91 

Y is the relative yield (%), and x is Mehlich-3 extractable 

P. According to the above equation, the critical levels of 

Mehlich-3 extractable P for 75% relative yields were 77 

mg/kg (ppm). 

 
Figure 3. Relationship between the relative yield and 

Mehlich-3 extractable P (mg/kg = ppm). 

Credit: Zhu et al. (2017b) 

The P fertilizer application rate was predicted using a 

multiple regression model developed by Zhu et al. 

(2019): 

y = 41.89 + (-0.125x) + (0.516z) + (0.007x2) + (-

0.0009z2) + (-0.0025xz) 

Y is the relative yield (%); x is Mehlich-3 extractable P; 

and z is the P fertilizer application rates (Figure 4). For 

example, according to the above equation with the 

preplant Mehlich-3 extractable P at 77 mg/kg (ppm), the 

P application rates to achieve 90% and 100% relative 

yields were determined to be 60 and 125 kg/ha 

(equivalent to 54 and 112 lb/acre), respectively. 
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Figure 4. The relative yield as estimated by a multiple 

regression model using P fertilizer application rates and 

preplant soil-test P extracted with Mehlich-3 (mg/kg = 

ppm and kg/ha = 0.89 lb/ac). 

Credit: Zhu et al. (2019) 

For the soil test calibration with environmental 

consideration, the split-line model was used to predict 

the critical value or change point (x0) of Mehlich-3 

extractable P for producing significant leaching of P from 

the root zone (Figure 5) (Zhu et al., 2019). The change 

point was predicted to be 104 mg/kg (ppm) Mehlich-3-P, 

which was similar to the change point of 100 mg/kg 

(ppm) Mehlich-3-P reported previously by Pizzeghello et 

al. (2016). 

 
Figure 5. The split-line relationship between Mehlich-3 

extractable P (mg/kg = ppm) and dissolved reactive P 

(DRP) in leachate. 

Credit: Zhu et al. (2019) 

Calibration of Mehlich-3 Extractable K 
The soil K test results were calibrated using only an 

agronomic approach because there is no current 

environmental concern with K. Relationships among 

relative yield, Mehlich-3 extractable K, application rates 

of K, and total available K (preplant Mehlich-3 

extractable soil K plus full‐ season applied K rate) were 

established using a simple regression model and a 

multiple regression model (Zhu et al., 2017a, 2017d). 

The polynomial regression model was used to predict 

the values of Mehlich-3 extractable K required for 

achieving the expected yield (Figure 6): 

y = -0.00008 x2 + 0.203x + 12.1182 

Y is the relative yield (%), and x is the total K input 

(preplant Mehlich-3 extractable K plus full‐ season 

applied K rate). According to the above equation, the low 

and medium levels of Mehlich-3 extractable K were 85 

and 150 mg/kg (ppm), respectively. 

The K application rate can be predicted using a multiple 

regression model developed by Zhu et al. (2017a): 

y = 14.84 + (0.57x) + (0.19z) + (-0.0018x2) + (-

0.00036z2) + (0.0005xz) 

Here, y is the relative yield (%); x is preplant Mehlich-3 

extractable K in mg/kg; and z is the K application rates in 

kg/ha (Figure 6). For example, according to the above 

equation, with the preplant Mehlich-3 extractable K at 85 

mg/kg (ppm), the K application rates for achieving 95% 

relative yields is 158 kg/ha (141 lb/acre). 
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Figure 6. Relationships among relative yields, Mehlich-3 extractable K (mg/kg = ppm), K fertilizer application rates, 

and total K inputs (preplant Mehlich-3 extractable K plus full‐ season K fertilizer rate). 

Credit: Zhu et al. (2017a) 

Updated Soil Test Interpretations for 
Calcareous Soils in Miami-Dade County 
In 2020, the PNOC approved Mehlich-3 as the soil 

extractant for the calcareous soils in Miami-Dade 

County, and the corresponding interpretation for these 

soils is shown below (Table 2). The UF/IFAS Extension 

Soil Testing Laboratory has now adopted Mehlich-3 and 

the recommendation as the standardized protocols for 

calcareous soils of Miami-Dade County, Florida. 

Application rates of nitrogen, phosphorus, and potassium 

fertilizers for vegetable and ornamental crops grown on 

calcareous soils in Miami-Dade County will be the same 

as the current recommendations for acid-mineral soils for 

the same level of each Mehlich-3 extractable 

phosphorus and potassium. Developing 

recommendations for application rates of nitrogen, 

phosphorus, and potassium fertilizers for tropical fruits is 

in progress and will be published in a separate factsheet 

soon. 

Table 2. Soil test interpretation for Mehlich-3 extraction 

for agronomic and horticultural crops and landscape 

plants grown on calcareous soils in Miami-Dade County. 

Nutrients 

  

Interpretation (mg/kg = ppm) 

Low Medium High 

P ≤76 77–104 >104 

K ≤85 86–150 >150 
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