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Soil pH is one of the most important soil chemical proper-
ties and affects nutrient bioavailability and microbial 
activity (Liu and Hanlon 2012). The purpose of this article 
is to provide an overview for faculty, crop consultants, crop 
advisors, fruit growers, and students who are interested in 
fruit production. The crop response to soil pH varies due 
to crop genetic diversity (Kering and Kaps 2004; Havlin et 
al. 2005; Splittstoesser 1990). Soil pH determines nutrient 
bioavailability and hence fruit growth, yield, and quality. 

The productive soil pH range for most fruit crops is quite 
wide and is affected by the composition of the soil: pH 
5.4 to 6.2 for organic soils; pH 5.8 to 7.0 for mineral soils 
(Retamales and Hancock 2012). However, blueberries 
prefer acidic soil conditions and grow best between pH 4.5 
and 5.5. To maximize the profitability of crop production in 
an environmentally sustainable manner, optimum soil pH 
is essential. For example, nutrient bioavailability for citrus 
is optimal in mineral soils with a pH of approximately 6.0. 
The pH of Florida soils used for commercial citrus produc-
tion is typically between 5.0 and 8.4. When soil pH is lower 
than 5.5 the application of either calcitic lime (calcium 
carbonate) or dolomitic lime (calcium plus magnesium 
carbonate) is usually needed for optimum production 
(Tucker et al. 2007). Similarly, muscadine grapes perform 
best in a soil pH of 6.0 (Childers et al. 1995). Highbush 
blueberry had significantly more flowers and hence greater 
yields at pH 4.3 than at pH 3.4 or at pH 6.0 (Herath 1967).

As soil pH is important for commercial fruit production, 
orchards or groves with either young trees or bearing trees 
should test soil pH every one to two years. Proper soil 
sampling is extremely important for getting representative 
results of the tested orchards. Soil sampling procedures 
are available in the EDIS publication SS402 Soil Sampling 
Strategies for Precision Agriculture. To diagnose nutrient 
bioavailability, please refer to EDIS publication Diagnostic 
Nutrient Testing for Commercial Citrus in Florida.

Effects of soil pH on nutrient 
bioavailability
The bioavailability of iron, aluminum, or manganese can 
be very high and may reach toxic levels at pH 5.5 or lower. 
Meanwhile, calcium or magnesium may not be adequate 
to meet crops’ requirements. Similarly, when pH is greater 
than 7.5, the bioavailability of calcium or magnesium can 
be more than sufficient, but that of iron or manganese may 
not be satisfactory to feed crops.

Soil pH determines the chemical form and solubility of 
nutrients. For example, iron has two different ionic forms 
in soil solution: ferric ion (Fe3+) and ferrous ion (Fe2+). 
Only the ferrous form is bioavailable for most fruit crops. 
However, Fe2+ may readily be oxidized to Fe3+ when soil pH 
is greater than 5.3. To protect ferrous iron from oxidization, 
chelated iron is usually used for crop production (see the 
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EDIS publication HS1208 Understanding and Applying 
Chelated Fertilizers Effectively Based on Soil pH). If the soil 
is low in iron, then iron fertilization is needed. 

Boron bioavailability to fruit crops decreases with an 
increase in pH, particularly in calcareous soils and soils 
with appreciable clay content. This decrease of boron 
bioavailability may be attributed to the formation of 
B(OH)4

- and anion adsorption (Marschner 1995). Another 
example for nutrient bioavailability related to soil pH is 
phosphorus (P). When soil pH is lower than 5.5 or greater 
than 7.5, iron and aluminum or calcium and magnesium 
can tie up phosphate ions and phosphorus become unavail-
able to crops. For more information on this topic, please see 
the EDIS publication HS1207 Soil pH Range for Optimum 
Commercial Vegetable Production.

Soil pH also influences microbial activities that are closely 
related to nutrient bioavailability. Among microorganisms, 
many beneficial bacteria like neutral to weakly alkaline 
conditions. Many fungi prefer neutral and weakly acidic 
conditions (Larcher 2003). If soil pH is too acidic or too 
alkaline, the beneficial bacteria or fungi can’t benefit fruit 
crops. Fruit crops grown in alkaline soils suffer from iron 
deficiency. Plant growth-promoting rhizobacteria such as 
Pseudomonas fluorescens growing in low-iron conditions 
produce siderophores. Siderophores are iron-chelating 
compounds that stimulate plant growth (Burr et al. 1984).

Soil pH range in the commercial 
fruit production areas of the state
Florida soils are diverse. The soil pH range in Florida’s 
orchards can be as wide as 4.8 units (i.e., from pH 3.6 to pH 
8.4) (USDA 1985, 1989, and 1990a, and 1990b). Alachua 
County is an important blueberry production area, and its 
soil pH ranges from 3.6 to 8.4 (Table 1). Polk, Hendry, and 
Highlands are the top three counties in fruit production in 
Florida, particularly in citrus production. The soil pH in 

these three counties also ranges from 3.6 to 8.4 (Tables 2 
through 4).

Table 1. Alachua County soil pH of selected soilsz

Soil name Depth (inches) Soil pH

Candler 0–70 4.5–6.0

Fort Meade 0–14 5.1–7.3

Riviera 0–32 4.5–7.3

Pompano 0–82 4.5–7.8

Pomona 0–5 3.6–5.5

Floridana 0–14 4.5–8.4
zSoil reaction at soil:water = 1:1 (Source: USDA 1985)

Table 2. Polk County soil pH of selected soilsz

Soil name Depth (inches) Soil pH

Apopka 0–51 4.5–6.0

Candler 0–52 4.5–7.8

Eau Gallie 0–26 3.6–7.3

Pomona 0–6 3.6–5.5

Hydraquents 0–80 7.9–8.4

Lynne 0–5 3.6–5.5

Malabar 0–22 5.1–8.4

Sparr 0–8 3.6–6.5

Avents 0–30 5.6–7.3

Basinger 0–19 3.6–8.4
zSoil reaction at soil:water = 1:1 (Source: USDA 1990)

Table 3. Hendry County soil pH of selected soilsz

Soil name Depth (inches) Soil pH

Boca 0–7 5.7–8.4

Pineda 0–32 5.6–6.5

Oldsmar 0–80 3.6–8.4

Wabasso 0–80 3.6–8.4

Immokalee 0–80 3.6–6.0

Malabar 0–80 5.1–8.4

Riviera 0–80 4.5–8.4

Pineda 0–80 4.5–8.4

Gentry 0–80 5.1–8.4

Basinger 0–25 3.6–8.4
zSoil reaction at soil:water = 1:1 (Source: USDA 1990)

Table 4. Highlands County soil pH of selected soilsz

Soil name Depth (inches) Soil pH

Paola 0–5 3.6–7.3

St. Lucie 0–4 3.6–7.3

Basinger 0–6 3.6–7.3

Duette 0–6 4.5–7.0

Daytona 0–36 3.6–6.0

Basigner 0–6 3.6–8.4

Sanibel 0–8 3.6–7.3

Malabar 0–18 5.1–8.4

Anclote 0–20 5.6–8.4

Basinger 0–6 3.6–7.3

Basinger 0–6 3.6–8.4

Tavares 0–6 3.6–6.0

Kaliga 0–39 3.6–4.4
zSoil reaction at soil:water = 1:1 (Source: USDA 1989)
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Due to genetic diversity, fruit crop species differ in their op-
timum pH for plant growth and development. For example, 
research has shown that newly planted blueberry does 
best in acidic soil pH ranging from 4.5 to 5.5 for high bush 
blueberry and 4.2 to 5.0 for rabbiteye blueberry (Retamales 
and Hancock 2012). However, peach has been shown to be 
productive between pH levels of 6.0 to 7.5 (Figure 1).

Soil pH management
As most fruit crops grow well in a soil pH range from 5.5 to 
7.0, neither too high nor too low soil pH is good for them 
(Figure 1). However, in reality, soil pH is seldom within 
the optimum range. If plants have not been established, 
then alternatives should be considered: using alternative 
land with a suitable soil pH, selecting a fruit crop that can 
thrive in the existing soil pH, or creating a soil pH map of 
the land to decide if the variability of the soil pH will allow 
intercropping to use soils not immediately amenable to 
fruit crops. Using land with soil pH outside the optimum 
range for the selected fruit crop requires a higher level of 
management, including adjusting the soil pH. There are two 
ways to adjust unfavorable soil pH to the proper pH range.

Nutrient Management
To adjust soil pH to a favorable range, soils are amended 
with agricultural lime and sulfur or dilute acids (Tagliavini 
et al. 2008). The lime application increases soil pH and 
the sulfur or acid application reduces soil pH (Havlin 
et al. 2005). These two methods change the whole plow 
layer’s pH (Figure 2) for relatively short periods of time, 
usually 1–3 years in most of Florida. Periodic soil testing is 
recommended for amended soils. Soil test results provide 
the current soil pH information and indicate whether there 
is a need for further addition of lime, sulfur or dilute acids. 
Acid neutralization takes time, so lime should be applied 
to acidic soils 3–6 months prior to planting or seeding. 
Over the course of the growing season, the pH of the limed 
soil may change back, therefore periodic soil testing is 
recommended.

Lowering the pH of alkaline soils is usually much more 
difficult. Elemental sulfur or acid additions may be used to 
lower soil pH temporarily (Shober 2011). Special attention 
must be paid if elemental sulfur is applied in orchards or 
groves. After application, elemental sulfur is oxidized into 
sulfuric acid and neutralizes soil alkalinity. In effect, the 
sulfuric acid dissolves the calcium carbonate in the soil, 

Figure 1. Soil pH range for optimal growth of selected fruit crops
Credits: Havlin et al. 2005; Obreza and Collins 2002; Splittstoesser 1990
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which means that a portion of the soil is lost. Additionally, 
elemental sulfur or other acids must be added at low rates 
to prevent root damage to fruit crops. Applications must be 
made with care to avoid damage to the crop while trying to 
improve soil pH conditions for the same plant. One must 
consider that sulfate is left behind and may be leached to 
the water bodies and cause environmental risks, particular-
ly in the Everglades area. Thus, a soil test is recommended 
before every planting or seeding of fruit crops. 

In Florida, the majority of soils used for commercial fruit 
production are sandy. Sandy soils may need more frequent 
lime applications as compared to fine-textured soils (Havlin 
et al. 2005). Soil testing for soil pH and lime requirement is 
the best means for determining the need for an agricultural 
lime application, as well as the amount of lime to be applied 
(see EDIS publication SS163 Standardized Fertilization 
Recommendations for Agronomic Crops for more 
information). 

The need for soil pH adjustment varies with fruit species. 
For example, mango may suffer from iron deficiency 
when soil pH is greater than 6.0. On the other hand, grape 
and peach can tolerate soils with a pH of 7.5 (Figure 1). 
For more information about adjusting soil pH, see EDIS 
publication HS1207.

Fertilizer programs
Fertilization, particularly macronutrient applications, can 
significantly adjust soil pH in the root zone instead of the 
whole plow layer. Nutrients can change soil pH differently 

depending on the electric charge of the nutrient ions. 
There are two types of nutrients: positively and negatively 
charged. The positively charged nutrients include ammo-
nium-nitrogen, potassium, calcium, and magnesium. All 
of these nutrients may reduce soil pH in the root zone. The 
negatively charged nutrients include nitrate, phosphate, and 
sulfate. All of these nutrients may increase the pH in the 
root zone. Among the macronutrients, only nitrogen has 
two different forms with either positive or negative charges: 
ammonium-nitrogen or nitrate-nitrogen. After application, 
ammonium-nitrogen has two different fates: direct uptake 
by plant roots, or conversion to nitrates by soil bacteria 
and then absorption by plant roots. Both of these processes 
can significantly reduce soil pH. In direct uptake, plants 
release an equal amount of acid to the ammonium-nitrogen 
taken in. These released acids reduce the root zone soil 
pH significantly. This type of pH change may be the most 
effective way of modifying root zone pH for fertilized 
plants. Ammonium can produce twice as much acid as it is 
absorbed when it is first oxidized into nitrate in soil (Havlin 
et al. 2005). These produced acids reduce root zone soil pH 
when the fertilizer is applied and incorporated into the root 
zones. 

PiNE bark MulCH
Pine bark much is acidic, with a pH of 3.7 to 4.0 (Wright 
et al. 1999). In high pH soils, application of pine bark can 
lower soil pH over time. Blueberry prefers acidic growth 
conditions, so pine bark is usually used for blueberry 
orchards to both serve as mulch and slowly lower soil pH. 
However, special attention needs to be paid to other crops, 
because continuous application of pine bark may make 
the soil too acidic for plants to grow. Producers need to 
consult county Extension agents when considering multiple 
applications of pine bark to the soil.

PEat MOSS MulCH
Sphagnum peat moss (SPM) is acidic (pH 3.4–4.8) and can 
adjust soil pH from alkaline to neutral or slightly acidic. 
However, SPM is less economical than pine bark (Odneal 
and Kaps 1990).

biOCHar
Chemically, biochar and charcoal are the same. Biochar 
is a name for charcoal when used as a soil amendment or 
for other special purposes, such as treatment of waste or 
polluted water. Just like charcoal, biochar is produced by 
pyrolysis of biomass using limited oxygen conditions. The 
pH of biochar depends on the production temperature. 
For example, at 350oC, the pH is approximately 4.0, but at 
800oC, the pH may be as high as pH 11.0 (Gundale and 

Figure 2. A schematic diagram of soil pH adjustment with lime, 
sulfur, and nitrogen fertilizers. Liming, sulfuring, and fertilizing can 
all adjust soil pH. Liming increases the plow layer pH; sulfuring may 
decrease the plow layer pH. Nitrate nitrogen increases root zone pH; 
ammonium nitrogen reduces root zone pH.
Credits: Wei Chieh Lee and Guodong Liu
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DeLuca 2006). Low-temperature biochar can be used for 
reducing soil pH and high-temperature biochar for increas-
ing soil pH.

The addition of lime, sulfur, biochar, pine bark, or peat 
moss to affect soil pH is always temporary and is a 
continuous, yet important, management issue. The natural 
soil pH will reoccur after one single or multiple growing 
seasons. The most economical and eco-friendly approach 
is, therefore, to match the natural soil pH and the fruit crop 
pH preference.

Summary
•	 Optimal soil pH can maximize fruit crop growth, devel-

opment, productivity, and profitability.

•	 Florida soils used for fruit production have a wide pH 
range from 3.6 to 8.4. Soil pH management is crucial for 
fruit production.

•	 Optimal soil pH varies with crops. Blueberry grows well 
with the soil pH less than 5.5, but peach is more produc-
tive at a pH slightly greater than 6.0. 

•	 Soil pH management includes liming for low pH soils 
and adding sulfur or acids to high pH soils. The use of 
selected organic matter sources can also be effective for 
controlling soil pH with time.

•	 Fertilization program with different nitrogen fertilizers 
can effectively adjust root zone soil pH. Ammonium 
nitrogen may lower soil pH for fruit crops such as 
blueberry, but not effective with fruit crops requiring 
alkaline soil pH ranges, such as peach or black currant.
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