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• Water from deep aquifers often contains 
elevated levels of bicarbonates.

• Bicarbonates can accumulate in irrigated area.

• High levels of bicarbonates pull calcium out of 
solution, reducing the presence of calcium on 
soil exchange sites.

• Bicarbonate levels in irrigation water are:
– 0-100 ppm (low)

– 100-180 ppm (moderate

– 180-600 ppm (severe)



Alkalinity

• Primarily determined by presence of 
bicarbonates (HCO3

-), Carbonates (CO3
-), and 

hydroxides (OH-) in water.

• A measure of the capacity of water to 
neutralize acids.

• Alkaline compounds in water remove H+ ions 
and lower the acidity of water (increase pH).

• Limits nutrient availability in soils



Bicarbonates in Water

• Water above pH 7.5 is usually associated with 
high bicarbonates.

• Forms bicarbonate salts with Ca, Mg, Na, and K.

• High Ca concentrations will react to form 
Calcium carbonate or line.

• Particulates can drop out of water and plug 
emitters or microsprinklers.

• Soils with excess Ca forms CaCO3 (lime).  



Bicarbonates in Soil
• Makes phosphorus more available by tying up calcium, 

increasing the solubility of calcium phosphates. 

• Higher calcium carbonate in soils increases pH making many 
nutrients less available.

• Bicarbonates have a physiological effect on roots reducing 
nutrient absorption.

• Treatments: 

– calcium or gypsum (calcium sulfate) to increase calcium 
availability to plants and soil, 

– elemental sulfur can be used to reduce soil pH,

– applications of acidified water or acidic fertilizer.



Nutrient Availability

• Soil pH and bicarbonates effect nutrient 
availability and root uptake.



Plant Uptake

• Bicarbonate induced chlorosis is caused by transport of 
bicarbonate into the plant leading to reduced nutrient 
uptake.

• Lime-induced chlorosis effects many annual crops and 
perennial plants growing on calcareous soils.

Horneck, D. 2006. Acidifying Soil for 
Crop Production East of the Cascades. 
Oregon State 



Effect of Carbonates on Growth

• The reduction of plant biomass in susceptible 
plants is related to a reduced root growth 
leading to a lower photosynthesis rate which 
also depends on the reduced leaf area per 
plant and chlorophyll concentration 
encountered under iron stress conditions.



Conclusions from Literature
• Many commercial root stocks do not perform 

well in high-carbonate soils.

• Inability to sufficiently extract micronutrients, 
including Fe, Zn and Mn.

• Limitation greatest for Poncirus trifoliata and 
its hybrids (e.g. Troyer, Carrizo and Swingle).

• Best adapted rootstocks are Sour Orange and 
Rough Lemon that have Tristeza and blight 
issues.



Impact of Bicarbonates on Citrus Rootstocks

• Growth rate 
in soil 
amended 
with CaCO3
Cleo > sour 

orange > 
Volk. > 
Rangpur > 
Carrizo > 
Swingle

Source: Castle, W.S., J. Nunnallee, and J.A. Manthey. 2009. 
Screening Citrus Rootstocks and related Selections in Soil and 
Solution Culture for Tolerance to Low-iron Stress. HortScience
44(3):638-645.



Water Quality Limits

Yiasoumi, W. 2005. Farm Water Quality and Treatment, Agfact AC.2 



Water Treatment

• Standard treatment is to lower the water’s pH by adding an 
acid. Lowering the pH to 6.5 neutralizes about half the 
bicarbonate in the water.

• Most common acids to inject are sulfuric acid, phosphoric 
acid.



Water Treatment

• Injection of acidified water instead of a dry material to a 
wide area will reduce bicarbonate accumulation in the 
irrigated area where irrigation may cause to accumulation.



Water Treatment (cont.)

• N-pHuric (urea and sulfuric acid) all the acidity 
of sulfuric acid but much less corrosive.

• N-pHuric or sulfuric acid acidification reacts 
with bicarbonates to form gypsum and H2CO3, 
which rapidly converts to H2O and CO2.

• Phosphoric acid and N-pHuric supplies 
fertilizers in addition to acidification.



Sulfur Required to Reduce Soil pH

Approximate Pounds per Acre

Mullen, R, E. Lentz and M. Watson. Soil Acidification: How to Lower Soil pH.
Ohio State University  FactSheet AGF-507-07



Conclusions

• BMPs are being developed for bicarbonate 
treatment.

• Water and soil bicarbonates should be 
addressed to allow for proper nutrient uptake. 

• This appears to not have been a problem prior 
to HLB except in extreem cases. 

• Micronutrient uptake may improve with soil 
bicarbonate treatment and provide sufficient 
tree health.











Future Research Work

• Support by CRDF, SWFWMD 
and FDACS

• Current Research Work

• Determine benefits of 
bicarbonate treatment of HLB+ 
and HLB- greenhouse trees, 
and mature groves

• Water management of infected 
trees



Questions


