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Microbially Induced Carbonate Precipitation MICP
by ureolytic bacteria

Adapted from Rajasekar, A., Wilkinson, S., & Moy, C. K. (2021). Environmental Science and Ecotechnology, 6, 100096.
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Field soil Cd distribution:
Rhizosphere and 

non-Rhizosphere soils
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MICP  by ureolytic rhizobacteria
to reduce  Cd availability

Cd2+ available Cd ureolytic rhizobacteria - MICP  

Strategy for mitigation of Cd uptake
in Theobroma cacao L.
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Variable Method Determination Unit

pseudototal
Cd - soil

Aqua regia Flame and 
Graphite Furnace 

Atomic Absorption 
Spectrometry

(FAAS and GFAAS)

mg/kgAvailable Cd 
- soil

DTPA

Bean Cd HNO3-H2O2

Urease
activity

Ammonia production
- Berthelot

Colorimetric mg NH4
+/kg*2h

Isolation
bacterias

Modified Christensen 
medium

- -

2 Farms

1% of planted trees for each farm
Total: 51 points, 102 soil samples

(51 rhizosphere, 51 non-rhizosphere)

Perla
Farm A

Cedros
Farm B

Study area

Sampling of rhizosphere and non-rhizosphere soil

36 
sampling

sites

15 
sampling

sites

Laboratory analysis
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BOXPLOT FOR  PSEUDOTOTAL AND AVAILABLE Cd 
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p-value: <0,001: ***; Outliers are not shown. 
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DISTRIBUTION MAP FOR CONCENTRATION OF AVAILABLE Cd
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hotspot

Concentration of Bean Cd (mg/kg)

DISTRIBUTION MAP FOR Cd CONCENTRATION IN CACAO BEANS 

Similar pattern to both
rhizosphere and non-

rhizosphere soils

Soil type Pearson correlation
coefficient

Rhizosphere 0,58***

non-Rhizosphere 0,40*

Concentration of available Cd vs 
concentration of Bean Cd.

p-value: <0,05: *; <0,01** <0,001: ***
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Similar pattern to
Rhizosphere soils

Soil type Pearson correlation
coefficient

Rhizosphere 0,52*

non-Rhizosphere -0,16

p-value: <0,05: *; <0,01** <0,001: ***

R
ES

U
LT

S

Beans
DISTRIBUTION MAP FOR Cd CONCENTRATION IN CACAO BEANS 
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hotspot

Concentration of available Cd vs 
concentration of Bean Cd.
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60 Cd-tolerant UR-MICP

Medium supplemented with urea, Cd2+, Ca2+

ISOLATION OF UREOLYTIC RHIZOBACTERIAS
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Precipitates after MICP 
process on Petri dish

Microscopic photographic images
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POTENTIAL APPLICATION OF MICP IN CACAO-GROWING SOILS
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Possible enhance MICP process
on the rhizosphere
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Conclusion - Recommendations

Rhizosphere and non-rhizosphere soils have different Cd content and both
types of soil should be included in the sampling design.

Studied cacao farms have hotspots and their location helps farmers to
decide where to plant/renovate and identify possible areas with high
concentration of Cd in cacao beans to classify its harvest.

Ureolytic activity of rhizosphere soils indicates its potential for MICP
application as an alternative for bioremediation of Cd.

This investigation contributes to the development of a mitigation strategy
to reduce Cd content in cacao beans that will allow farmers and cacao
exporters to negotiate better deals.
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