
5.6. Phosphorus Immobilizing Amendments to 
Soil

Summary: Phosphates are essential nutrients for cultivated
crops but also for algae which benefits for nutrient runoff
from agricultural fields and increases risk for eutrophication.
Phosphorus absorbing substances and materials were tested
in grass field experiment and aluminum chloride AlCl3 turns
out to be effective P-absorber (90 % reduction in TP) but on
reverse, it might prevent plant utilization of phosphates for
growth. Fly ash didn’t release Cd or Zn into runoff waters.

Increase of phosphorus level in lakes increases 
risk for eutrophication:

 P in form of phosphates (PO4
3-) are essential 

nutrients for all plants and also algae growth.

 In fields, the plants use both reserve-P from 
ground and applied fertilizers for the growth. 

 Easily dissolved forms of P are migrated by 
leaching via the fields on surface runoff and 
subsurface drains into the waterways.

 10 mg P/l level in the field means that there is 20 
kg/ha easily dissolvable phosphorus.

 10 µg TP/l increase in lake water accelerates 
primary production and may cause eutrophication.

 2 grams of P with 15 grams of N may produce 1 
kg algae.

 Sensitivity of the lakes varies. Characteristics of 
basin and activity in the catchment area affects to 
risk for nutrient leakage.

Good Practices: 
Pilot sites: Savonia UAS

Ability for climate chance mitigation:  The climate change may affect seasons and nutrient runoffs. P-absorbing 
materials might be one method to control P leakage from agricultural fields into waterways during the springtime.

Potential for nutrient recovery: If substance or material absorbs, binds and ties nutrients into agricultural field, loss of 
nutrients, P in this case, is prevented.  Fly ash might increase micronutrient content of the field. Usability of phosphates 
for plants after application of substances must be studied more.

Operation and Applicability: P-absorbing materials can
be applied on fields during autumn to prevent P-runoff on a
springtime when frost and snow is melting. Acidity of some
aluminum substances makes challenges for spreading.

Efficiency: Aluminum based substances Al(SO)4, Al(OH)3

and AlCl3 with application rate 10 g Al/m2 decreased P-
runoff (22-90 % reduction in TP) in spring simulation. Fly
ash was as effective P-absorber (22 %) as Al(OH)3.

About phosphorus runoffs:

 In field studies, concentration of  P in runoff
waters have varied between 0,06-2,2 mg TP/l.

 Depending on soil and cultivation type, 
proportion of dissolved P (DP) in runoff waters
varies between 20-85 % being highest from
grass and hay fields.

 P-runoff from the grass field could be even 1-2 
kg/ha/y.

 In the fields, the plants increase DP content of 
surface soil and it is easily released into runoff
waters due to the frozen and thawing cycle of 
the soil in the beginning of spring.

 Clay soils and bloughing of any soil type release 
solid matter and particle P with it quite easily.

 When the grass field is ploughed, the surface
soil with high P concentration is turned upside-
down and decreases P-runoff.
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MORE INFORMATION: 

Savonia University of Applied Sciencies, Environmental 
engineering: Rahkonen Terhi & Matikka Ville

Surface runoff Simulator: Natural Resources Institute of 
Finland: Järvenranta Kirsi & Virkajärvi Perttu

The experimental set-up:

 Study site: isolated part of a pasture, ~ 60 % 
Meadow fescue, soil pH 5,9 and 19 mg P/l

 Aluminum application rate 10 g Al/m2 : Kemira ALG 
(549 kg/ha), aluminum hydroxide (289 kg/ha) and 
aluminum chloride (904 kg/ha)

 Other materials: Al-DWTR (liquid, 20 Mg/ha), Fly ash 
(4 Mg/ha) and GeoTrap (5 Mg/ha)

 Three replicates in each treatment (four in control)

 Substances were spread on the surface of pasture 
after 2. mowing in the beginning of Aug and grass 
mats were uplifted after 24 days and frozen to -2 °C.

 Artificial spring simulation took one week and formed 
runoff waters were collected for analyzes.

 Total amount of precipitation as water and ice 
crushing was 100 mm.

Good Practices: 
Pilot sites

Evidence of Success: Testing the grass field applied P-absorbers in 
surface runoff simulator

Treatment Loss, mg TP/m2 Reduction, %

Control 26,5 0

Kemira ALG 16,9 35

Al(OH)3 20,5 22

AlCl3 2,7 90

Al-DWTR 28,2 -8

Fly ash 20,4 22

GeoTrap 24,6 6

Results:

 There was no visible effect on grass plants in 
any treatment and no statistically significant 
difference (One-way ANOVA, p=0,711) in 
plant heights within the treatments.

 On average, 68 % (20,3 kg) of the total 
water input come through the grass mats.

 Commonly, electrical conductivity, 
concentrations of P and S increased in the 
soil after one week spring simulation. At the 
same time pH, concentrations of Ca and Mg 
decreased in the soil.

 Al(OH)3 and AlCl3 treatments decreased P 
concentration of the soil (-6 and -8 mg P/l) 
compared to the control treatment.

 AlCl3 worked very well by decreasing 
phosphorus, both the values of total P 
(Table) and PO4

3-, concentrations in the 
runoff water. AlCl3 lowered amount of P in 
plant sample but Ca concentration was higher 
compared to the control treatment. Based on 
the results, it is possible that AlCl3 ties P too 
tightly into the soil and it is not available for 
the plants.

 Fly ash contained 8,7 mg Cd/kg and 3700 mg 
Zn/kg being over Finnish regulation for 
inorganic fertilizers for field application. Either 
Cd or Zn were not detected in soil or water 
samples.

Table: TP loss in runoff waters from the grass mats and 
reduction % when compared to the control treatment.
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