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Increasing acidity of Palouse-area soils 
was first reported by Mahler et al  in 1985. 
By 2015, many sites across the region 
reported soil pH below 5.0, which is below 
the critical value for production of area 
crops. Acidification increases the 
concentration of exchangeable aluminum, 
reduces availability of some nutrients 
leading to reduced plant vigor and yield, 
and more severe disease. Liming is the 
recommended remedy, but economic 
feasibility is questionable due to the high 
cost and limited supply of liming materials 
in the region. The objective of this study 
was to test locally available industrial by-
products for their potential used as 
alternative liming materials.
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Discussion

Fine fly ash is a viable alternative to 
agricultural lime. Literature suggest calcium 
carbonate equivalent (CCE) of fly ash can be 
as high as 170%, which might explain the 
increase of soil pH faster and to a greater 
extent following amendment with fine fly ash, 
compared to agricultural lime (CCE-91%), 
which was used as the control. Application of 
prilled fly ash and biochar did not result in 
changes of soil pH or aluminum 
concentration. 

Materials and Methods

Impact

Two biochars (BC1- Amarone, BC2- Ag 
Energy), produced at different pyrolysis 
temperatures and from different 
feedstocks, and two forms of paper mill fly 
ash, produced at different stages of paper 
production (FA1- Boiler fly ash (fine), FA2-
Bed sand (prilled)), were used in this 
study. Agricultural lime (FAL) was used as 
a control. These amendments were 
incorporated individually and in 
combination into two soils, Rockford 
Larkin-Southwick complex (S1) with low 
pH (3.7) and high Al concentration (230 
ppm), and Palouse Caldwell silt loam (S2) 
with low pH (4.6) and low Al concentration 
(3.6 ppm). Treated soils were placed in 
12L pots, buried in sand to within 3cm of 
the rim, and planted with winter wheat 
variety “Stephens”, which is susceptible to 
Cephalosporium stripe, a disease that is 
more severe in acidic soils. A complete 
soil  analysis was conducted on all 
treatments after one month of incubation. 
Soil pH values was measured in 1:1 
0.01M CaCl2 every 4-6 weeks. 

Increasing soil acidity in agricultural soils is 
creating a demand for an alternative 
materials to raise soil pH. Paper mill fly ash 
is a readily available by-product due to the 
number of paper mills in the region. 
Currently, tons of paper mill fly ash are 
shipped to landfills everyday. Our preliminary 
data suggest this material can potentially be 
recycled as a cheap and effective alternative 
to conventional agricultural lime products.
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Results 

Figure 1. Differences in vigor among wheat plants grown in soils amended with biochar and fly ash. Top row is a 

Larkin-Southwick complex soil pH 3.7 and bottom row is a Caldwell silt loam pH 4.6: a & g = unamended; b & h 

= fine fly ash; c & i = prilled fly ash; d & j = prilled limestone; e & k = biochar 1; f & l = biochar 2. 
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Figure 2. Soil pH measured at three times after being amended with one of two forms of fly ash or agricultural lime alone or in 

combination with two different biochars, and available aluminum concentration of each treatment. Soil pH was measured in 

0.01 M CaCl2 and available aluminum was measured in KCl.

Amending the Rockford and Palouse soils with fine fly ash 

and agricultural lime alone resulted in soil pH increasing 

from initial values of 3.7 and 4.6 to 5.2 and 5.9, and 4.2 and 

4.9, respectively (Figure 2). Soil pH did not change in either 

soil following amendment with prilled form of fly ash or either 

form of biochar. Furthermore, plants grown in soil amended 

with fine fly ash displayed better vigor compared with all 

other treatments (Figure 1). Soil analysis data revealed 

amendment of Rockford soil with fine fly ash and agricultural 

lime resulted in reduced available aluminum content from 

230 ppm to 8 and 77 ppm respectively, whereas amendment 

with prilled fly ash had no effect on aluminum availability 

(Figure 2). Aluminum content in the amended Palouse soil 

was 1 ppm or less in all treatments.


