
Conclusions & Future Work

We are assessing whether untreated sewage sludge incinerator ash 
(Ash) can be a safe and effective agricultural fertilizer.

The Metropolitan Wastewater Treatment Plant (MWTP) in Saint Paul, 

Minnesota, USA serves 1.8 million people by incinerating 272 dry 

Mg of sewage sludge, generating an average of 5 MW of power 

and 34.5 Mg of ash (11% Ptot, 5.7% Pcit) a day.
Trace metals are present in the ash, but loading rates are below 

regulatory limits when applied to meet agricultural P requirements.  

Our objective was to determine the effects of Ash compared to other 

P sources by observing crop biomass and yield results and metals 

and other elemental concentrations in soil and plant tissue.
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Introduction

Design & Methods:

• 3-year (2017-2019)

field study of corn

and soybean 

• Waukegan silt loam on 1.4 ha site in Rosemount, MN, USA

• Low-medium initial available-P (7-12 Bray-P), 6.6 pH, 3.4% OM 

• Randomized complete block, replicated 4 times per field

• P sources only applied to plots planted with corn

• Agronomic N and K needs met evenly in all plots

Treatments (4x5 factorial):

4 P Sources:

1. TSP - Triple superphosphate (0-44-0 N-P2O5-K2O)

2. Ash - MWTP sewage sludge incineration ash (0-13-2)

3. BS - Exceptional-Quality biosolids (0.5-7.6-0)

4. Str - Commercial struvite (0-27-0)
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1) Evidence suggests that ash can be a viable P fertilizer and an additional source of micronutrients like zinc and copper.

2) Future work includes continued analysis of 2019 field season results, additional P characterization and availability analysis, and 

metagenomics analysis of microbial diversity and abundance.
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Figure 1. Yield, 2019
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Figure 3. Soil Bray-P, 2019
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Figure 2. P Uptake, 2018 (see Fig. 1 for legend)
Rate p<0.001, Rate2 p<0.01 (corn only), Source and Rate x Source NS

Rate, Source, and Rate x Source p<0.001

Figure 4. Soil DTPA-Zn, 2019

Corn yields in 2017 and 2018 did not 

respond to P source or treatment. 2018 

soybean yields responded similarly to 2019. 

y = 13.9 + 0.01x – 0.0005x2

R2 = 0.98

y = 3.9 + .006x - .00002x2

R2 = 0.97
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Corn P uptake in 2017 increased with increasing 

application rate. 2019 results not yet available.
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DTPA-Cu results followed similar trends. 

Other metals did not respond to P source 

or rate (data not presented).

Methods

End of Season Results

As shown in 

above box-whisker 

plot, Bray-P increased with 

increasing P application rate 

with no difference amongst sources.

y = 37.6 + 0.06x 

R2 = 0.86

y = 227.8.0 + 1.2x – 0.004x2

R2 = 0.93

y = 1.6 + 0.006x 

R2 = 0.42

y = 1.5 + 0.004x 

R2 = 0.34


