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Product quality: fertilizing efficiency,
results of pot and field tests

Verena Wilken (Wragge)
Oliver Zapka, Andreas Muskolus
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Plant tests in the P-REX-project

Pot trials
A Two years (2013 + 2014)
A Two soils different in pH-value

A 3 sludge products and 7 P-recycling products
A Maize
A Exact tests: nutrient adjustments and replications

Field demonstrations
A One year (2014)
A Four countries

A 3 -4 P-recycling products
A Maize, sugar beet and barley
A Plots without replications
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Tested products P-REX-

Sludge products Ash-products

A Bio-P sludge ; A Raw ash
(Braunschweig) (as reference)

A Bio-P sludge dewatered Ash Dec 1 (MgCl,) Ve
(Braunschweig) (BAM/Outotec) |

A
A Fe-sludge dewatered A Ash Dec 2 (Na,CO,) N
(BAM/Outotec) .

A

A

(Minchehofe)
Mephrec
Crystallization products (Ingitec)
LeachPhos / 2\
A Pearl \ (BSH) ( )
(Ostara) 7
A A|rPrex , ‘ Reference product
(Berliner Wasserbetriebe) S
A Stuttgart ‘ : A Triple superphosphate
(WWTP Offenburg) (commercial product)
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Plant nutrients ” P-REX-

P,O, P,O, P,O, P,O, N K,O

mineral acid  citricacid  neutral ammonium citric water

P-product soluble soluble acid + water soluble soluble

[% FM]

Bio-P sludge 0.2 0.2 0.2 0.1 0.2 0.1
Bio-P sludge dew. 2.4 2.1 2.2 0.2 1.5 0.1
Fe-sludge dew. 2.7 2.4 2.5 0.0 1.5 0.0
Pearl 30.5 29.7 28.6 0.6 5.7 0.1
AirPrex 26.6 26.4 25.1 1.1 4.7 0.1
Stuttgart 23.0 23.0 22.0 0.6 5.0 0.3
Raw Ash 15.6 7.5 2.5 0.0 <0.1 0.6
Ash Dec MgCl, 13.9 12.2 3.9 0.1 <0.1 0.3
Ash Dec Na,CO, 12.9 14.1 12.8 1.3 0.0 0.7
Mephrec 9.5 4.1 0.6 0.0 <0.1 0.7
LeachPhos 27.6 26.5 26.2 1.2 <0.1 0.2
TSP 48.5 45.2 44.6 42.2 <0.1 0.9
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) P-REX-

Pot trials
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Pot test - Design P-REX-

2 soils (pH 4.9 and 7.1) with low P-contents (each mixed to 50 %
with quarz sand to lower the P-content)

Mitscherlich-pots with 6 kg soil per pot

4 replications per treatment (6 for controls and TSP)
P-amount: 750 mg per pot (= 125 mg/kg and 188 kg/ha)

N, K, Mg, S adjusted with nutrient solutions

References: P-untreated and triple superphosphate (TSP)

3 Maize plants per pot

Measurements: plant height and development once per week
Watering: daily to 60 % of water holding capacity of the soil

2 years (2013 + 2014) without new P-application in 2014 to show
long-term availability
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Pot test results — Yield per plant 2013 @ P-REX-

90
B Soil pH 7.1 abcdefg
80 | I Soil pH 4.9

70 S abcdefg ef

Dry matter yield [g/plant]

Treatment

Mean values (n=4, exceptions: TSP & control: n=6); standard deviations; Values within one soil type with
the same letters do not differ significantly; Soil pH 7.1: Tukey-Test; Soil pH 4.9: no homogeneity of
variance, Dunnett-T3-test (a=0.05)
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Pot test results — Yield per plant 2014

90
EE Soil pH 7.1
80 -| I Soil pH 4.9

70

Dry matter yield [g/plant]

Treatment

Mean values (n=4, exceptions: TSP & control: n=6); standard deviations; Values within one soil type with
the same letters do not differ significantly; no homogeneity of variance, Dunnett-T3-test (a=0.05)
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Pot test results — P removal from soil

I Soil pH 7.1, 2013 I Soil pH 7.1, 2014 B Soil pH 4.9, 2013 [ soil pH 4.9, 2014
50 -

40 -

20 ~

P-Uptake [% from given]

10 +

o A \ (OF el 0° L
&7 o M 0 < @ep‘(\( Ry COQ‘(\ <O
e

Treatment

Calculation removal: P-concentration in plants * dry matter yield; % uptake from 125 mg/kg P given (control subtracted)
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Pot test results - Relative fertilizer efficiency (RFE) P-REX-

SoilpH 7.1 Soil pH 4.9 Mean
value
P-product 2013 2014 Mean 2013 2014 Mean soil pH7
value value +pHS5
[%]
Bio-P-sludge 60 86 73 56 94 75 74
Bio-P-sludge dew. 94 108 - 80 95 _
Fe-sludge dew. 54 82 52 52 52 60
Pearl 113 86 30 93 62
AirPrex 110 92 109 90
Stuttgart 106 106 84 79
Raw ash 13 24 48 57
Ash Dec Mg(Cl, 5 9 89 87
Ash Dec Na,CO;, 98 84 87 88
Mephrec 23 75 -5 -10
LeachPhos 72 100 86 89
TSP 100 100 100 100 100 100 100

Calculation: yield increase compared to P-untreated control, and this result is set to 100 % for TSP
B RFE>80 RFE > 50 B RFE<50
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Pot trials - Correlations ” P-REX-

. . . Neutral
Citric acid ) . .
soluble P ammonium citric Water
DM-yield (g/plant) acid + water soluble P
soluble P
[% PtotaI]
2013 0.72 0.85 0.30
SoilpH 7.1 2014 0.70 0.83 0.29
2013 + 2014 0.76 — 0.32
2013 0.64 0.49 0.35
Soil pH 4.9 2014 0.77 0.71 0.37
2013 + 2014 _ 0.68 0.39

Correlation coefficient (Fahrmeier et al. 1999):
< 0.5 = weak correlation ; 0.5 — 0.8 = middle correlation; > 0.8 = strong correlation

ACitric acid solubility can be indicator of plant availability in acid soil and
neutral ammonium citric acid in neutral soils
AWater solubility not adequate.
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) P-REX-

Field demonstrations

L
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Field demonstrations — Locations P-REX-

Germany

Switzerland

Czech Republic

Spain
\

> g q
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Field demonstrations — Design

Control
TSP
P1
P2
P3
P4

Real arable land in cooperation with farmers
90 kg P/ha
5 x 20 m plots without replications

Harvest: 20 or 25 plants from 100 m? plots
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Field demonstrations - Yields P-REX-

Variant Germany Czech Republic Switzerland | Spain
Sugar beet Maize Maize Maize Maize Barley
Control 100 % 100 % 100 % 100 % 100 %
............ TSP 93%111% 80%118% 97% §
....... A ShDeC 102%111% 102%120% 92% ;
AirPrex 102 % 127 % 98 % 128 % 102 % %
Leachphos 102 % 117 % 98 % 139 % 100 % _CCEU
Stuttgart 103 % 111 % - - -

Yield differences may be influenced by natural soil variability between plots

Tested products seem equivalent to TSP in tendency, but it is likely that P was
not limiting yields
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Conclusions @ P-REX-

Almost all products increased yields in pot trials on both soils
(exception: Mephrec not on acidic soil)

Struvite-products show better results on almost neutral soil, ash
products give different results for the two soils

Dewatered Bio-P-sludge, all struvite products, AshDec (Na,CO;) and
LeachPhos give satisfying results with RFE > 80

Yields of struvite products are comparable to TSP

Citric acid solubility and neutral ammonium citric acid solubility of
phosphorus are good indicators for plant availability;

water-solubility may not be as relevant for plant availability as expected
since P is fixed at soil particles within weeks

P-contents on arable land of field demonstration plots were too high to
show effects of P-fertilization

®
IASP WWW.p-rex.eu



Thank you for your attention!

Contact: verena.wragge@agrar.hu-berlin.de

The related deliverables will be soon available for download
at the project website www.p-rex.eu

This project has received funding from the European Union’s Seventh Programme for Research,
Technological Development and Demonstration under Grant Agreement no. 308645.
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