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Abstract

The aim of this work is to determine the Phosphate- (P) effi ciency of sewage sludge compared with 
mineral P-fertilisers, such as super phosphate or basic slag (Thomas phosphate) for carefully and 
effi ciently phosphate use as possible.

Presented are the results of crop yield and P-uptake of two fi eld experiments (52 x 162 meter) 
using two different soils that are poor in phosphate over eight years. The following treatments, 
each in four repetitions, were compared:  zero-P-, P-mineral fertiliser- and P-plots where the sludge 
originated from six different sewage sludge plants (two without- and four with P-elimination). The 
cultivated crops that were planted in a simple crop rotation were silage maize, grass-clover mixture 
and an alternation between sugar beet and potatoes.

The calculated P-effi ciency of sewage sludge, compared with commercial fertilisers, varied 
between 53% – 100% (plant yield) and 49% – 97% (nutrient uptake). Due to the risks of heavy 
metals, harmful organic compounds and pathogens, the agricultural use of sewage sludge is for 
instant prohibited in Switzerland
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Introduction
This work aims at determining the P-effi ciency of sewage sludge compared with mineral 
P-fertilisers, such as super phosphate or basic slag (Thomas phosphate) for different 
crops under fi eld conditions.

The present data serve as a basis for discussing the: 
• Scientifi c understanding of P-reactions in soils, 
• Plant P-uptake,
• Crop response to sewage sludge phosphate,
• Prediction of necessary P-fertiliser application and the
• Management of P-fertilisers in plant production.

The main objective is a careful and effi cient use of the limited existing phosphate

The Field Experiments

Over eight years crop yield and nutrient uptake were measured in two fi eld experiments 
(52 x 162 meter) near Berne (Switzerland) on phosphate poor soils and different pH-
values with several crops (silage maize, grass-clover mixture, sugar beet, potatoes) in 
rotation with nine treatments and four repetitions.
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The Experimental Fields (soil description at start of experiment)
Location: Herzwil Oensingen 
pH-value (water) 5.7   acid 6.8    neutral
Phosphate content* 4.9*  poor 3.0*  poor
Organic matter % 2.6 3.9
Clay % 18 35 
Silt % 30 38
CaCO3 % 0 0.3 
Stone % 19.8 23.0
Soil type acid compact  brown earth para brown earth
*(extracted with CO2-saturated water, 1 : 2.5)  

Climatic Conditions
Annual precipitation: 860 - 1360 mm 
Average temperature: 7° - 9° C
Average summer temperature (April - October): 12.1° - 16.9° C  

Applied Fertilisers
Organic waste:
Six different sewage sludge’s: two without P-elimination (A), three with Fe-P-elimination 
(B) and one with Al-P-elimination (C) with the following characteristics:
   P (total kg/t DM) pH-value dry matter (%)   
 A 29.3 - 36.5 7.3 - 7.4 5.3 - 5.7
 B 34.1 - 36.9 7.3 - 7.5 7.1 - 9.6
 C 49.9  7.4  4.3                           
Mineral fertiliser (as comparison)
Super phosphate and basic slag  P (total %)          P (soluble in water/citric acid %)
Superphosphate              8.5 (8.4 - 8.6)         7.5 (7.3 - 8.0)
Basic slag          7.5 (6.9 - 8.9)  6.0 (5.7- 6.2) 

Results
 
The pH values for the control plots at both locations decreased slightly. Fertiliser application 
had no statistically signifi cant infl uence on the soil pH. The yield from P-fertilised soils was 
always higher than from those without fertiliser application. In some cases the difference 
was statistically signifi cant. The yields corresponded to a good average Swiss harvest 
(Table 1).

The comparison of relative yields on unfertilized and P-fertilised plots (P-fertilised
plots = 100%) by different crops is shown in table 1. The best effi ciency of sewage sludge 
– P results for potatoes.
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P-effi ciency (Table 2) of sewage sludge, compared with commercial fertilisers -basic slag 
in acid soil and superphosphate in neutral soil varied between 53% – 100% related to 
plant yield and 49% – 97% regarding the nutrient uptake. Sugar beet has in both soils the 
best P-acquisition capacity.

The best results were measured for crops that had been treated with waste water sludge 
without P-elimination. The lowest P-effi ciency was observed for sewage sludge that had 
been treated with chemicals for precipitating aluminium sulphate. In our experiments, 
the application of sewage sludge as a P-substitute positively affected plant growth and, 
therefore, plant yield.

Table 1. Relative yield in t/ha of several crops for plots with mineral fertiliser application
[absolute yield of plots with P-fertilizer]

Treatments Silage maize Grass-clover Sugar beet Potatoes
 (whole plants)
Acid soil, 87.9* 83.4*** 87.0* 90.7
unfertilized (0-plot)
    ½ P 94.8 94.8 99.0 102.1
    P 100 100 100 100
total yield t/ha [17.22] [12.58] [10.78] [32.55]
Neutral soil, 96.7 93.7* 94.5 79.0***
unfertilised (0-plot)
   ½ P 100.2 98.9 102.9 92.3
   P 100 100 100 100
total yield t/ha [16.66] [13.04] [12.41] [34.17]

* statistically signifi cant difference for P = 0.05
***statistically signifi cant difference for P = 0.01

Table 2. Calculated average P-effi ciency1 of sewage sludge in % with respect
to yield and P-uptake2

Soil type Silage maize Grass-clover Sugar beet Potatoes
Acid soil,
Yield 66 81 98 100
P-uptake2 53 87 97 55
Neutral soil, 
Yield 53 97 96 64
P-uptake2 49 87 97 55

                                          100 (Yield of sewage sludge fertilised plot – zero plot)
              1 P-effi ciency   =   -------------------------------------------------------------------------
                                                  (Yield of mineral P fertilised plot – zero plot)
               2 P-uptake        =     Yield x P-content of the appropriate culture) 

Conclusions
 
P-effi ciency of sewage sludge, compared with commercial fertilisers (basic slag and 
superphosphate), varied between 53% – 100% (plant yield) and 49% – 97% (nutrient 
uptake).
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The application of sewage sludge in agriculture is only feasible if heavy metals, harmful 
organic compounds and pathogens are limited and controlled. Due to those risks, the 
agricultural use of sewage is currently prohibited in Switzerland.

Figure 1. Relative yield of unfertilised-, mineral- and sewage sludge P-fertilised
crops (P = 100 %) over eight years
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