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EFPE€TS OF 1:Z YEARS US~ OF SEWAGE SLUDGE ON THE 
PLANT-SOIL SYSTEM 

Pa:olo Mantovi w, Guido Baldoni f2J 

I ntr oduction 
Sludge is rich in nutrients sucll as nitrogen and phosphorous and 
contains valuable organic matter but tends to concentrate heavy 
metals and trace organic compounds present in wastewater. 

Long-term research on sludge use on cropland are needed because 
many of its etfects, e.g. organic matter variation and the possible 
build-up of tolc.ic efements in soíl, evolve slowly and are difficult to 
predict. 

The effects of municipal-industrial wastewater sludge, appfied to soil in 
different forms and at two rates, have been evaluated on a winter 
wheat - sugar beet - malze rotation conducted in the e¡¡stem Po 
Valley (Ravenna, Italy) since. 1988. 

· Materíals and methods 
The soil has silty-loa·m texture and is 

calcareous rich, ínitíally had 7.8 pH, 13.9 
meq (100g)·1 c.ationk exchange capacity 
(CEC}, and 1.6% organic matter (OM) 
content. Sludge derives from a treatment 
plant of municipal-industrial wastewater 
(120,000 population -equivalen!:, see 
Fi9ure 1). It has been applied every year 
in the autumn, prior to ploughing. 

Sludge treatments include the factorial 
combination ofthe following: 

- three types: liquid, dewatered and com­
posted sludge (dewatered + wheat straw, 
9:i. w/w respectiveJy); 

- two rates: 5 and 10 Mg DM ha'1 yr1 (7.5 
and 1S Mg DM ha·1 yr1 until 1994). 

Treatments have always been repeated on 
the same plots, with 12 randomised 
replicates. 

Alf crop residues have be.en removed from 
the field, except sugar beet leaves. 

In 2000, at the end of the lirst 12 years of 
the tr.ial, soil {to a depth of 40 cm) and 
crop (wheat grain and straw, maíze grain 
and stalks + cobs, sugar beet roots) 
sarnples were tak.en for ana!ysis. 

2,4 ,------------------, 

O ~ ~ ~ ~ M ~ ~ ~ ~ 

Totol inputofcntloo (MO ho.,J 

Fí9ure z. Ef:fec:l5 o' c:JIIrbon input and sludge type 
on OH concentratkm in soil 

Figure 1.. Layout ofthe mu'nidpal-industlial wastewater 
treatment p/ant and obtaíned sludge types. 

Fertilísation 
Inorganic (4 levels avy.) 
Sludge (6 types x retes av¡¡.) 

Sígniricance 

Slu11ge rates 
(3 types avera9e) 
S QM t-.ña·t yr·1 

10 DM t ha·t yr·1 

Signíficance 

Fertilisation 
Inorganic (<1 Levels avg.) 
Sludge (6 typesx r-ates avg.) 

Significance 

Sludge rates 
(3 types •~er~9e} 
5 DM t ha·1 Yr'1 

10 DM t ha·1 y(1 

Sign fficance 

pH 

8.06 
8.00 

.. ''"" 

8.03 
7.96 
ll':i!.*: 

Cd 
rng kg' 1 

0.355 
0.362 

ns 

0.350 
0.370 

O.M. 
% 

1.80 
2.07 

*** 

1.95 
2.19 

**"' 
Cr 

mg kg·1 

58.3 
59.6 
ns 

59.1 
60.1 
ns 

Total N C/N Olsen P E.C. 
%o mg kg'1 ms cm·• 

1.40 7.45 26.67 0.164 
1.53 7.89 45.22 0 .206 

** * 
,...._ .. "'""" 

1.43 7.96 35.67 0.190 
1.63 7.82 54.78 0.222 

"~** ns **" 1ot:* 

Cu Ni Pb Z.n 
mg kg"1 mg kg-1 mg kg-1 mg kg·' 

60.7 46.~ 15.8 82.8 
65.7 48.4 15.7 93.9 

*"' ns ns ,. .. 
64.0 48.0 15.4 89.3 
67.4 48.7 16.1 98.5 
ns ns ns *"' 

n~, • , ·••, "'** differences between means not slgnlficant, significan¡ at P<:0.05, 0.01 and 0.001, 
respectively, accoróing to AIIIOVA. 

Taóle t . Soil parameters ín 20QO, i1fter 1Z years of fl!!rtilísations. 

Results 
Sludge proved to be an interestiog surrogate for mineral fertilisers; applied at a 

correct rate they gave crop yields similar to the best mineral dressing an.d no 
evident phytoto-xk effects. 

Sludge increased organic matter, total nitrogen, and available phosphorous in the 
soil, with more evident effects at the highest rate ( Table .t). The composted sludge 
ca u sed the most pronounced organic matter topsoil accumulation (Figure 2), thanks 
to its be·tter organic matter quality. The increase. of soif salinity was significant but 
slight. Significant accumulations of total zinc and copper were detected in amended 
topsoil. Apart ft:om these essential elements, the toxic metals cadmium, chromium, 
nickel and lead showed substantially no risk of agricultura! products cont amination. 

On the whole, the applicatíon of sludge brought about notable benefits to soil 
fertWty, associated with possible negative effects on water quality, due to increased 
phosphorous availability and on soil ecology due to zinc accumulation. 

This ·field trial is going on and wifl rocus on the risks of trace orgaoic compounds 
accumulation in soil. 

Research financed by the "Assessorate for Agriculturo, Environment and Sustaínable 
oevelopmenr of the Emi/ia-Romagna Region 


