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ABSTRACT

Studieswere conducted to determine the use of an organic residue (sewage sludge compost) for
four years (1996-1999), to study effects of sewage compost on crop yield and chemical proper-
ties of soil under field condition. Productivity studies showed that the greatest growth is ob-
tained inmixed |1 treatment (12000 kg/ha sewage sl udge compost plus 350 kg/haurea) with 20 %
morethan mineral fertilization, followed by mixed | (8000 kg/hasewage sludge compost plus 350
kg/haurea) with 10 % more than mineral fertilization. No toxic effects arising from the heavy
metalsin the plant were observed. Moreover, the concentration of heavy metalsin the soil are
below Spanish and European legal limits.
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RESUMEN

Serealizaron ensayos con residuos organi cos (bi odegradados de sedimentos de aguas residual es)
durante 4 afios (1996-1999) paradeterminar €l efecto del lodo biodegradado sobrelaproduccién
y las propiedades quimicas del suelo. Estudios de productividad han demostrado que el mayor
crecimiento se haobtenido con el tratamiento mixto 11 (12000 kg/ha de lodo biodegradado méas
350 kg/hade urea) con 20 % méas que lafertilizacion mineral, seguido del mixto | (8000 kg/halodo
biodegradado més 350 kg/hade urea) con 10 % méas quelafertilizacion mineral. Conrespecto al
contenido en metales pesados, en ningln momento la aplicacion de lodo biodegradado en un
cultivo de maiz ha constituido un riesgo paralaplanta. Laconcentracién de metales pesadosen
el suelo esta por debajo de los limites legales permitidos en Espafiay en el resto de Europa.

INTRODUCTION

Knowing of chemical composition of sewage slud-
gesisof great importance when devel oping recommen-
dationsfor therates of sludge applicationson agricultural
land (Beltran et al. 1999). At the present time, recom-
mendationsfor sludge applicationsrateson land are based
on the fertilizer values (N, P and K) and on the concen-
trations of trace metals present in sludge (Delgado et al.

1999). The metals of primary concern are Zn, Cu, Pb, Ni
and Cd which, when applied to soilsin excessiveamounts,
may reduce plant yields or impair the quality of food or
fiber produced (Parr et al.1989).

On the other hand, repeated applications of compost
from sewage sludges on agricultural soil have significant
effects on the physical and chemical properties of soil
(Redy and Overcash 1981, Okereke 1985). A consider-
able amount of research has been carried out in Europe
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in order to evaluate the effects of compost from sewage
dudgeon soil properties(Williamsand Goh 1982, Sheiikh
et al. 1990).

Organic matter deficit in Spanish soils has reached
alarming levels, which are not higher than 1 % due to
agricultural practices (Beltrén et al. 2000). Hence, a
greater effort is needed to promote the conservation and
enrichment of organic matter (Berry 1987). Nowadays
sewage sludge recycling is one of the main options
adopted in agriculture because sewage sludge compost
isplenty of plant nutrients, especially N and P, and arean
effectivelong-lasting amendment.

The purpose of present study was to determine the
effect of sewage sludge compost on maize crop yield
and on the chemical propertiesof the soil under field con-
dition.

MATERIALS AND METHODS

The study was conducted for four years (1996-1999),
at a cultivation area located in the province of Madrid,
Spain. Maize (Zea mays L. var. Juanita) was grown in
soil amended with acompost of sewage sludge obtained
after an aerobic fermentation process of sewage slud-
ges mixture from six waste water treatment plants in
Madrid (VValdebebas, ChinaButarque, Rejas, Sur and Sur
Oriental).

Three different treatments were applied (bottom
dressing in March and cover dressing in May) to soil
surface: mineral treatment (control) (Barrantes et al.
1992, Dominguez 1997), mixed | treatment and mixed I
treatment (sewage sludge compost plus urea). The char-
acteristics of treatments used were:

e Mineral treatment (Control) with basal dressing: 800
kg/ha of N (NH,NO,)-P (CaHPO, )-K (KCL) (15-
15-15) and top dressing: 350 kg/ha urea (46 %).

e Mixed | treatment with basal dressing: 8000 kg/ha sew-
age sludge compost and top dressing : 350 kg/ha urea
(46 %).

e Mixed Il treatment with basal dressing: 12000 kg/ha
sewage sludge compost and top dressing: 350 kg/ha
urea (46 %).

Table | shows the chemical composition of sewage
sludge compost used in the trials (dry weight), the pH
was obtained with the glass electrode, using a soil water
suspension of 1:2.5 (w/v), electric conductivity was de-
termined in conductivimeter (soil/water ratio, 1:5.0)
25 °C, oxidable carbon by the Walkley-Black method
(APHA, AWWA, WPCF 1992), total Kjeldahl nitrogen
by Kjeldahl method (Hesse 1971) and P, K, Ca, Fe, Mg
and heavy metals Cu, Pb, Cr, Zn, Ni and Cd concentra-
tions were determined by atomic absorption spectros-
copy (AAS) after mineraization with HNO,+ HCLO,
solution (Simsand Kline 1991).

TABLEI. CHEMICAL ANALY SIS OF THE SEWAGE SLUDGE
COMPOST USED (1996, 1997, 1998 and 1999)

Characteristics Sewage Sludge Compost*
Humidity (%) 215
pH (H.0) 7.9
E.C. (dS/m) 46
Organic Matter (%) 36.6
Oxidable Carbon(%) 13.2
Total Kjeldahl Nitrogen (%) 25
Phosphorus (%) 30
Potassium (%) 0.4
Calcium (%) 7.1
Iron (%) 1.7
M agnesium (%) 0.9
Copper (mg/kg) 2935
Lead (mg/kg) 194.0
Chromium (mg/kg) 279.5
Zinc (mg/kg) 1205.5
Nickel (mg/kg) 55.0
Cadmium (mg/kg) 35

* Mean of four years

Harvested plants were oven dried at 65 °C, weighed
for dry matter yield, ground and stored for analysis. The
production and metal uptake of grain maize were ana-
lyzed after annual treatment (Chae and Tabutabai 1986).

Soil samples were brought from the field at depth O-
30 and 30-60 cm were taken from 30 sites (10 samples
mineral treatment, 10 samples mixed | treatment and 10
samplesmixed |1 treatment) for each depth in the winter
of 1999, the samples were air-dried, passed through a 2
mm sieve and stored at 4 °C.

RESULTS AND DISCUSSION

The factors studied were those related to production
and quality of the maize grain and to the properties of the
soil. Specia importance was conferred to the possible
contamination with heavy metals (factor that limits its
use), especially in the plots with annual application of
compost.

Table |l shows the yield maize grain (kg/ha) in dif-
ferent treatments througout for the four years of the ex-
periment.

TABLEII. MAIZE GRAIN YIELD IN DIFFERENT TREAT-
MENTS DURING 1996 TO 1999 (kg/ha)

1996 1997 1998 1999 Average
production
Mineral 10148 13597 10006 11852 11401
Mixed | 11545 14117 11947 13565 12793
Mixed I 13818 15708 12840 13954 14080




SEWAGE SLUDGE COMPOST FERTILIZER EFFECT ON MAIZE YIELD 149

TABLE I11. ANALYTICAL CHARACTERISTICS OF MAIZE GRAIN IN 1999

Amended Zn*  Cu* Cr* Pb*

Cd* Ni* P (%)

K (%) Ca(%)

Mineral 1883 246 229 050 00052 322 027 029 0.004
Mixed | 1567 386 212 054 00050 301 0.22 0.26  0.003
Mixed I 1433 436 275 067 00053 299 0.21 0.20  0.003

*heavy metals (mg/kg)

Production results showed that in mixed |1 treatment
(12000 kg/ha sewage sludge compost + 350 kg/ha urea)
average grain yield was 14080 kg/ha, a 23.5 % increase
with respect to mineral treatment in mixed | grain yield
that was 12793 kg/ha, a 12.2 with respect to the stan-
dard (Hernéndez et al. 1991).

Table |1 shows analytical characteristics of maize
grain; no toxic effects arising from the heavy metalsin
the plant were observed.

Also, the purpose of the present study was to deter-
mine the effect of sewage sludge compost on several
soil parameters ( pH, E.C., organic matter, N, P, K, hu-
mic acids, fulvic acids and heavy metals). Although the
annual application of therate mixed |1 resulted in anim-
portant accumulation of heavy metals in the soil, never
exceeded Spanish nor European limits (Table | V) (Guidi
et al. 1990, Wagner 1993).

Intable IV within each heavy metal, the means fol-
lowed by the same letter are not significantly different
(p>0.05), based on analysis of variance (ANOVA) mul-
tiple range tests. There are no significant differencesfor
heavy metalslead, cadmium and chromium in anything
for profile soil 0-30 and 30-60 because the results in all
the treatments were: Pb < 3 mg/kg, Cd < 0.1 mg/kg and
Cr <3 mg/kg.

TABLEIV.HEAVY METALSIN SOIL PROFILE (mg/kg) IN 1999*

Amended Mineral Mixed | Mixed Il
Cu

0-30 5.302 7.90° 10.70¢

30-60 3.307 3.352 6.15°
Zn

0-30 31.402 53.10° 70.90¢

30-60 22.902 24.00° 39.80¢
Ni

0-30 6.652 8.55° 10.45°

30-60 6.252 6.152 8.20°

* Each value represents the mean of 10 pots

Within each agronomic parameter (pH, E.C., total K-
N, P, K and Ca), means followed by the same letter are
not significantly different (p>0.05), based on analysis of
variance (ANOVA) multiple range tests.

Within each type of organic matter (Table V), the
means followed by the same letter are not significantly
different (p>0.05), based on analysis of variance
(ANOVA) multiple range tests.

TABLEV. AGRONOMIC PARAMETERS IN SOIL PROFILE
(mg/kg) IN 1999

Depth (cm) Minera  Mixed | Mixed I

pH 1:25 H.,0 0-30 8.592 8.46° 8.26°
30-60 8.252 8.49b 8.40°

E.C.dSm:1.5H,0 0-30 0.22a 0.27° 0.31°
30-60 1.422 0.472 0.38°

Total K-Nitrogen (%) 0-30 0.13* 0.132° 0.15°
30-60 0.072 0.09%0 0.11°

Phosphorus (%) 0-30 0.05* 0.11° 0.16°
30-60 0.03° 0.04° 0.06°

Potassium (%) 0-30 0.50° 0.518 0.522
30-60 0.442 0.48° 0.49°

Calcium (%) 0-30 16852  17.372 17.782
30-60 1757 1793 18.322

* Each value represents the mean of 10 pots

The sewage sludge compost (Table V1) increases
oxidable carbon and humic acidsin the soil (Pagliai et al.
1981, Smith et al. 1993). No significant organic matter
was detected in 30-60 cm depth.

TABLE VI. ORGANIC MATTER IN SOIL PROFILE (0-30 cm of
depth) IN 1999

Mineral Mixed | Mixed 11
Oxidable Carbon (%) 1.142 1.29° 1.41°
HumicAcids(mg/kg) 1.39° 1.64° 1.74°
FulvicAcids (mg/kg) 1.222 1.222 1.232

* Each value represents the mean of 10 pots

ANALYSIS OF DATA

A statistic analysis of variance multiple range tests
from agronomic factors, heavy metals and organic mat-
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ter in soil profilewas carried out for 1999 (TablesIV, V
and V1). The conclusions from these analysis were:

For 0-30 cm depth: denotes a statistically signifi-
cant difference (p<0.05) for nitrogen, pH, electric con-
ductivity, oxidable carbon, humic acids, fulvic acidsand
heavy metals means (nickel, copper and zinc), and there
isno statistically significant difference (p>0.05) for phos-
phorus, calcium and potassium.

For 30-60 cm depth: denotes a statistically signifi-
cant difference for pH, electric conductivity, nitrogen,
phosphorus, potassium, oxidable carbon, calcium and
heavy metals (nickel, copper and zinc), and there is no
statistically significant differencefor lead, cadmium and
chromium.

Theresults obtained show the effect of sewage sludge
compost on chemical properties of the soil under field
conditionand confirmthe possibility to use sewagedudge
compost asfertilizer on maize.
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