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Summary. We studied the effect of incubating peat with 
lime and sewage sludge in small proportions on biological 
activity and N mineralization. The peat response was de- 
pendent on pH and, in acid peats, on mineralization ca- 
pacity. In acid peats, the addition of sewage sludge inhib- 
ited biological activity. Only the most eutrophic peats 
(Herbosa) responded with accelerated mineralization. 
The addition of lime to acid peats favoured organic mat- 
ter mineralization, shown by a greater CO 2 release. The 
best results were obtained by adding lime and sewage 
sludge together. In saline peats, the best N levels were ob- 
tained without incubation. 
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Peat is used in agriculture as an organic amendment to 
soil (Dyal 1960; Lamb 1969; Gallagher 1975; Puustjarvi 
1975) because it contains large amounts of organic C in 
a very stable form. However, the biological activity of 
peat is very low and other materials must be added to 
promote the degradation of the peat organic matter. Ur- 
ban waste seems a suitable material because it contains 
microorganisms that can increase the mineralization of 
organic C, causing a profound physicochemical transfor- 
mation in the peat (Guerrero et al. 1987). 

Applications of peat improve the physical properties 
of soil (Boelter 1969; Bunt 1974; Puustjarvi 1974). The 
most important nutrient in peat is N, which may com- 
prise as much as 2% of the peat (Guerrero et al. 1987). 
The content of other elements is generally low. Although 
organic matter mineralization is slow, the transformation 
of N into different forms does occur. Diez et al. (1990) 
showed that peats have low levels of microbial activity, a 
low capacity for mobilizing N, and a high capacity for 
immobilizing N added to the soil as a fertilizer. 

since little information has been obtained with con- 
ventional methods of studying N dynamics in peat, we 
have obtained positive results previously (Diez et al. 
1990), we used the electro-ultrafiltration technique to 
characterize different N fractions (organic N, NO3, 
NH2) in a soil extract (Nemeth et al. 1979; Wiklicky and 
Nemeth 1991). 

The aim of this work was to improve the potential of 
the peats for use as fertilizers, by reactivating mineraliza- 
tion through the addition of sewage sludge in low propor- 
tions, and to evaluate the effects of the sludge on the 
changes shown in N dynamics by electro-ultrafiltration. 

Materials and methods 

We used samples from three Spanish peat bogs (Llano de Rofianzas, 
Asturias; Herbosa, Burgos; Torreblanca, Alicante), representing the 
whole soil profile. The chemical properties are reported in Table 1. Sam- 
piing sites and other properties of the first two peats have already been 
described by Guerrero and Polo (1988a, b). 

The sewage sludge was from the Valdebebas (Madrid) treatment 
plant and has been characterized by Diaz-Burgos and Polo (1991). The 
contents of some elements are given in Table 2. 

Electrical conductivity and pH were determined in a 1 : 5 soil : water 
mixture; total C was determined with a Carmograph-12 analyser and to- 
tal N by the Kjeldahl method, with determination of NH~ as produced 
by the Technicon AAII Autoanalyser. Cation exchange capacity was as- 
sessed as reported by Mehlich (1948) and lignin and cellulose were deter- 
mined according to Van Soest and Malcolm (1968). 

Total element concentrations were measured by atomic absorption 
spectrophotometry after extraction (soil solution ratio, 1 : 50) with a ni- 
tric-perchloric (ratio 1:50) acid solution. 

Incubation was carried out for 35 days as reported by Polo et al. 
(1983); four treatments (four replicates, each using 45 g peat) were car- 
ried out, one unincubated peat treatment and four incubated peat treat- 
ments, including a control; liming to pH 7 with calcium hydroxide; ad- 
dition of sewage sludge (0.3%); and liming + sewage sludge (0.3070). 

The CO 2 released was collected in 50 ml 0.2 N NaOH in order to 
determine daily and accumulated mineralization curves. The total min- 
eralization coefficient (CMT) was defined by the expression: 

CMT - mg C - C O  e x 100 
Correspondence to: J.A. Diez mg total C 
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Table 1. Chemical properties of peats 

Sample EC pH Ash C C :N CEC Type Lignin Cellulose 
(H20) (070) (070) (070) (90) 

Table 3. Coefficient of total mineralization for three types 
four treatments 

of peat and 

Sample Treatment Coefficient 

LL 60 3.5 5.8 44.6 29.7 132 Hemic 49.1 23.2 
H 520 3.6 9.3 45.1 37.5 113 Hemic 35.3 32.1 
T 10120 7.1 42.9 27.1 19.3 132 Sapric 32.3 22.9 
Sludge 6700 6.9 62.3 21.2 10.0 58 

CEC, Cation exchange capacity (meq 100 g -  a); EC, electrical conduc- 
tivity at 25 ~ (~tS cm-~); LL, Llano de Rofianzas; H, Herbosa; T, 
Torreblanca 

Two N fractions were obtained by electro-ultrafiltration (Nemeth 1979), 
one after 30 min at 20~ (200 V, 15 mA maximum) and the other after 
5 min at 80~ (400V, 150mA maximum). 

The soil samples were air-dried, crushed, and passed through a 
1-mm sieve; 5 g was taken from each sample for extraction by electro- 
ultrafiltration. The anode and cathode extracts relating to each fraction 
were mixed. The data reported in Figs. 1, 2, and 3 are the sum of both 
fractions. 

The total N in each electro-ultrafiltration fraction was determined 
with an autoanalyser by ultraviolet irradiation and subsequent oxida- 
tion with potassium persulphate in a strongly alkaline medium, in order 
to transform the N compounds into NO3- (Diez 1988) which was deter- 
mined N1 naphthylethylenediamine (Technicon 1966). NO3- was deter- 
mined before and after oxidation by a Technicon AAII Autoanalyser. 
The NH~- in the extracts was determined by the nitroprussite method 
(Dabin 1967) by the same Autoanalyser. The organic N coment (low 
molecular weight nitrogenous compounds), representing the organic 
fraction that is mineralized in the short term, was determined by the dif- 
ference between total N and NO~- + NH~-. 

Results and discussion 

The values obtained for the electro-ultrafiltration N frac- 
tions were the final result of a series of transformations 
which took place during incubation, e.g., volatilization of 
NH3 or immobilization of N by microorganisms. 

The addition of sewage sludge + lime had different 
effects on peat decomposition, depending on the type of 
peat, as shown by Figs. 1-  3. 

The addition of sewage sludge to the Llano de 
Rofianzas peat (Fig. 1) had no significant effects on the 
electro-ultrafiltration EUF-N values despite the high level 
of total N (1500 mg N 100 g-l) in the peat. This proba- 
bly reflected the moderately high C : N ratio (29.7) and a 
mid-low cellulose content (Table 2). In addition, this peat 
is low in nutrients, and therefore its mineralization capac- 
ity is low (Table 3); consequently, different values for 
EUF-N were obtained after the different treatments. 

Table 2. Contents of some elements in peats and sludge (mg 100 g-  
dry matter) 

Sample N Na K Ca Mg P 

LL 1500 57 8 74 89 36 
H 1200 103 8 22 31 35 
T 1400 2530 240 4914 356 15 
Sludge 2130 1350 490 3540 890 1090 

For explanation of peat symbols, see Table1 

LL Control 0.51 
LL Sewage sludge 0.46 
LL Lime 0.75 
LL Sludge + lime 1.13 
H Control 1.87 
H Sewage sludge 1.54 
H Lime 2.6t 
H Sludge + lime 2.69 
T Control 0.60 
T Sewage sludge 1.18 

For explanation of peat symbols, see Table 1. All treatments include in- 
cubation for 35 days 

Liming caused a drop in the EUF-NH~- fraction de- 
spite the increase observed in the coefficient of mineral- 
ization (Table 3), probably as a result of N losses by vola- 
tilization during incubation. An increase in the organic N 
fraction from the inavailable N, occurs after liming. 

Adding sewage sludge produced similar effects to lim- 
ing, and the greatest transformations took place when 
sludge was applied to the limed sample. In the lime + 
sludge treatment, both the peat and the sludge microor- 
ganisms were more active and, consequently, mineralized 
the peat much faster than in the other treatments (coeffi- 
cient of mineralization 1.13). While liming or sewage 
sludge reduced the NH~ fraction, concurrent addition 
increased this fraction and, consequently, the level of 
available N. 

Liming clearly accelerated mineralization when ap- 
plied to the Llano de Rofianzas peat. If this peat is incu- 
bated after liming and before being applied to the soil, 
heavy losses of N may occur through volatilization or im- 
mobilization. 

The Herbosa peat (Tables 1, 2) is different from the 
Llano de Rofianzas peat; although the pH is similar at 
3.6, total N levels are lower (1200 mg 100 g-x), the C :N  
ratio is higher (37.5) and the cellulose content is higher 
(32%). This peat is typically brown, with a low grade of 
decomposition and, consequently, a high mineralization 
capacity, as shown by the much higher total mineraliza- 
tion coefficients than those of the Llano de Rofianzas 
peat (Table 3). The incubation of this peat without any 
other material (control) caused a marked increase in the 
EUF-N fraction (Fig. 2), with NH2- as the main compo- 
nent, probably as a consequence of the low pH. When 
sewage sludge was added to this peat and the mixture was 
incubated, an increase in the EUF-N fraction was ob- 
tained (Fig. 2), due to greater formation of NH3. The 
rate of N mineralization was probably increased com- 
pared with the other two peats because this peat had 
highest lignin and cellulose contents (Table 2), and there 
may have been a decrease in the C :N  ratio. The NO3 
contents were so low as to be negligible (Fig. 2). 

In contrast to sewage sludge, the addition of lime to 
the Herbosa peat clearly decreased the EUF-N and EUF- 
NH~- fractions with incubation, and this effect was even 
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Fig. 1. N mineralization as determined by electro- 
ultrafiltration (EUF) in Llano de Rofianzas peat 
without incubation (11) and with incubation ([]) 
plus the addition of sewage sludge ([]), lime (11), 
or sludge+lime (~) 
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Fig. 2. N mineralization in Herbosa peat; for other 
explanations, see Fig. 1 
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Fig. 3. N mineralization in Torreblanca peat; for 
other explanations, see Fig. i 

more marked when sewage sludge was added. This behav- 
iour can be explained by the fact that N mineralization is 
strongly accelerated with liming and, consequently, N 
transformations are very rapid so that the NH~ fraction 
assessed by electro-ultrafiltration was only a small pro- 
portion of  the NH~- formed during incubation, owing to 
losses through volatilization. When Llano peat is used as 
an agricultural fertilizer, we recommend liming at the 
time of  application, and this is even more necessary for 
Herbosa peat because the mineralization rates under lim- 

ing are even more rapid. Double treatment of  liming + 
sewage sludge accelerates the process even further. 

The results obtained with the Herbosa peat can be 
generalized for acid peats with a high C : N ratio, high cel- 
lulose and low ash contents, and with high electrical con- 
ductivity; the addition of  sewage sludge to these peats im- 
proves the production of  plant-available N. 

The Torreblanca peat is different from the Llano de 
Rofianzas and Herbosa peats because it is neutral and sa- 
line and has a total N content of  1400mg 100g -1 (Ta- 
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bles 1, 2); this peat also has a very high electrical conduc- 
tivity (101201xScm-l), reflecting the high Na and Ca 
contents, which probably contribute to the relatively high 
ash content (42.9%). The C : N ratio is low and the cellu- 
lose content medium (Table 1). This peat can only be used 
for agricultural purposes with extreme caution because of 
its high salt content. 

Since this peat is neutral (pH 7.1), all N transforma- 
tions were concentrated in the NO~ and organic N frac- 
tions (Fig. 3), unlike the other two peats. Obviously, when 
studying the effects of incubation on N availability in this 
peat, liming treatments were excluded. 

Incubation of this peat accelerated N mineralization 
and N, NO~-, and organic N as assessed by electro- 
ultrafiltration fell to low levels, reflecting N H  3 losses 
through volatilization, as observed for the other peats in 
the liming treatments. Adding sewage sludge accentuated 
this behaviour, so that these fractions were even lower. 

The total mineralization coefficient (Table 3) for this 
peat when treated with sewage sludge was almost double 
that of the control sample, probably because the microor- 
ganisms added with the urban waste are able to use or- 
ganic C which was unavailable to the peat microorgan- 
isms. 

As a consequence of the results obtained, we classi- 
fied these peats into two groups according to pH, acid 
and neutral. Among the acid peats there were two differ- 
ent types, those showing a low mineralization capacity 
(low C:N ratio, low cellulose content and low electrical 
conductivity) and those with a high mineralization capac- 
ity. 

The peat with a low mineralization capacity was not 
substantially affected when incubated alone without any 
treatment and only slightly by the addition of sewage 
sludge. In contrast, with the more reactive peat, that from 
Herbosa, incubation alone and with sewage sludge sub- 
stantially accelerated mineralization, giving rise to prod- 
ucts very rich in available N. 

In the two acid peats (Llano de Rofianzas and Her- 
bosa) the addition of sewage sludge reduced the biologi- 
cal activity because this waste depressed the peat micro- 
organisms. Moreover, the sludge microorganisms were' 
unable to act on the peat either, because the peat pH and 
biological activity were still too low. The mineralization 
coefficient decreased in the order Herbosa>Torreblan- 
ca > Llano de Rofianzas peat. 

Liming favours mineralization of organic matter by 
increasing the microbial activity, as shown by a greater 
CO2 release. However, when sewage sludge was added to 
the limed peats mineralization increased threefold in 
some cases. With this treatment, a dual effect occurs 
which increases the biological activity of the medium, 
both in the peat and the sludge, so that optimum condi- 
tions develop. Nevertheless, these effects are relatively 
low in heroic peats, as observed in the Llano de Rofianzas 
peat. 

In conclusion, a high rate of organic matter mineral- 
ization was obtained with liming. This treatment is rec- 
ommended at the time of peat addition to soil in order 
to prevent NH 3 losses; the greater the peat mineraliza- 
tion capacity, the higher the N H  3 losses. 

In acid peats, incubation with sewage sludge is recom- 
mended to obtain a product richer in available N, but lim- 
ing is required at the time of application to the soil. 

Saline peats like those from Torreblanca have serious 
limitations for use as fertilizers in view of their high salt 
content. To avoid this problem, the peat can first be 
washed with fresh water or be treated with gypsum to re- 
place part of the Na by Ca (Diez et al. 1990). For a better 
use of N, they should be applied directly to the soil with- 
out incubation. Our results also show that the addition of 
sewage sludge accelerates mineralization. 
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