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A bstract Sugar-beet washing earth (1), ash from a straw combustion furnace (2), and a
mixture of both those waste products (3) were added once to pots with light soil. Subsequently, lime
slabilised sewage sludge from a treatment plant in Zamos$é, was added in the amounts equal to 2 and
5% of the soil weight. The control “0” contained no sludge. On those substrata, maize was grown in
a three-year monoculture, Tn the beginning and at the end of the study, the level of organic carbon
content in the soil, as well as its fraction soluble in 0.1 M NayP207 + 0.1 M NaOH and 0.05 M
H2S04 was determined.

It was determined that sewage sludge had the greatest effect on the organic matter, the effect of
other waste products were tar less pronounced. Sludge addition increased the level of organic carbon
proportionally to the amount of sludge used. The absolute content of carbon compounds seluble in
pvrophosphate and sulphuric acid also increased, but the proportion of both those fractions in the lo-
tal amount of organic carbon decreased. It has been established that after three years, the process of
slugged organic matter transformation into the humus was already noticeable. Carban to nitrogen ra-
tio improved and humic acids condensation also increased, while the proportion of mobile com-
pounds (fulvic acids and compounds extracted with HaSO4) decreased, which indicates organic
matter stabilisation. A strong correlation between the amount of carbon fractions and maize yield. as
well as many olher characteristics of the soil and the plants were established.

K ¢y words: organic matter, fractions of humus, lime stabilised sewage sludge, sugar-beet
washing earth, ash from a straw combustion furnace.

INTRODUCTION

Balance of organic carbon in the ecosystems deteriorates constantly as a result of
climatic changes, deforestation, and enlargement of farming areas. The above changes
are not conducive to humus accumulation [2]. Therefore, a rational management of
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field organic matter, as well as stimulation of its increase are necessary. This is es-
pecially true for the soils in our climatic zone, as they are poor in humus, More-
over this humus is characterised by a high proportion of fulvic acids. That is why,
according to Turski [12], “... observation of all the ecological rules should aim at
restoring organic compounds of the biological cycle from all possible sources”.
Those possible sources include such waste products as washing carth or sewage
sludge which is a rich source of humus-forming substances. Therefore, one of the
aims of the study presented here was to determine the effect of sewage sludge and
other agrogenic wastes on the changes in organic substance of the soil on which
maize, a plant that exerts a negative effect on the humus balance, was grown.

MATERIALS AND METHODS

A three-year experiment was carried out in the Institute of Agricultural Sci-
ences in Zamos¢, Agricultural University of Lublin. In the spring of 1996, pots
with 8 kg of control soil (light loamy sand) were once supplemented with: (1)
sugar-beet washing earth from Werbkowice at a dose of 100 g kg'I dry soil
(equivalent to 280 Mg ha'! dry weight, i.e. an optimum amount for field fertiliza-
tion as established in other experiments [8]); (2) ash from a straw combustion fur-
nace in the amount of 0.31 g DM kg"1 dry soil (equivalent to 0.9 Mg DM ha‘l, ie.
an average amount remaining after one heating season in a farm which uses a PM-
35 heater); (3) a mixture of both of the above wastes in the amounts given above.
The substrata so obtained were enriched with a 2 and 5% doses of sewage sludge,
with a “zero” variant containing no sludge. The obtained combinations are pre-
sented in Fig. 1.

0 2% 5%
with no sewage sludge sewape sludge sewage sludge
soil

soil + sugar-beet washing earth

soil + ash from a straw combustion furnace

soil + sugar-beet washing earth + ash from a straw combustion furnace

Fig. 1. Outline of the experiment.
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In the experiment, lime stabilised sewage sludge was used. According to Sloan
and Basty [9], it is better suited for farming purposes than fermented sludge. It
was produced in a sewage treatment plant in Zamos¢. The amounts applied (i.c. 20
and 50 g DM sludge kg'l soil) were followed standard agronomic doses and corre-
sponded to 56 and 140 Mg DM ha™!. The content of heavy metals as well as the
sludge sanitary condition allowed for its use in farming.

Maize was grown in the pots protected from rain and watered with distilled
water in a three-year monoculture. It was harvested in the early dought stage.

The level of organic carbon (according to Tiurin) [6], and its fraction soluble
in 0.1 M NagP207+0.1 M NaOH and 0.05 M H2804 (Kononowa-Bielczikowa’s
method) [6] were determined at the beginning and at the end of the experiment. Hu-
mic and fulvic acids, and humins were used for the interpretation of results meant the
compounds obtained according to the methods of humus fractioninig. Strictly speak-
ing, they were not only carbon compounds of the humus, but also carbon compounds
of the organic matter added into the soil and having the same solubility in the extrac-
tion solutions used. Characteristics of the organic matter used in the experiment:
soil, washing earth, and sewage sludge are presented in Table 1.

Additionally, at the end of the first vegetation season the number of het-
erotropic microorganisms (basing on the number of colonies grown on agar me-
dia), and intensity of microbial respiration measured as the amount of the released
CO2 (Maciak’s method) were determined. Soil analyses were carried out accord-
ing to the standard procedures of agrochemical laboratories. Total heavy metal
content was analysed by flame atomic absorption spectrometry (AAS) after hot
aqua regia digestion of the solid sample.

The present study was carried out according to the split-plot model in three
replications; the results were analysed statistically.

Table I. Organic matter characteristics in the control soil, washing earth and sewage sludge

Percentage of C in total organic C

) Tmfﬂ ] extracted with
Subisirata C:N-organic C ¢ M NayPr07+0.1 MNaOH _ Extracted  E4:Eg
(ke sl ™ FA on With0.05  humic
hydroly- M H:2804  acids
sable C
Soil 16 6 11.5 324 56.1 11.1 39
Sugar-beet
washing earth 10 15 10.4 37.7 55.4 6.2 4.4

Sewage sludge 7 256 4.7 374 57.9 8.8 6.1
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Fig. 2. Changes in the content of organic C in the substrata a result of sewage sludge.

RESULTS AND DISCUSSION

Addition of sewage sludge rich in organic matter (Table 1) to the soil had a
double effect. It increased the organic carbon level in the substrata proportionally
to the dose, simultaneously, but to a lesser degree, intensifying mineralisation
processes. This is why after three years of the experiment, the amount of carbon in
the combinations with the sludge lower dose was higher by 50%, while in the
combinations with its higher dose, by 100%, even though carbon losses in those
pots were the highest. The observed intensification of decomposition processes re-
sulted from an increase in the soil microbiological activity, usually took place af-
ter addition of fresh organic matter [5,10,12]. Lime stabilised sewage sludge
decomposes only slightly before its application, so it contains large amounts of
oxidable organic carbon [9] which is a good culture medium for microorganisms.
This is why their numbers and also the intensity of microbial respiration increased
so significantly in the pots containing sewage sludge (Fig. 3).

Addition of sludge containing a biomass of heterotrophic organisms with a
characteristic, narrow C:N ratio resulted in an understandable narrowing of the
carbon to nitrogen proportion in the substrata (Tables 1 and 2). Its values show
a tendency to become closer to the values characteristic of humus substances
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Fig, 3. Effect of sewage sludge on some indices of microbial activity in the substrata.

Table 2. Effect of sewage sludge on some organic matter characteristics in the studied substrata
in 1996 and 1998

Rate of sewage C:N Ea:Ep 0,05 M H2S04 extractable C
51(1'1;});& humic acids Jgg'l sl % total org. C
0
1996 1998 1996 1998 1596 1998 1996 1998
0 10.0 11.8 55 3.8 0.65 9,53 1.3 9.1
2 8.9 11.1 6.6 3.9 0.83 0.53 8.7 6.2
5 8.6 9.1 6.4 4.0 1.24 0.67 8.1 5.6
_ Mean 9.2 107 62 38 091 058 94 7.0
LSDo.os
between years 0.8 0.4 0.06 0.6
years x dose of - 0.6 0.10 1.2
sludge

already after three years. That allows us to presuging processes had already
started. Additionally, heteropolymodepends on the amounts of its components and
proportions between them, According to Kononowa [5], free substances and sub-
stances associated with calcium or with silicate-free R203 forms are the most ac-
tive components of the humus. They make up a sum of humic and fulvic acids
which are extractable with a mixture of 0.1 M Na4P207 + 0.1 M NaOH. In our ex-
periment, the absolute amount of such carbon compounds clearly increased as an
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effect of sludge addition, but its percentage decreased (Fig. 4). Because the level
of humic acids (HA) rose at a slower rate than the level of fulvic acids (FA), the
already unfavourable relationship between got even worse, i.e.: from 0.30 in zero
variants to the average of 0.24 in the combinations with sludge.

=47 - —Ls%]

Cingkg dry soil

(0] 2% 5%
sewage sludge doses

Fig. 4. Effect of sewage sludge on the contents of carbon fractions extracted with 0.1 M NagP207 +
0.1 M NaOH.

In our climate, fulvic acids predominate in the humus [12]; they are formed in
acidic soils which are poor and show low biological activity. Such a soil was also
used in our experiment. Fulvic acids are often regarded as the youngest humus
fractions, which can undergo mineralisation or, in favourable conditions, be trans-
formed into humic acids [1,5,11,13]. It is, therefore, a possible that at least a part
of the fulvic acids added to the sewage sludge would be transformed in this way, as
the trophic conditions and the pH of the soil improved significantly. Additionally,
macromolecules of humic acids became more condensed with time; the fraction of
aliphatic chains decreased in favour of aromatic units. This was indicated in the low-
ering of the E4:E¢ colour index (the ratio between extinction at 465 and 665 nm - Ta-
ble 2). Such changes are characteristic of humification processes [5,11].

Addition of sludge resulted not only in an increase of the concentration of non
hydrolizable C, but also in the increase of its fraction in the total organic carbon
content (Fig. 4). This could have been due to the stabilising effect of the lime
added to the soil together with the sewage sludge as it not only reduces the solubi-
lity of the humus, but also changes the inner structure of its molecules [1].
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Proportionally to the sludge dose, the content of low-molecular carbon com-
pounds extracted with 0.05 M H2SOy4 also increased, while its fraction in the total
organic carbon content decreased (Table 2). This was especially noticeable after
three years. It is understandable as those substances, similarly to other simple ali-
phatic acids, amino acids, sugar acids, and polyphenols, are very liable to micro-
bial degradation [3,11,13]. Additionally, as was noted by Sloan et af. [10], organic
matter added with sewage sludge stabilises with time, and the level of soluble or-
ganic compounds of carbon goes down.

Other wastes modified the results to a much lesser degree. Washing earth and
its mixture with ash stimulated an increase of the organic carbon content in the
soil (Table 3). While ash from straw lowered the level of organic carbon, it in-
creased the proportion of its most active fractions, including humic acids. How-
ever, they were characterised by a worse structure as indicated by an increase of

T able 3. Changes of some organic matter properties as an effect of washing carth and ash from
straw (average from 1996 and 1998)

Total Percentage of C Eq:Ep Content of
humic C tulvic

roani . . .
binati mfb"‘;'?]C soluble in  humic acids s -
a i (53 {3 . ~ o fr
Combinations (g kg pirofosfate (% org. C) acids acids

soil) (% org. C) (8 kghl
soil)
with no sewage sludge sludge 5%
Sail 5.8 46 8 3.9 4.0
+ sugar-beel washing earth 6.7 44 9 4.2 3.4
+ ash from a slraw 4.8 58 17 %5 4.4
+ sugar-beel washing earth+ash 6.1 47 10 4.9 43
rom a straw

LSDy.os 1.3 8 3 0.8 0.5

the E4:Eg ratio. Washing earth also reduced the increase in the fulvic acid content

resulting from the addition of a 5% dose of sewage sludge (Table 3).
The use of sewage sludge resulted in an increase in the concentration of so-

luble organic compounds in the soil [9,10]. Those substances regulate availability
of nutrients, and also affect solubility of heavy metals in the soils [4,9,10]. In the
experiment presented here, strong correlation between the content of various or-
ganic matter fractions, nutrients and metals levels in the substrata, as well as plant
yield was observed. Sorptive capacity, total N, and available forms of P, K, Mg, as
well as the majority of heavy metals (with the exemption of Cr and Fe) were posi-
tively correlated with the content of carbon in the compounds soluble in both ex-
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traction solutions (Table 4). What is more, the level of many indices correlated
significantly stronger with the content of carbon in fulvic than in humic acids.
This can be explained by the fact that fulvic acids have more carboxyl and acid
hydroxyl groups capable of forming chelates with metals [11,13]. In the case of
sorptive capacity, N, P, and Mg, a stronger relationship was established between

Table 4. Correlation indices between the levels of various carbon fractions and plant vields and
some substrata properties (n=72)

C extracted with

Parameter 0.1 M NagP207+0.1 M 0.05 M Significant diffcrcncg{s
NaOH HASOs between modules of
correlation coefticients
HA FA %
o a b ¢ d
Yield 0.42%%%  (,52%%*% () 65%**  (.35% o
CEC 0.59%*% (. BG¥** (.89*** (), 76*+** b>a c>d
Total N 0.53%%* (90%*% () 0Dk%* () TO¥A* b>a c>a exd
Available P 0.538%#% (. 92%** () 05%k* () GO+ b>a c>a ex>d
Available K ns 0.54%%% () 52%%%x () AQ**
Available Mg 0.59%%%  0.92%%*% 0.95%** (81***  b>a c>a e>d
— Cd ns 0.60%%*  (,58%** () E3%**
;% Cr ns ns ns ns
Cu 0.61%%% () 89*** () Q3*** () Qy¥¥* b>a c>a
Fe 0.44%* ns ns ns
Mn ns 0.50**%  ( 55%%k () 53%k%
Ni Q57 (IS]xEk (ispeas  DA5%
Pb 0.61%%% (.82%** (Re**+ (.78%*+ b>a c>a
n 0.59%*% () g9##** () QRkk¥ () RBH** b>a c>a

®, Rk EEx Significant at 0.05;5 0.01, and 0.001 levels of probability, respectively. ns - not significant.

their level and the carbon content determined in the alkalic pyrophosphate than in
the sulphuric acid extract.

CONCLUSIONS

Our results do not allow to draw any general conclusions, as they were ob-
tained from a three-year pot experiment, It can be stated, however, that the pro-
cesses of forming humus from the sludge organic matter had started and they
proceeded in the right direction. Firstly, because there was an improvement of the
carbon to nitrogen ratio, secondly, maturing of humic acids, and thirdly, a de-
crease in the proportion of mobile forms (fulvic acids, and also compounds ex-
tracted with sulphuric acid) with a simultancous increase in the proportion of more
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stable structures. This allows to presume that lime stabilised sewage sludge from
Zamo$¢ can be a source of humus-forming substances, and its quality can be im-
proved by mixing with washing earth or ash from straw.

Financial support for this study was provided by the Provincial Fund for the
Environment Protection and Water Management in Zamo$é.

REFERENCES

1. Andrzejewski M.: Znaczenie prochnicy dla zyznosci gleb. Zesz. Probl. Post. Nauk Roln,, 411,
11-21, 1993.

2. Cebrian J., Durate C.M.: Plant growth-rate dependence of detrital carbon storage in ecosystems,
Science, 268, 1606-1608, 1995,

3. Flis-Bujak M., Baran S., Zukowska G.: Wiasciwosci materii organicznej wybranych odpadéw
o charakterze nawozowym. Zesz, Prob. Post. Nauk Roln,, 437, 147-152, 1996. (in Polish).

4. Harter RD., Naidu R.: Role of metal-organic complexation in metal sorption by soils. Adv. in
Agronomy, 55, 219-263, 1995.

5. Kononowa M.: Substancje organiczne gleby, ich budowa, wiasciwosei i metody badan. PWRIL,
Warszawa, 1968.

6. Przewodnik metodyczny do badan materii organicznej gleb. PTG, Warszawa, 1990.

7. Reszel R., Baran S, Flis-Bujak M., Reszel H.: The influence of sugar beet washing earth on or-
ganic substance and biological aclivity of the soil and yield of plants. Roczn. Glebozn., 3/4, 109-
117, 1994

8. Reszel R.S., Reszel H., Klikocka H.: Wplyw uzyZniania gleby plowej ziemia z osadnikdw cuk-
rowni na plonowanie rodlin. Cz. 1. Nicktore wlasciwodei i zasobnosc gleby. Ann. UMCS, s. E, 52,
133-138, 1997.

9. Sloan J.J., Basta N.T.; Remediation of acid seils by using alkaline biosolids. J. Environ. Qual.
24, 1097-1103, 1995.

10.Sloan J.J., Dowdy R.H., Dolan M.S,, Linden D.R.: Long-term effects of biosolids applications
on heavy metal bioavailability in agricultural soils. I. Environ. Qual. 26, 966-974, 1997.

11.Trojanowski J.: Przemiany substancji organicznej w glebie. PWRIL, Warszawa, 1973,

12.Turski R.: Substancja organiczna i jej znaczenie w ekosystemach. Zesz. Prob. Post. Nauk Roln,,
437, 375-381, 1996.

13.Vaughan D. Ord B.G.: Soil organic matter - a perspective on its nature, extraction, turnover and
role in soil fertility. Developments in Pant and Soil Sciences, 16, 1-35, 1985,





