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INTRODUCTION

One of the basic problems of agricultural use of the soil is the maintenance of
indispensable level of organic matter. Supplying the soil with essential macroele-
ments is not a problem. The problem is the restoration of humus, which is more
difficult but necessary if we consider its role in shaping physical, chemical and
biological properties of the agricultural soil [My$kow 1984].

One of the natural sources of organic substances is the sediment that comes
from the wash of sugar beets in the sugar industry. It contains mainly soil particles
and remnants of vegetation. By introducing the sugar beet washing earth into the
agricultural cycle of production, the mineral and organic components are returned
to the soil. Another benefit of the method is a rational disposal of waste material.
Because this sediment is abundant in nutrient components and large quantity of
small soil particles with basic pH, it can be successfully used to enrich the soil as
well as to recultivate degraded formations [BiefAkiewicz 1973; Brandyk 1978;
Reszel, Klikocka 1992].
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MATERIALS AND METHODS

The study of the use of sugar beet washing earth to fertilize and recultivate soil
was conducted in 1989-1991, using pots of 12 dm3, and according to the split plot
model. The experiment used the following:

(1) brown soil from horizon A], which had the usual granulometric composition
of silt, pHKQ 4.7, containing 0.88% organic C;

(2) loose sand from horizon C, of podzol on limestone, pH"Q 7.9, with trace
quantity of organic carbon, i.e. 0.03%.

The soil were enriched once with different rates of sugar beet washing sediment
- called later on sediment (pH”Q 8.0, containing 2.20% organic C and 30%
CaCO03). Granulometric composition was: 4% of sand (1.0-0.1 mm fraction), 37%
of dust (0.1-0.02 mm fraction) and 59% of silt (particles smaller than 0.02 mm).
The rates of sediment added to the both the brown soil and loose sand were 10%,
25% and 50% of the studied samples.

The following controls were used: brown soil and loose sand without fertilizer,
and brown soil and sand fertilized with manure supplied in the first year of the
experiment at the level corresponding to 40 1per ha. The experiment was conduc-
ted in three replications, in parallel rows, both with and without mineral fertilizer.
Mineral fertilizer was each year to variants with NPK appropriately for a currently
cultivated crops. The order of crops used in separate years was: maize, buckwheat
and spring wheat. The total yield of each crop was used to index the agricultural
suitability of enriched soils. Samples of soil were taken at the beggining of the
experiment and at the end.

The following factors were measured: granulometric composition (using the
areometric method), pH in 1M KC1, contents of organic C (using Tiurin method),
and composition of organic compounds (using the Loginow et al. method [1987],
which was partly changed by taking into consideration two not easily oxidizable
fractions and describing them as "potentially oxidizable™). The microbiological
analysis estimated the numbers of the selected groups of microorganisms by
counting colonies in the agar medium. Quantity of CO: generated by the soil
samples and absorbed by NaOH solution (determined by Maciak method), and
dehydrogenase activity expressed in pg of formed formazon per 100 g soil per
hour (determined by Thamann method), were used to evaluate the metabolic
activity of soils.

Statistical results of the study were obtained using our own program as well as
Statgraphics 5.1, and graphically by utilizing Quattro Pro 3.0.

RESULTS AND DISCUSSION

Introduction of sugar beet washing earth (sediment) enriched the soils by
increasing the share of silty fractions. Their quantity at the maximum addition of
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sediment increased near twice in brown soil and 10 times in loose sand (Fig. 1).
This is understandable if we take into account the granulometric composition of
the sediment, as it was already described, among others, by Bienkiewicz [1973]
and Brandyk [1978]. Because the sediment contains a significant amount of
carbonates, its addition changed radically and permanently the pHKCLfrom acidic
(pH 4.6 in control combinations and with farmyard manure fertilized combina-
tions) to alkaline (pH 7.5 in all other remaining combinations).

Content of organic carbon in brown soil and loose sand was significantly
increased by all rates of sediment (Fig. 2).

Introduction of manure to the brown soil brought about an effect similar to that
which was observed at the smallest sediment dose. However, the effect was
short-lived. In the loose sand, the addition of manure did not change the carbon
contents. Introducing the sediment to loose sand promoted the acceleration of
mineralization processes of organic matter and consequently decreased the con-
tents of organic carbon after three years in the 10% and 25% sediment addition
combinations. The humus in 50% sediment addition in soil was also lowered with
respect to other combinations in soil (Fig. 2). We may assume that the reason for
this was, on the one hand stabilizing influence of silt minerals, which formed
organo-mineral complexes, and on the other hand, the activity of carbonates which
stimulated humus decomposition [Liwski, Maciak 1973].

Organic matter in the soil which was enriched by sediment had higher level of
fraction resistant to biological oxidation (75-79% of total C amount) than was
found in the sand (65-67% of total C). After several years of cultivation, partici-
pation of that fraction in brown soil diminished, and in sand grew only at the
highest rate of sediment. Mineral fertilization did not modify the contents of the

Brown soil Sand loose

Fig. 1 Changes in the granulometric composition of the soils
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Fig. 2. Changes in the organic C contents of the brown soil and loose sand

easily oxidizable carbon fraction. This further promoted increased participation of
potentially oxidized carbon fraction and lowered carbon content of fraction not
biologically oxidizable. This phenomenon occurred particulary clearly in pots with
loose sand (Table 1).

Addition of the sediment to soils studied in the experiment caused initially an
increase in oligo- and macrotrophic bacteria. The most abundant appeared in loose
sand with a 10% sediment addition, and brown soil - with a 25% sediment rate.
The surge of macrotrophic bacteria in soil, although difficult to explain, was
connected with the increase of biological activity measured by the amount of
dehydrogenase. Further increases of the sediment in both types of soil, however,
caused a reduction in the number of microorganisms. Three year plant cultivation
which left small remainder of roots led to gradual decrease of fresh organic
material. As a consequence of this, numbers of both groups of bacteria were
lowered in the loose sand. At the same time it remained constant in brown soil
(Fig. 3).

With the addition of sediment, respiration activity, expressed in liberated C02,
was increased. The progress ofthat course was most intensive in combination with
the biggest addition of the sediment and had the strongest correlation to the
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TABLE 1 The effects of sugar beet washing earth (sediment) on the quality of organic matter

Variants

Brown
soil

+
manure

farmyard

+10%
sed.

+ 25%
sed.

+ 50%
sed.

Mean

Loose
sand

+
manure
farmyard
+10%
sed.

+ 25%
sed.

+50%
sed.

Mean

Variant

of mineral easiest to oxidize (1)

fertilizationi

NPK

NPK

NPK

NPK

NPK

NPK

NPK

NPK

NPK

NPK

NPK

NPK

Carbon fraction [% of total organic carbon]
potentially oxidized (I1)

1989

7.29

6.96

8.26

7.50

8.44

7.69

trace

trace

8.48

8.22

7.60

1991
8.51

9.22
9.23

8.65
10.31

12.72
9.59

10.14
7.75

10.46
9.08

10.24
30.77

24.69
18.94

29.76
12.82

12.50
10.42

7.98
8.61

7.56

16.31
16.50

1989

18.13

17.68

16.60

15.55

12.66

16.12

trace

trace

24.84

26.22

27.07

1901
11.65

21.55
21.55

17.95
17.05

11.40
16.22

27.40
11.63

14.36
15.62

18.53
23.58

37.04
18.94

49.60
27.24

29.16
27.46

27.48
18.57

25.12

23.16
33.68

not biolojg. oxidizable (I11)

1989

74.58

75.36

75.14

76.95

78.90

76.19

trace

trace

66.68

65.56

65.33

1991
79.84

69.22
69.22

73.40
72.64

75.88
74.19

62.46
80.62

75.18
75.30

71.23
45.65

38.27
62.64

20.64
59.94

58.34
62.12

64.54
72.82

67.32

60.53
49.82

contents of oxidizable carbon fractions. One should add that the biological activity
ofthe brown soil and the sand loose increased many times in the three years (Tables

2,4).

Enzyme activity of the soil, as it is generally known, is a considerably better
indicator of fertility and productivity of the soil than numbers of microorganisms
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oligotr.1989 -w = oligotr.1991 macrotr.1989 ........ macrotr.1991

Fig. 3. Amount of heterotrophic microorganisms in soils

TABLE 2. Effect of sugar beet washing earth (sediment) on microbiological activity of the brown
soil and sand loose

Variants Respiration activity Dehydrogenase activity

[mg CO2/100 g soil per 24 h] [jig formazane/1 g soil per 1h]

loose sand brown soil loose sand brown soil

1989 1991 x 1989 1991 «x 1989 1991 x 1989 1991 X
Control 08 341 175 69 375 222 001 058 029 003 122 062
+ Manure 07 544 276 49 321 185 001 059 030 001 144 0.73
farmyard

+10%sed. 79 591 335 179 548 364 001 110 055 0.07 15 081
+25%sed. 185 652 418 240 539 389 002 18 092 005 511 058
+50%sed. 325 625 475 247 559 403 001 216 108 028 299 163

X 121 551 336 157 468 312 001 125 063 009 246 127
LSD (p=0.05)

Between variants 4.6

Between years 2.7 10

Interaction variants x years 6.5
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TABLE 3. Effect of sugar beet washing earth (sediment) on total yield of plants [g of d.m. per

pot]
Variants Variant Yield
of mineral loose sand brown soil X
fertilization
0 18 70 44
Control NPK 78 158 118
X 48 114 81
0 33 117 75
+ Manure farmyard NPK 97 161 129
X 65 139 102
0 71 162 116
+ 10% sediment NPK 123 184 154
X 97 173 135
0 106 180 143
+ 25% of sediment  NPK 138 194 166
X 122 187 154
0 173 204 188
+50% of sediment  NPK 193 252 222
X 183 228 205
0 80 147 113
Mean NPK 126 189 158
X 103 168 135

LSD (p=0.05) Between:
Variants=19; Fertilization =11; Soils= 11; Interaction: Variants x soils = 27

or the intensity of respiration. This was confirmed by our experiments. Dehydro-
genase activity differentiated little in the first year of the experiment, grew in the
three year period of plant cultivation in soils with sediment addition. This indicates
that the intensification of the reaction of synthesis and decomposition of organic
compound occur under the influence of sediment.

The positive correlation of dehydrogenase activity with the carbon content was
described earlier [Glinski, Stepniewska, Kasiak 1983]. Our investigation shows
that there exists a very strong connection between enzymatic activity and the
amount of two carbon fractions: the easiest to oxidize (I) and not oxidizable
biologically (111) (Table 4).

Addition of sediment decidedly improved the quality of soils studied in the
experiment. The best results, measured by summing above ground crop yield, were
obtained each time from the largest rate of sediment in soil additionally fertilized
by minerals (Table 3). Itis important to add thateven 10% rate of sediment equated
the effect of NPK addition. Yield was very closely correlated with initial level of
organic compounds, the strongest, however, with the amount of easiest oxidizable
fraction (1). Similarly, Myskow [1984] demonstrated positive correlation between
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TABLE 4. Rank correlation coefficients between variables analyzed and total yield

Item Organie matter Index of microbiological activity
Cc carbon fraction macro-  oligo- dehydro- respiration
total | ] 1l trophic ~ trophic  genase activity
Carbon
| +0.997

1l +0.906  +0.891
1l +0.960 +0.952  +0.818

Macro.

Oligo. - . . +0.818

Dehyd. +0.756  +0.778 - +0.802 - -

Respir.  +0.790 +0.801 +0.842 +0.634 +0.624 - .

Yield +0.985 +0.988 +0.915  +0.939 - . +0.766 +0.842

Significant coefficients with the error risk 5%.

contents of humus, biological activity of the soil (numbers of bacteria and acti-
nomycetes, dehydrogenase activity) and plant yield. Not confirmed yet in the
experiment is the connection between the crop yield with quantity of oligo- and
macrotrophic bacteria, though there is very positive correlation with hydrogenase
activity and with the amount of liberated C02 (Table 4).

CONCLUSIONS

The results of the investigation on the agricultural use of alkaline (pH"Q 8.0)
sugar beet washing earth containing 59% of silt and clay fraction and 2.2% of
organic carbon, allows the following conclusions:

1. The use of sediment to fertilize and recultivate soil is an ecologically
beneficial step because makes it possible to eliminate or decrease the use of
mineral fertilizers, while simultaneously increasing plant yield.

2. By introducing sediment to the arable layer of soil as well as to the soilless
formations (horizons C) it is possible to expect an increase of organic matter
content in the soil and an intensification of their microbiological activity.
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Streszczenie

W latach 1989-1991 przeprowadzo badania wazonowe, w ktérych glebe brunatng i piasek luzny
wzhbogacono jednorazowo zréznicowanymi dawkami ziemi sptawiakowej (10, 25 i 50% masy
gleby) oraz obornikiem. Doswiadczenie realizowano w dwoch wariantach: bez nawozéw i z
nawozami mineralnymi, stosowanymi w dawkach odpowiednich do aktualnie uprawianej roliny,
jakimi byty kolejno: kukurydza, gryka i pszenica jara.

Stwierdzono korzystny wptyw ziemi splawiakowej na zawarto$¢ substancji organicznej w bada-
nych materiatach glebowych oraz na aktywno$¢ mikrobiologiczna, aw nastepstwie na plony roslin.
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