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INFLUENCE OF STABILIZED SEWAGE SLUDGE ON THE
YIELD OF POTATO (SOLANUM TUBEROSUM)

Abstract

The author has examined the application of different doses of stabilized-hydrated
sewage sludge in two potato varieties in field conditions. Next to an unfertilized
plot, he followed the growth, development and yield of varieties Agria and Aladin
on soil treated with an amount of 50 t/ha and 30 t/ha of sludge from wastewater
treatment plant in Subotica. He found that the highest yield was achieved at the
variety Aladin (44.5 t/ha), when applying 30 t/ha of sludge. Agria produced 29.65
t/ha of tubers with the same amount of fertilizer. In both varieties the yields were
higher on plots fertilized with 50 t/ha than on unfertilized soil. It was found that, in
contrast to fertilizing with manure from 50 t/ha, half the amount of stabilized sludge
produced similar, if not higher yields. In the future it will be possible to substitute
or supplement manure with stabilized sludge under controlled conditions.
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YTHULHAJ CTABUJIN30BAHOI OTHAJHOI' MYJbA HA
IMPUHOC KPOMIIUPA (SOLANUM TUBEROSUM)

Ancrpakr

Aymop je ucnumueao npumeny paznunumux 003a cmaouIu308aH02-0exuoPamucanoe
OMNAaodHo2 My/ba KOO 08¢ Copme Kpomnupa y nowsckum yenosuma. Ilopeo napyene 6e3
hybperva npamuo je pacm, pazeumax u npuHoc copme Azpua u Anadun na napyenama
mpemupane ca konuwurnom 00 50 m/xa u 30 m/xa myma ca Cybomuukoe npeuucmaia
omnaoHux 600a.Ycmanosuo je da ce uajeehu npunoc (44,5 m/xa) ocmeapyje koo
copme Anaoun npu npumenu 30 m/xa myma. Aepua je poouna 29,65 m/xa kpmona
npu ucmom Konuuunom hyoperoa. Koo obe copme je 6uo eéehu npurnoc na napyenama
hyopene ca 50 m/xa neeo na nelhyopenuma.Yemanosmeno je oa, nacynpom hyopersy
cmajraxom 00 50-60m/xa, ynona marea KOIUYUHA CMADUIUZ0EAHO2 MY/bd NPOOYK)je
cudHe npunoce, ako He u eehe.Y 6yoyhe noo konmponucanum yciosuma mozyha he
oumu 3amena uiu 0onyHa cmajckoe hyopuea ca cmaduniu308aHuM My/bem.

Kuwyune peuu: kxpovnup, hyoperse, cmabunuzo8anu mysb, NPUHOC, NPUX00
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Introduction

In 2008 the European Community adopted directive 2008/98/EC, which regulates
the disposal, recycling and distruction of industrial, municipal and hazardous waste.
Based on this act, experts recommend an integrated and hierarchical scheme from
minimization of waste until its final destruction (EC No. 2008/98 / EEC, Official Gazette
of RS, 135/2004, 36/2009, 72/2009).

In developing countries, disposal and treatment of industrial and municipal
wastewater are a large problem. In major cities in the Republic of Serbia, modern
wastewater treatment plants are either already working or are under construction, but
no municipality has a solution for unstable pressed sludge. The situation is the same
in Subotica. The construction of a new treatment plant began in 2010. The recipient
of purified water is Lake Pali¢, and solid waste is transported to the city dump. The
dehydrated sludge is stored between the plant and the lake. The final deposition, further
processing and use of sludge has not been resolved yet (Czekus, 2014b, p. 408; Jovicic,
2015).

The wastewater treatment plant in Subotica started working with new technology
for purification of municipal and industrial wastewater in 2012. Due to this technology,
the recipient (Lake Pali¢) now receives five to ten times less organic matter than before.
Because the industry of the city is poorly developed, wastewater does not contain
significant concentrations of heavy metals and impurities harmful to health. However,
the resulting stabilized - pressed sludge from wastewater contains about 4.54% total
nitrogen, 2.05% total phosphorus (4.69% P,0,), 0.715% potassium (0.858% K,0), 64.3%
of organic compounds, and it is usable in crop production under controlled conditions
(Czekus, 2014b, p. 408).

In 2013 the author conducted experiments with corn hybrid NS 640 in order to
determine the potential of wastewater in Subotica - expressed in yield and profits. The
first experimental plot was fertilized with pressed sludge from the treatment plant in
Subotica, the second one with the same amount of cattle manure, whereas the control
plot remained unfertilized. His assumption was that the nutritional value of sludge is at
least as high as that of the best organic fertilizer used so far. The results confirmed his
expectations. The yield of the plot treated with sludge was by 25% greater than the yield
of the plot fertilized with manure in combination with artificial fertilizer (Czekus, 2014a,
p. 81).

As a continuation of this project, he researched into the optimal amount of
stabilized sludge in crop production and certain vegetable crops that shall be subject
to heat treatment. As a result of his experiments with corn, he found that 50 t/ha of
stabilized sludge provides a higher yield than the same amount of manure (Czekus, 2014,
p- 329). The aim of this paper is to present the results of potato yield obtained from
experimental plots fertilized with different amounts of stabilized sludge. The assumption
was that even a smaller amount of this substance can generate as much yield as such as
on plots fertilized with 50 t/ha of stabilized sludge.
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Stabilized-dehydrated sludge

Sludge separated from wastewater is digested in digesters at 33-37 °C, with
a retention time of at least 20 days. During this time, 80-85% of biogas is released.
Anaerobic digestion reduces odors and the number of bacteria in the sludge, making
it stabilized sludge that is relatively innocuous, harmless and has no odor. Stabilized
sludge is drained into a special silo, from where it is sent to the filter press to separate
the water. This sludge contains about 5-6% of dry matter. What comes out of the press is
dehydrated, so-called pressed mud.

Sludge, as a by-product of wastewater, can be treated as a product and sold on the
specialized market. Economical exploatation of sludge is an important aspect because
by its placement wastewater companies not only get rid of material that occupies a large
space, but also produce a revenue that reduces the operating costs of the company itself.
It is also useful for the population, because its nutrients improve soil fertility in the long
run, as opposed to artificial fertilizers, which provide high and stable yields of cultivated
plants in the course of a year, but have a negative impact on soil fertility in the long run.
In the short term they provide spectacular yields in the cultivation of plants, but after a
while their harmful and devastating effects come to the fore (Cvijanovi¢, 2013, p. 157,
Cvijanovi¢, 2016, p.132).

The best and final solution for the use of sludge would be a kind of processing,
such as composting and briquetting. Sludge prepared this way could easily be stored and
used for improving the qualities of light sandy soils of Subotica-Horgos sands.

In 1986, the European Union adopted directive 86/278/EEC, which regulates the
treatment of sludge and its application in agriculture. The primary aim of this law is to
preserve the health of people and animals, as well as to protect the environment.

Direct use of sludge is allowed only in exceptional cases, otherwise it must be
processed in some way. The seventh point of the Directive prohibits its use:

- on pastures, if grazing is planned within three weeks after dispersal,

- in orchards and vegetable gardens during the growing season,

- in vegetable cultivation, with plants whose fruit is used directly, without processing,
ie. cooking.

In cases other than these, sludge can be used in plant production. Each member
of the community regulates the use of dehydrated sludge in particular. The first factor
in the issuance of permits for the application depends on the composition of the sludge.
The main emphasis is placed on the concentration of heavy metals in the sludge. The
geographical area where it would be applied, the crops that would be grown and the
plants that inhabit the given area are also of importance.

The law obliges institutions applying sludge to examine its composition at least
every six months. If the parameters of wastewater significantly change, the analysis
should be carried out every three months. When carrying out the required analisys, the
amount of dry matter, organic compounds, nitrogen, phosphorus, heavy metals and ph
are to be examined (EC No. 2008/98/EEC).
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Potato (Solanum tuberosum)

In Serbia, the implementation of this type of organic fertilizer has not clearly been
defined yet. Potato fertilization significantly affects the yield. The nutrition demand of
potatoes is much greater than that of most cultivated plants. On average, a yield of 10t
requires 48 kg nitrogen, 15 kg phosphorus and 85 kg of potassium (Lazi¢, 1998, p. 252).

In our country potatoes are grown on about about 110 thousand hectares. Its share
of total arable land is 3.2%. On the available land, the potato is the third most important
food crop after corn and wheat. 870 thousand tons of potatoes, that is 80 kg per capita
are produced each year. Within vegetable production in our country potatoes are the clear
leader, with a share of 41% (Vlahovi¢, 2003, p. 115).

It is an important and very widespread food product. More than 150 kinds of
potatoes, which are used for the preparation of 700 various dishes, are produced world-
wide for human consumption. In addition to being used in human nutrition, a certain
amount of potatoes are used for the purposes of chemical, food and pharmaceutical
industries, and as highly valuable forage. It is also used for the production of starch,
alcohol, glucose, dextrin, rubber, glue and the like.

Therefore potatoes are used either as raw material for industry, or as human food
that must be subject to heat treatment. For this reason, the experiment was carried out
with potatoes.

Material and Methods

The experiment was carried out in Subotica on the author’s own land, on black
sand. It was not irrigated. The main meteorological parameters (Table 1) were obtained
from the automatic weather station in the center of Subotica, located approximately 4
km from the experimental field. For this experiment, he used a Nexus instrument and the
Weather Display software (www.sumeteo.info).

Month/parameter March April May | June July | August
precipitation (mm) 32,8 17,2 95,3 12,9 45,5 50,2
deviation from the long-term average -3,2 21,4 -13,6 -36,2 -17,9 +5,8
average monthly temperature (°C) 7,4 11,9 17,3 20,9 24,3 23,7
deviation from the long-term average +0,2 -1,0 +0,5 -0,1 +0,9 +1,0

Table 1: Meteorological parameters for Subotica 2015

From Table 1 we can see that in spring and summer months in Subotica the
precipitation was lower than the monthly average in previous years. The deficit for these
six months was 92.3 mm. According to the statistics of the Republic Hydrometeorological
Service of Serbia, the average amount of annual precipitation for this region is about 600
mm (www.hidmet.gov.rs). The monthly temperature averages ranged around the average
of the past decades, although in summer 2015 there were 38 days when the average daily
temperature was above 25 °C.

The experimental plot was divided into three equal parts. The first third was the
control plot, that is, a plot without fertilization. The second part was treated with 3 kg/
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m? (30 t/ha) of stabilized sludge, and the third one with 5 kg/m?, or 50 t/ha (Figure 1).
The experiment was carried out with potato varieties “Agria” and “Aladdin”, category
C2, the first reproduction, calibration 35-55 mm, produced in Serbia. The seed was not
treated. The fifth reproduction of “Desiree” was also planted, but the results related to
this variety are not the subject of this paper.

Figure 1. Various amounts of stabilized sludge

The preculture was peas (year 2014). The autumn tillage was conducted in October
2014 with a land milling machine, to a depth of about 25 cm. After the spring frosts, the
experimental field was divided into three equal parts (control plot, fertilization with 3
kg/m? and 5 kg/m?). The composition of the pressed sludge was the following: 4.54% of
total nitrogen, total phosphorus 2.05% (4.69% P,0,), 0.715% potassium (K,O 0.858%),
64.3% of organic compounds. After sowing preparations (milling-blending at a depth of
15 cm) were carried out, the tubers were planted at a depth of 10-12 cm on March 21.
The distance between tubers within the row was 22-25 c¢m, and the distance between
rows was 50 cm. For each type of fertilization and in both cultivars there were three
repetitions. The distance between the individual varieties and plots was

I m.

Care and protection of crops was conducted in accordance with the requirements
(Tosev, 2002, p. 105). During the growing season, interrow processing was performed
twice, and treatment against potato blight (caused by Phytophthora infestans) and
the Colorado potato beetle (Leptinotarsa decemlineata) three times. Spray mixtures
“Mospilan 20 SG” and “Antracol WP-70" were used for crop protection, 2.5 g/10 lit and
15-20 g/10lit respectively.

The harvest was carried out on the 171% day of vegetation, on 8 September. Tubers
from each plot were collected in special paper bags, and then classified and measured
(Figure 2).
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Figure 2. Part of the yield from the experimental field

Tubers were classified into three categories:

- Class I - physiologically ripe, normally developed and uniform in shape, size
and colour. They are healthy, without sprouts, wrinkled or damaged crust. The
tolerance of impurities and tubers infected by potato mold is up to 1%.

- Class II - tubers have to be healthy and suitable for human consumption. 2%
of impurities (soil or sprouts) are tolerated, and up to 10% of tuber weight of
potatoes with imperfections that meet the minimum quality requirements. The
amount of tubers with cracks, cuts, and bruises can be up to 5%. The size of tubers
must be at least such, that it is suitable for manual or automated peeling.

- small — useless, with a diameter less than 30 mm, unripe, infected, cut apart or
containing bite marks (Vlahovi¢, 2003, p. 119).

After calibrating, each category was measured and recorded.

Research results

According to the latest data of the Republic Institute for Statistics of the Republic
of Serbia, in 2014 the average yield of potatoes in Vojvodina was 17.00 t/ha (www.
webrzs.stat.gov.rs). Two climatic factors, water and temperature are of crutial importance
for the successful cultivation of potatoes and achieving high yields. When irrigated,
tuber yield can reach up to 80 t/ha (Broci¢, 2015), and in our calculations we took 30 t/
ha as expected yield (Pordevi¢, 2014).

In the municipality of Subotica, climatic conditions during the growing season
were almost ideal for potato production. There was more than 260 mm of rainfall while
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the potatoes were in the soil (Table 1). When we add the winter precipitation, we get
close to 300 mm, and optimal precipitation for the successful production of medium-late
and late varieties is about 460 mm (Broci¢, 2015). The crucial point for this vegetation
period was the temporal distribution of precipitation. It was far more favourable than in
previous years, and thus compensated for the lack of spring moisture.

The total yield on the experimental plots in each type of treatment and in both
varieties was far above the average in Vojvodina. The average yield of the three
replications is given in Table 2.

Sort | Agria | Aladin
Control

Average 23,30 32,80
Index level 100,00 100,00
30 t/ha

Average 34,30 49,65
Index level 147,21 151,37
60 t/ha

Average 31,00 34,30
Index level 133,05 104,57

Table 2: Average tuber yield (t / ha)

The data in Table 2 clearly shows that the highest yield was achieved in the plots
fertilized with 30 t/ha of stabilized sludge. “Aladdin” has proven to be a higher-yielding
variety. In treatment with

30 t/ha of stabilized sludge, it yielded 51% more than the unfertilized plots, while
this figure in the variety ‘Agria’ was 47%. Considering the data obtained from the plot
fertilized with a double dose of sludge (50 t/ha), we can see that the performance-fertility
rate was reversed: “Agria” yielded a third more, and “Aladdin” only 5% more.

The market of food products always requires high-quality goods. By removing
small, damaged and diseased tubers from the total yield, we get a product that is suitable
for placing on the market, ie. for human use. First-class and second-class tubers fall into
this category (Vlahovié, 2003, p. 110). The average yield of repetitions of edible potatoes
(class I and class II) is given in Table 3.

Sort | Agria | Aladin
Control

Average 19,50 31,00
Index level 100,00 100,00
Income 3510 5580

30 t/ha

Average 29,65 44,50
Index level 152,05 143,55
Income 5337 8010

60 t/ha

Average 26,65 29,65

Index level 136,67 95,65
Income 4797 5337

Table 3: Average yield of edible tubers (t/ha) and the realized income (€) of the same
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At the time of potato harvest, the price of potatoes in Serbia ranged between 20-
25 RSD (0.18 €). The yield failed because of the drought, and the price of potatoes
imported from the Czech Republic, Germany and Poland was about 30 cents, exclusive
of transport costs. An increase in the price of this vegetable is yet to be expected (Www.
proberza.co.rs, Www.pss-subotica.rs).

Calculating with only 18 euro cents per kilogram, the difference in the revenue in
the plots fertilized with 30 t/ha and 50t/ha is 540 € in the case of the cultivar “Agria”, and
2673 € in the case of cultivar “Aladdin” (Table 3). Stabilized sludge from the wastewater
treatment plant in Subotica is not commercially available yet. It is used exclusively for
experimental purposes, and to cover the city landfill.

As far as first and second class yield are concerned, their amount is by 5-16%
less than the total yield, ie. the share unusable tubers is about 10% (Table 4). Expressed
in percents, the control variety ‘Agria’ had the most waste (16.3%), while on the plot
“Aladdin”, fertilized with 30 t/ha of dehydrated sludge, more than 5 tons of potatoes
were unusable. Nevertheless, of the six parcels, this one produced the highest yield of
consumable potatoes (44.5 t/ha).

Agria Aladin
> usable not to be used > usable. not to be used
0 t/ha 23,30 19,50 3,80 (16,3%) 32,80 31,00 1,80 (5,5%)
30 t/ha 34,30 29,65 4,65 (13,6%) 49,65 44,50 5,15 (10,4%)
60 t/ha 31,00 26,65 4,35 (14,0%) 34,30 29,65 4,65 (13,6%)

Table 4: Share of consumption and unusable potatoes (t/ha)

The data in Table 4 show that, when fertilizing with dehydrated sludge from 30
t/ha, variety “Aladin” produced 66% more than the variety ‘Agria’. When it comes to
fertilizing with a double dose of the above-mentioned sludge, the yield is lower, and the
share of useless tubers is larger, up to 3% (Chart 1).

Agria Aladin

60
50
40
tha 30
20
10

Otfha 30t/ha 60t/ha Ot/ha 30t/ha 60t/ha

1.Hasa W2klasa

Chart 1: Total yield of two potato varieties with different doses of fertilization
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Conclusion

After grading the tubers, we came to the conclusion that in all three types of
fertilization the variety “Aladin” gave higher yield under this year’s weather- and agro-
technical conditions in Subotica. The highest yield of total and edible potato was on
plots treated with 30 t/ha of dehydrated sludge. A slightly lower yield was obtained on
the plots fertilized with double the amount of sludge and the lowest yield was obtained
on the unfertilized plots.

The assumption was that a smaller amount (30 t/ha) of dehydrated sludge will
generate similar yield as 50 t’/ha of manure (or sludge), the amount used in modern
vegetable production. The aim of the experiment was to find out if dispersing 50 t/ha
of organic fertilizer of this type is economically viable, and whether a smaller amount
would be enough as well. The hypothesis was confirmed, the goal was accomplished.
Further experiments will specify the exact amount of sludge that gives the highest yield
of first- and second class tubers.

In 2013, 1,600 containers (5m?each) of dehydrated sludge were pressed out at the
wastewater treatment plant in Subotica. The net weight of sludge per container ranged
from 2.5 to 3 tons. This amounts to about 4,500 tons of dehydrated sludge on an annual
basis (Czekus, 2014c, p. 30). Calculating with 30 t/ha of sludge, this amount could
be used to treat 150 hectares of potato crops. Today, due to more modern purification
technology and larger wastewater quantities, 50% more dehydrated sludge is produced
at the wastewater treatment plant in Subotica.

In Vojvodina, as well as in the whole region in this part of Europe, the number of
livestock and livestock farms is decreasing rapidly, which means that the amount of first
class organic fertilizer ie. manure decreases. After composting and maturing, this sludge
would be a very good fertilizer for vegetable farming, horticulture and for improving soil
fertility - obviously with a continuous monitoring of its composition.
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