Research Article

www.dergipark.org.tr/en/pub/mediterranean

MEDITERRANEAN
AGRICULTURAL SCIENCES
(2023) 36(3): 147-152
DOI: 10.29136/mediterranean.1325684

Evaluation of sewage sludge effects on soil fertility and silage maize growth

Aylin ZAMBAK OZGUR!{®, Sule ORMAN!®, Huseyin OK2®, Ismail Emrah TAVALI!

Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Akdeniz University, Antalya, Tiirkiye
2Department of Plant Production and Technologies, Faculty of Agricultural Sciences and Technologies,
Cyprus International University, 99258 Nicosia, Tiirkiye

Corresponding author: S. Orman, e-mail: suleorman@akdeniz.edu.tr
Author(s) e-mail: aylin__z@hotmail.com, hok@ciu.edu.tr, etavali@akdeniz.edu.tr

ARTICLE INFO

ABSTRACT

Received: July 11, 2023
Received in revised form: September 7, 2023
Accepted: September 8, 2023

Keywords:

Heavy metals
Organic waste
Soil quality

Sustainability

Different methods are being tried all over the world for the safe disposal of sewage sludge. One
of these methods is to evaluate the waste in plant production by applying it to the soil. In this
study, the potential of using stabilized and dried sewage sludge in silage maize cultivation was
investigated. Silage maize was grown by applying the sewage sludge to the soil at different rates
[0tha (SSO-Control), 20 t ha* (SS2), 40 t ha* (5S4), 60 t ha'* (SS6), and 80 t ha* (SS8)]. Thus,
the material's effects on soil fertility and plant growth were examined. According to the results,
the sewage sludge enriched the soil, which contains restrictive factors in terms of fertility and
on which maize growth is carried out, with humus and nutrients. However, it was observed that
the material does not cause salinity problems in the soil. It was determined that sewage sludge
positively affected the growth of silage maize but could not provide sufficient nutrition for the
plant in terms of macronutrients. Considering the economic benefits and environmental risks,
applying the sewage sludge with a maximum of 60 t ha* in silage maize growth is appropriate.
However, it would be incredibly beneficial to support the material with chemical fertilizers to

increase the silage yield and quality of the plant.

1. Introduction

Sewage sludge is an excellent source of nitrogen and
phosphorus, and when applied to the soil, it increases the
content of mineral nutrients and positively affects soil fertility
(Gasco and Lobo 2007). One of the main factors limiting the
use of sewage sludge in plant production is heavy metal content
(Sims and Kline 1991). Although heavy metals are generally
toxic to some extent, they tend to accumulate cumulatively in
the food chain (Zhang and Ke 2004). In addition, the reaction
of the soil (pH) where the sewage sludge is applied is another
limiting factor. As a matter of fact, it was determined that
sewage sludge applied to low pH soils increases heavy metal
adsorption in the soil (Sauvé et al. 1997).

Silage maize (Zea mays L.) is an indispensable input for
animal production, as it provides quality and low cultivation
costs in addition to rations. The maize planting area for silage
produced in Tirkiye is approximately 420 thousand hectares.
Total maize cultivation for silage is 20.1 million tons (Tezel
2018). However, silage maize removes many plant nutrients,
especially nitrogen, from the soil where it is produced. Plant
nutrients removed from the soil by plant cultivation and lost or
turned into an unavailable form because of other factors, must
be returned to the soil (Saglam et al. 1993). Maintaining
productivity and quality in plant cultivation is only possible by
improving the physical, chemical and biological properties of
the soil, in other words, by preserving soil fertility. For this
reason, the use of organic wastes in agricultural production has
become more and more common in recent years. Among
organic wastes, especially stabilized and dried sewage sludge

is an organic material/soil conditioner with strong potential due
to its properties. In this study, the effects of sewage sludge
amendments on soil fertility and silage maize growth were
investigated.

2. Material and Methods

The experiment was carried out at Akdeniz University
Faculty of Agriculture Research and Application Farm. The
stabilized and dried sewage sludge was obtained from the Hurma
Wastewater Treatment Plant in Antalya, Tiirkiye. In this context,
the sewage sludge and test soil properties are given in Table 1. In
the experiment area, soil tillage was carried out first, and the
physical conditions were suitable for vegetative production. 6 m?
(1.5x4) plots were created following the experiment plan. The
sewage sludge was weighed by the application rates [0 t ha*
(SS0)-(Control), 20 t ha't (SS2), 40 t ha (5S4), 60 t ha'* (SS6),
and 80 t ha! (SS8)] and mixed homogeneously with the soil in
the plots. A drip irrigation system was installed on the plots,
ensuring that each plot was irrigated equally during the
experiment.

The sewage sludge applied to the soil was incubated for 3
weeks to begin mineralization with the effect of water and other
factors (temperature, pH, microorganisms etc.). At the end of this
period, the first soil sampling was performed from a 0-30 cm
depth of each plot. Later, the seeds of the silage maize (Burak cv)
were planted in plots (two for each drip). On the 10" day
following the planting date, the observation was made of two
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maize plants per drop in each plot, and the dilution process was
carried out by leaving the homogeneously growing ones in the
plots. The second soil sampling was done when the plant cob
tassels had completed their growth. Silage maize, which
completed its vegetation period, was harvested. At the same time,
third soil samples were taken, and the experiment was concluded.
In addition, chlorophyll measurements of leaves were made in
field conditions ten weeks after sowing. Then, samples were
taken from these leaves and measured, and other plant analyses
were carried out under laboratory conditions. Silage maize plants
that completed their vegetation period were harvested by cutting
them from the root neck. Measurements and analysis were made
for the whole shoots (excluding the cob) and the cob.

The analysis made to determine the characteristics of the
sewage sludge are as follows: organic matter (Kacar 2009), pH
and EC (Jackson 1967), total nitrogen (N) (Kacar and Inal 2008),
total phosphorus (P), potassium (K), calcium (Ca), magnesium
(Mg), sodium (Na), iron (Fe), zinc (Zn), manganese (Mn), copper
(Cu), lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni) (U.S.
EPA 2007). The experiment soils were made ready for analysis
by sifting through a 2 mm sieve after they were dried. The
analysis performed are as follows: Soil texture (Bouyoucos
1955), lime (Caglar 1949), pH and EC (Jackson 1967), soil
organic matter (Black 1965), total N (Kacar 2009), available P
(Olsen and Sommers 1982), exchangeable K, Ca, and Mg (Kacar
20009).

For the height of the first cob in the plant, the vertical distance
between the node to which the cobs are attached and the soil
surface was measured. For the number of cobs, the number of
cobs in the plant selected from each plot was determined in units.
For the cob/plant ratio, the cobs of the plant selected from each
plot were separated from the stem and leaf and weighed, and the
calculation was made in proportion to the weight of the whole
shoot (excluding the cob). The whole shoot (excluding the cob)
and the cob were calculated by weighing them separately for wet
weight. Plant samples were dried at 65°C and weighed for dry
matter yield. The values obtained were calculated as kg ha. The
amount of acid detergent fiber (ADF), neutral detergent fiber
(NDF) and crude cellulose (CC) in the plants were determined
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according to VVan Soest et al. (1991). The value of chlorophyll in
the plant was measured with a chlorophyll meter (Minolta SPAD-
502 plus) under field conditions. Chlorophyll-a and chlorophyll-
b were determined using acetone extraction (Williams 1984).
Total N, P, K, Ca, and Mg concentrations in leaves of plants were
determined according to the wet digestion method (Kacar and
Inal 2008). After determining the N content of the plant samples,
the value obtained was calculated by multiplying the protein
conversion coefficient of 6.25 for maize.

The significance levels of the obtained data were determined
by analysis of variance using the MSTAT-C package program. In
addition, the differences between the MINITAB package
program and the means were determined in the LSD test, and the
5% significance level was taken as a basis for the letters of the
different groups (Minitab 2010).

3. Results and Discussion

3.1. pH, EC, and organic matter

The change in pH values according to the sampling period
was statistically significant (P<0.001). It was determined that the
effect of the sewage sludge on the EC of the soil is significant at
the level of 5% (Table 2). The highest EC value was measured in
soils where SS6 (0.53 dS m™) and SS8 (0.57 dS m™) were
applied. It is reported that the sewage sludge application causes
an increase in the EC of the soil but does not reach salinity levels
(Aldatmaz 2006). The data also supports that the sewage sludge
application does not create any salinity risk. On the other hand,
the change in EC values of the soil was found to be statistically
significant according to the sampling period (P<0.001). Soil EC
values decreased from the first sampling to the third. The sewage
sludge takes longer to break down and mineralize in the soil than
other organic substances due to the high heat it is exposed to
during the drying phase. This process slows the passage of plant
nutrients from the sewage sludge to the soil. Silage maize is a
plant that absorbs high levels of nutrients. The results of the
second and third sampling is thought to be affected by the

Table 1. Selected physico-chemical properties of the sewage sludge, experiment soil, and certificated materials

Certificated Clay loam soil

Certificated Sewage sludge Certificated Plant material

Sewage . material material (Peach Leaves)
Parameter sludge  o°! (RTC CRMO052) (CRM029-50G) (CRM-1547)
Referance range  Value Referance range  Value Referance range Value
pH 6.42 7.06 - - - - - -
ECdSm* 5.44 0.44 - - 5 - - -
CaCO;% - 43 - - - - - -
Texture - Clay loam - N N N N .
Organic Matter % 74 1.39 - - - - B _
N % 4.9 0.13 3.97+0.562 3.42 3.26+0.56 4.58 2.94 3.09
P mg kg 16144 118 168+30.7 102.67 2.11+0.26 151 1371 1184
Tot! Kmgkg? 4484 8226 2390 £76.2 1858.40 35404+290 3604 24330 24120
Camgkg? 61400 53512 2860118 1680.97 51600+£1650 55620 15590 16744
Mg mg kg* 6506 4267 1690+74.8 1593.10 10400+395 10428 4320 4326
Avai.2 P mgkg? - 3.14 - - - - - -
K mg kg* - 250 - R _ _ - -
Exc® Camgkg? - 410 - - - - - -
Mg mg kg* - 210 - - - - - -

Total concentration, 2Available concentration, 3Exchangeable concentration.
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absorption of ions that can accumulate in the soil and cause
salinity by the plant. This result may explain the relatively higher
EC value of the first sampling period. Gogmez (2006) observed
an increase in soil EC with increasing rates of sewage sludge and
found the highest EC value in the highest sewage sludge
application. However, he reported that the increase in soil EC is
far from changing the salinity level of the soil.

The effect of increasing rates of sewage sludge on the organic
matter was found to be statistically significant at the level of 5%
(Table 2). The sewage sludge increased the organic matter
compared to the control. The highest organic matter value was
determined in the soil treated with SS2 (2.77%). The sewage
sludge used in the experiment has higher organic matter content
(74%) than many organic fertilizers or soil conditioners. In
addition, the fact that the experiment soil is poor in humus
(1.39%) explains the increase in the sewage sludge compared to
the control. The change in organic matter values according to the
sampling period was also statistically significant (P<0.001).
Although organic matter values determined in the second and
third sampling periods were similar, it was determined that they
increased compared to the first. One of the most important
benefits of applying sewage sludge in soils where the organic
matter content is low and decomposition is intense, due to the
climate, is the improvement provided in the organic matter. A
multi-year study by Angin (2008) shows that sewage sludge
application supports organic matter for the following two years.

3.2. Total N, available P, and exchangeable K, Ca, Mg

The effect of the sewage sludge on the total N of the soil was
found to be statistically significant at the level of 1% (Table 3).
When the total N content of the soil was evaluated according to
Loue (1968), it was at a reasonable level at the beginning, while
20 t ha! and more sewage sludge made it to an outstanding level
(0.130%<). In addition, in the soil analysis before the experiment

Table 2. Effects of sewage sludge on soil pH, EC, and organic matter

was established, the total N was determined as 0.130%, and the
highest soil N value was determined in SS6 (0.21%) and SS8
(0.20%) of the sewage sludge. In this way, an increase of 61.5%
was achieved in the N content of the soil compared to the
beginning. It was reported that increasing sewage sludge rates
regularly increased the soil's total N content (Navas et al. 1998).
The change in the total N values according to the sampling period
was statistically significant (P<0.001). While the N value of the
soil was in the same statistical group in all application rates at the
first and second sampling periods, it was determined as a
different group and lower in the third sampling. This situation
may have been caused by the increase in nutrient absorption
during the growth of the maize. In addition, the N released by
mineralization may have partially evaporated (due to high pH)
and leached losses.

The effect of the sewage sludge on the available P content of
the soil was found to be statistically significant at the 0.1% level,
and the available P content of the soil increased in all other
application rates compared to the control (Table 3). The available
P of the soil sample taken before the experiment was determined
as 3.14 mg kg*. The highest value was determined in SS6 (12.30
mg kgt), and an increase of 292% was achieved compared to the
control. In addition, when evaluated according to Olsen and
Sommers (1982), the soil available P content, which was in the
low level (5 mg kg™>) with 3.14 mg kg, had increased to the
high level (10<) with 12.30 mg kg. The change in the available
P values of the soil according to the sampling period was
significant (P<0.001). From the first sampling to the third, the
available P value of the soil increased. It is thought that during
the mineralization process of the sewage sludge, the release of P
increases with time and that the P uptake by the maize takes
place. The effect of sewage sludge application on the P content
of the soil was evaluated among the most critical agricultural
benefits of the material (Schowanek et al. 2004).

Application pH EC (dS m?) Organic matter (%)
SSO 7.36 0.33¢? 2.24d
SS2 7.35 0.41b 2.77a
SS4 7.33 0.46b 2.45¢c
SS6 7.27 0.53a 2.65b
SS8 7.23 0.57a 2.66b
ANOVA
Sewage Sludge (SS) NS® x4 *
Sampling period (SP) lalalad halald w3

Values are the means of three different soil sampling period, 2Means in the same column followed by the same letter are not significantly different at the 5% level according

to LSD test, ®*** P<0.001, ** P<0.05, 5NS: Not significant.

Table 3. Effects of sewage sludge on macronutrients of soil

Total Exchangeable Available

Application N P K Ca Mg K Ca Mg P

% mg kg* mg kg mg kg™ mg kg* mg kg mg kg! mg kg* mg kg*
SS0 0.13c? 115d 7724b 84102a 4540a 230ab 4500 230c 2.52d
SS2 0.17b 138c 8226a 87489 4380b 270a 4800 260b 8.89c
SS4 0.18b 157b 7821b 63952c 4360b 200b 4500 280a 10.38b
SS6 0.21a 161a 8577a 60571c 4359h 230ab 4600 290a 12.30a
SS8 0.20a 156b 6847c 80141b 4213c 190c 4600 260b 10.04b

ANOVA

Sewage Sludge (SS) Fxd *khk Fkk *khk *hk *hk NSG F*kk F*AK3
Sampllng pE'I'IOd (SP) KKk *kk KKk *kk *kk *k*k *5 *kk *k*k

Values are the means of three different soil sampling period, 2 Means in the same column followed by the same letter are not significantly different at the 5% level according

to LSD test, 3*** P<0.001, “** P<0.01, ®* P<0.05, ® NS: Not significant.
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It was determined that the effect of the sewage sludge on the
exchangeable K content of the soil is statistically significant at
the level of 0.1% (Table 3). Considering the differences between
application rates, the highest exchangeable K value SS2
(0.027% - 270 mg kg1) was determined in the applied soil. When
evaluated according to Pizer (1967), it was determined that the
exchangeable K content of the control soil was 0.024% (230
mg kg™), and it was at a reasonable level (199-249 mg kg1). The
change of K values of the soil according to the sampling period
was found to be significant (P<0.001). Since the maize seed was
planted at the end of the incubation period of the material in the
soil, the second and third samplings are within the plant's
growing period. Considering that the plant meets the K
requirement in this process, the soil's K content is expected to
decrease gradually. There was a 26.08% decrease in
exchangeable K values from 270 mg kg to 190 mg kg*. It was
reported that the sewage sludges are poor in K compared to the
significant amount of N and P they contain (Angin and
Yaganoglu 2009).

The sewage sludge on the exchangeable Ca content of the soil
were statistically insignificant (Table 3). On the other hand, the
change in Ca values in terms of sampling periods was significant
(P<0.05). The effect of the sewage sludge on the exchangeable
Mg content of the soil was found to be statistically significant at
the 0.1% level (Table 3). Considering the Mg values between the
application rates, the highest value was determined in the soils
where SS4 (0.028%) and SS6 (0.029%) were applied. When
evaluated according to Loue (1968), the exchangeable Mg
content of the control soil is 0.023% (230 mg kg), and it is at a
reasonable level (114 mg kg<). Similarly, it was determined
that the sewage sludge brought the exchangeable Mg content of
the soil to a reasonable level and provided increases ranging from
13.04% to 26.08%. The change in the Mg values of the soil was
also found significant in terms of sampling period (P<0.001). The
values decreased by 0.027% (272 mg kg!) in the first sampling,
0.026% (261 mg kg™) in the second, and 0.025% (252 mg kg
in the third. Considering that the plant meets the Mg requirement
in this process, it is usual to decrease the exchangeable Mg
content of the soil. The content of exchangeable Mg has
decreased by 7.56% from 272 mg kg to 252 mg kgt

3.3. Plant Growth and Yield

The analysis results of the sewage sludge regarding the first
cob height, number of cobs, cob/plant ratio, wet weight, dry
weight, and dry matter yield of silage maize are given in Table 4.
The effect of the sewage sludge on the first cob height was found
to be statistically significant at the level of 0.1%. As the applied
sewage sludge rates increased, the height of the first cob
increased. The highest value was obtained in SS8 with 153.2 cm.
The effect of sewage sludge on the number of cobs was found to
be statistically significant at 5%. In the SS6 application, the
highest number of cobs occurred, with an average of 8. It was
determined that the effect of sewage sludge on the cob/plant ratio
was statistically 0.1%. While the highest cob/plant ratio is under
control, these values decrease as the application rates increase.
The effects of the sewage sludge on the plant's wet and dry weight
values were found to be statistically significant at a 0.1% level.
According to this, the wet weight in the whole shoots was
determined as 3808 g in SS8.

When the wet and dry weights of the cob samples were
examined, the values were higher in the control and SS2, while

the wet and dry weights of the cob samples decreased as the
application rates increased. The effect of the sewage sludge on
the dry matter yield of whole shoots and cob samples was found
to be statistically significant at the level of 0.1%. It was
determined that the sewage sludge applied at increasing rates
increased the dry matter yield in the whole shoots and decreased
the dry matter yield in the cob samples. The highest dry matter
yield was detected in SS8 with 19000 kg ha* in the whole shoot
samples. In the cob samples, the highest yield was observed in
SS2 with 3900 kg ha!. Hallauer and Miranda (1987) reported
that the morphological characteristics of maize, plant height and
first cob height mainly depend on genetic factors. In addition,
factors such as the amount of light, intensity, and plant nutrients
are influential on the first cob height and plant height. In rotations
sensitive to maize, if the net assimilation rate of the plant slows
down due to light and nutrients, the cob stalk is negatively
affected by this situation (Uyanik 1984).

3.4. ADF, NDF, CC and Chlorophyll (a, b, SPAD value)

The effect of sewage sludge on ADF, NDF and CC values in
whole shoots samples was found to be statistically insignificant
(Table 5). The ADF values of the cob samples were found to be
statistically significant at the 0.1% level. It was determined that
the highest ADF value was 32.0% in SS6. The effect of the
sewage sludge on the NDF values of the cob samples was found
to be statistically significant at a 5% level. It is seen that the
highest NDF value is 60.6% in SS6. The effect of the sewage
sludge on the amount of CC of the cob samples was found to be
statistically insignificant. Khan et al. (2015) reported that NDF
and ADF contents of maize silages decreased as they progressed
from early maturity to 2/3 milk maturity period but did not
change from 2/3 milk to full maturity. It is reported that the water-
soluble dry matter, NDF, ADF, and crude protein contents of the
corn plant decreased while the dry matter and starch contents of
the corn plant increased as the vegetation period progressed
(Dwyer et al. 1998).

The effect of sewage sludge on chlorophyll-a, chlorophyll-b,
and SPAD value of silage maize was statistically significant at
the level of 0.1% (Table 5). Accordingly, in SS6 and SS8, the
chlorophyll content of the plant doubled compared to the control
and other application rates. It is known that there is an important
relationship between the N, which is a critical element in the
chlorophyll molecule, and the chlorophyll content. The
chlorophyll content of plants with good N nutrition is also
expected to be relatively high (Tarkan 2008). The obtained
chlorophyll results show that the N nutritional status of the plants
in the SS6 and SS8 applied plots is better than the others. It is
thought that even at these high rates, it will not cause stress in the
plant because it is known that the chlorophyll content of plants
decreases due to increasing stress conditions (Manios and
Stentiford 2003).

3.5. Mineral nutrition status of plant

The effect of sewage sludge on both the total N concentration
and protein amount of leaf samples was found to be statistically
significant at a 0.1% level (Table 6). The protein and N content
of the plant similarly increased due to sewage sludge. SS8
(2.22%) and SS6 (2.19%) had the highest total N values. The
effect of the sewage sludge on P concentrations was found to be
statistically significant at 0.1% level. It was determined that as
the application rates increased, the P concentration also
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Table 4. Effects of sewage sludge on growth and yield of silage maize

Wet weight Dry weight Dry matter yield
Application F'i rst cob Number of Cob/RIant (9) (9) (kg ha™)
height (cm) cob ratio Whole Cob Whole Cob Whole Cob
shoots shoots shoots
SSO 110.50¢* 5b 0.30a 2270e 682b 1078e 353b 10780c 3500b
SS2 132.05b 6b 0.22b 3373d 718a 1625d 392a 16000b 3900a
SS4 138.75ab 6b 0.13c 3474c 486d 1628c 277c 16000b 2770c
SS6 146.80ab 8a 0.14c 3651b 500c 1666b 244d 16000b 2430d
SS8 153.20a 7ab 0.13c 3808a 482e 1906a 241e 19000a 2410e
ANOVA (LSD 5%)
*h*2 *3 Fokk Fkk Fkk *hk Fkk *kk *kk

Sewage sludge
(SS)

1 Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2 *** P<0.001, °* P<0.05.

Table 5. Effects of sewage sludge on acid detergent fiber (ADF), neutral detergent fiber (NDF), crude cellulose (CC), and chlorophyll of silage maize

Application ADF NDF cc Chlorophyl
(%) (%) (%) a (mg kg™ b (mg kg?) SPAD value
SS0 21.8¢! 50.7b 18.6 6.630b 2.888b 30.025¢
SS2 22.7hc 47.2b 19.8 5.801b 2.701b 38.095b
SS4 25.9b 53.7ab 22.2 6.990b 3.128b 42.495b
SS6 32.0a 60.6a 22.8 12.322a 4.550a 47.795a
SS8 25.7hc 47.5b 19.4 10.496a 4.414a 47.880a
ANOVA (LSD 5%)
Sewage sludge HkK2 *3 Ns4 Hkk Fkk *kk

(SS)

! Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2#%%x P<0,001, 3* P<0.05,

4NS: Not significant.

Table 6. Effects of sewage sludge on concentration of nutrient elements of silage maize

o . Total (%)
Application Protein (%) N P K Ca Mg
SSO 9.40d* 1.51c 0.17c 1.67b 0.71c 0.13c
SS2 11.85¢ 1.90b 0.19bc 1.92a 0.97ab 0.16bc
SS4 12.57bc 2.02b 0.20b 2.00a 0.98ab 0.20ab
SS6 13.06ab 2.19 0.24a 1.92a 0.92b 0.21ab
SS8 13.89a 2.22a 0.26a 1.97a 1.02a 0.24a
ANOVA (LSD 5%)
Sewage sludge (SS) ool lalalad *xR2 *x3 ool **

1 Means in the same column followed by the same letter are not significantly different at the 5% level according to Duncan’s multiple range test, 2 *** P<0.001, °** P<0.01.

increased. The highest P values (0.26%) were determined in SS8
and (0.24%) SS6. The effects of the sewage sludge on K
concentrations were found to be statistically significant at the
level of 1%. The sewage sludge increased the K concentration of
the leaves compared to the control, but all application doses were
in the same group.

The effect of sewage sludge on Ca concentrations in leaf
samples was found to be statistically significant at 0.1%. The
highest Ca was determined with the value of 1.02% in SS8. The
effects of the sewage sludge on Mg concentrations in leaf
samples were found to be statistically significant at 1%. The Mg
value, which was 0.13% in the control, increased as the
application rates increased, and the highest concentration of
0.24% was determined in SS8. According to Yilmaz (2004), the
normal limits for macronutrients in silage maize plants according
to leaf analysis are as follows: N 3.50-5.0%, P 0.35-0.60%, K
3.0-4.50%, Ca 0.30-1.0%, Mg 0.25-0.50%. Accordingly, sewage
sludge could not nourish the plant sufficiently regarding the
nutrients (excluding Ca) examined. It is known that a plant with
high vegetative and generative yield potential, such as silage
maize, exploits high amounts of nutrients from the soil in a short

time. Therefore, it is thought that the sewage sludge should be
supplemented with chemical fertilizers.

4. Conclusion

As well as maintaining the fertility of the soil, it is imperative
that the yield and quality of the plant grown on it is high. For this
reason, the fertilizing materials (organic or chemical) must be in
a suitable composition for both the soil and the plant. For this
purpose, the effects of sewage sludge on soil fertility and plant
growth in silage maize, a forage crop, were investigated.
According to the results, all application rates of sewage sludge
increased the soil fertility where maize was grown. While this
material enriches the soil with humus and plant nutrients, it was
determined that it does not cause salinity risk. However, it was
determined that sewage sludge positively affected the growth of
silage maize but could not provide sufficient nutrition for the
plant in terms of macronutrients. As a result, considering the
economic benefits and environmental risks, it is appropriate to
apply sewage sludge as a soil conditioner at a maximum of 60 t
hat in silage maize cultivation. However, applying the sewage
sludge and chemical fertilizers would significantly benefit the
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plant's silage yield and quality. In this way, soil fertility would be
preserved, and there will be no decrease in plant yield and quality
using sewage sludge. It is thought that it would be beneficial to
continue extensive studies using this material to increase the
reliability of the results obtained from existing scientific studies
and eliminate the uncertainties regarding the use of sewage
sludge in plant cultivation.
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