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ABSTRACT  

The aim of this study is to investigate the existing changes for corn 

yield with the changes on the soil properties after the applications of 

increased sewage sludge (SS 0 %, 2.5 %, 5 %, 7.5 %, 10 %). While 

statistically significant decreases were determined in the pH and 

lime contents of the experimental soil, there were also statistically 

significant increases for the contents of organic matter and salt of 

the soil by the effects of applied sewage sludge at the increased doses. 

The applications statistically increased corn fresh and dry root 

weights, fresh and dry shoot weights, plant height and diameter 

compared to the control in the all treatments. It can be concluded 

that that sewage sludge is not appropriate to use in the agricultural 

soils in the present form because of very high salt amounts presence 

in the sewage sludge although there were some positive effects on 

the plant and soil properties to some great extent with no determined 

heavy metal toxicity by the application of that sewage sludge into 

soil at different rates taken freshly from the biological sewage sludge 

foundation of district İskenderun of province Hatay. 
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Kentsel Arıtma Çamuru Uygulamalarının Mısır Bitkisinin (Zea mays L.) Gelişimi ve Bazı Toprak 

Özellikleri Üzerine Etkisi 
 

ÖZET 

Bu çalışmanın amacı, artan arıtma çamuru (% 0, % 2.5, % 5, % 7.5, 

% 10) uygulamaları sonrası mısır bitkisinin verim ve deneme 

toprağının bazı özellikleri üzerindeki değişimler ile mısır bitkisinin, 

kök ve kök üstü kısımları ile bitki boyu ve çapında meydana gelen 

değişimleri incelemektir.Artan dozda uygulanan arıtma çamurunun 

etkisiyle deneme toprağının pH ve kireç içeriklerinde istatistiki 

açıdan önemli azalmalar belirlenirken, toprağın tuz, organik madde 

içeriklerinde ise istatistiki açıdan önemli artışlar meydana 

gelmiştir. Uygulamalar mısır bitkisinin kök yaş ve kuru ile kök üstü 

yaş ve kuru verimleri, bitki boyu ve bitki çapını tanığa göre tüm 

uygulamalarda istatistiki açıdan önemli olarak arttırmıştır. Sonuç 

olarak, Hatay ili İskenderun ilçesi Biyolojik arıtma tesisinden taze 

alınan arıtma çamurunun farklı oranlarda toprağa uygulaması ile 

her ne kadar bazı bitki ve toprak özelliklerine olumlu etkilerinin 

bulunmasına rağmen bu arıtma çamurunda bulunan çok yüksek tuz 

miktarları nedeniyle, bu haliyle tarım topraklarında 

kullanılmasının uygun olmadığı söylenebilir. 
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INTRODUCTION 

Urban sewage purification systems and municipal 

waste water treatment plants hold a place as a 

reciprocal response for sewage sludge come out. 

Various methods such as storing, burning, discharging 

to the sea and using in agricultural land are applied 

for the disposal of these sewage sludge. However, most 

of these methods are temporary solutions, and when 

uncontrolled conditions return to the soil, mainly by 

the dynamics of the environmental conditions, the 

consequent risks take place for food chain resulting 

from the contamination of soil, groundwater and 
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plants. Recently, it has become more and more 

important to apply the sludges into agricultural land 

and to evaluate the soil as a source of organic matter 

and plant nutrients (Çimrin et al. 2000; Demir and 

Çimrin, 2011; Yalçın et al. 2011). When these wastes 

are involved into the soil in appropriate quantities and 

proportions under controlled conditions, there will be 

alternative or having sustaining effect for the 

commercial fertilizers resulting from the content 

differences (Çimrin et al. 2000; Angın and Yağanoğlu 

2009; Yalçın ve ark., 2011). 

The application of sewage sludge can improve the 

physical and chemical properties of the soil and 

increase its efficiency but the salt and heavy metal 

content of the treated sewage sludge may affect the soil 

and environment health negatively. Thus, different 

properties of the sludge originated from the different 

materials can alter the effects on the treated soil and 

the yield and their usage possibilities. The treated 

sludges must be analyzed and their contents 

determined before applying into the soil, and for this 

reason, it is necessary to determine the most 

appropriate, if necessary, doses by testing different 

treated sludges in different soil. 

The aim of this study is to determine the effects on the 

plant corn grown on the agricultural soil by the 

application of freshly treated sewage sludge obtained 

from the biological municipal wastewater treatment 

plant of the district İskenderun of province Hatay. 

MATERIALS and METHODS 

The soil used in the study is placed district of Reyhanlı 

in province of Hatay called as Gazimürsel hill surface 

soil. The sewage sludge used in the study was brought 

to the laboratory on the same day after putting into 

plastic bag freshly from the production facility of 

Iskenderun Municipality biological domestic 

wastewater treatment plant. Soil and sludge brought 

to the laboratory were first used after air drying under 

shade. In the study, Pioneer 1570 summer hybrid seed 

of plant corn (Zea mays L.) with 99 % germination rate 

was used as plant material. 

According to Jackson (1958) the textures were 

prepared for the analysis and determined according to 

Bouyoucous (1951), in soil and sludge the reaction was 

1: 2.5 in soil / water suspension Jackson (1958), total 

salt 1: 2.5 soil / water suspension in Richards ( 1954) 

with the electric conductivity meter lime with 

Scheibler calcimeters (Hızalan and Ünal, 1966), 

organic matter modified Walkley Black method 

(Walkley and Black, 1934), total nitrogen Bremner 

(1965), available phosphorus by sodium bicarbonate 

method (Olsen et al., 1954), the coloring was 

determined in blue and the sludge samples and colored 

with Barton yellow color method (Kacar, 1984). 

Exchangeable potassium in soil and sewage sludge by 

shaking of 1 N ammonium acetate (Thomas 1982) and 

the extracts were determined by microwave plasm  

(MPAES) atomic emission spectrophotometer (Table 

1). 

 

Table 1. Some physical and chemical properties of soil and sludge used in the experiment 

Çizelge 1. Denemede kullanılan arıtma çamuru ve toprağın bazı fiziksel ve kimyasal özellikleri  

Soil properties (Toprak özellikleri)  Sewage sludge properties (Arıtma çamuru özellikleri) 

Clay, Kil (%) 62.04    

Silt, Silt  (%) 25.00    

Sand, Kum (%) 12.96    

Texture, Tekstür Killi    

pH (1:2.5 water) 7.76  pH (1:2.5 su) 6.91 

Salt, Tuz  (µs/cm) 967.5  Salt, Tuz (µs/cm) 21060 

Lime, Kireç (%) 13.19  Lime, Kireç (%) 9.71 

Organic mat.,Organik mad.(%) 1.71  Organic mat.Organik mad (%) 33.8 

N, Azot (%) 0.13  N, Azot (%) 4.07 

Available P, Alınabilir P (mg/kg) 12.74  Available P, Alınabilir P (mg/kg) 868.51 

Exchangeable K, Değişebilir K (mg/kg) 584.0  Total K, Toplam K (mg/kg) 34800 
 

According to the analytcal data, the trial soil is clayey 

structure, slightly alkaline reaction, unsalted, highly 

calcareous, organic matter content in the middle, 

nitrogen and phosphorus content is sufficient, 

potassium content is high. The pH of the treatment 

sludge used in the study is slightly acidic, extremely 

highly salty, high in organic matter content, nitrogen 

and phosphorus contents are found high with very high 

potassium content. 

The experiment was carried out as four replicates, 

according to the trial design of random plots, in a total 

of 20 pots at five different sludge doses, as a pot 

experiment at Mustafa Kemal University greenhouses. 

On the basis of the weight principle, fresh sewage 

sludge was removed from the biological domestic 

wastewater treatment plant in Iskenderun 

Municipality and air-dried, at doses of 0%, 2.5%, 5%, 

7.5% and 10%. Accordingly, the trial subjects used in 

this study were generated as follows. 

1- SS0 :(% 100 Soil) (Control) 

2- SS2.5 :(% 97.5 Soil + % 2.5 Sewage Sludge) 

3- SS5 :(% 95 Soil + % 5 Sewage Sludge) 
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4- SS7.5 :(% 92.5 Soil + % 7.5 Sewage Sludge) 

5- SS10 :(% 90 Soil + % 10 Sewage Sludge) 

After adding air-dried sewage sludges to the 

experimental soil, it was allowed to incubate for 

approximately 50 days by irrigating with pure water. 

After the incubation period of eight seeds were sown in 

the pots and irrigated with distilled water. On the 3rd 

day of sowing, the first germination was observed and 

germination was completed on the 8th day and four 

plants were left in the each pot. Basic dressings was 

applied to each pot in the form of 100 mg kg-1 N, 40 mg 

kg-1 P and 40 mg kg-1 K in 18+18+18 fertilizers. During 

the experiement, the plants were irrigated with pure 

water and the experiment was terminated on the forty-

eighth day after seed sowing. The data obtained from 

the study was subjected to analysis of variance using 

the SPSS-22 statistical package program, significant 

effects on the average present application are grouped 

according to Duncan's multiple range test. 
 

RESULTS and DISCUSSION 

Effects of sewage sludge on some physical and 

chemical properties of soil after the harvest 

The effects of soil (pH) on the pH, salt, lime and organic 

matter content of the treated sewage sludge applied to 

experimental soils with the subsequent statistical 

evaluations are given in Table 2. As can be seen from 

the analysis of the table, the effects of soil sewage 

sludge treatments on pH, total salt, lime and organic 

matter contents were found to be significant (P <0.01). 

While the soil's average pH and lime content showed a 

linear gradual decrease by the effect of the treatment 

sewage sludge applied to the soil in the gradually 

increasing doses, a linear gradual increase was 

observed in the mean salt and organic matter contents 

of the soil. The highest value measured in average pH 

values with the application of increased sewage sludge 

was found in the control application (SS0) in which the 

treatment sludge was not applied with 7.81, followed 

by an SS5 dose of 7.80 to SS2.5 and 7.74, and these three 

applications were included in the same Duncan group. 

The applications of SS7.5 and SS10 were taken into 

different Duncan groups by taking pH values of 7.63 

and 7.25, respectively (Table 2). Different results were 

found in the studies conducted in different places 

related to the subject. For example, Bozkurt et al. 

(2001) reported that the effect of increasing sludge 

doses on soil pH was not significant as a nitrogen 

source in winter barley. Snyman et al. (1998) reported 

that the effects of treatment sludge on the pH of soil 

are significant. This could be explained by the 

difference in the physical and chemical properties of 

the different sewage sludge and treated soil. 

With increasing amounts of soil treatment sludge 

applications, a linear increase has occurred in the 

average salt content of the soil. The salt content of SS0, 

SS2.5, SS5 and SS7.5 applications to soil were 

determined as 596.00, 655.25, 721.38 and 924.13 

µS/cm respectively and all of them were in the same 

Duncan group. However, the salt content of the soil 

applied by sewage sludge at the highest rate was SS10 

2555.00 μs / cm, and was determined as a different 

group from all others where the salt level reached to 

the highest average value in the Duncan test (Table 2). 

Significant decreases in the lime content of the soil 

were determined by increasing Sewage sludge 

applications in soil. The highest content of lime 

without sewage sludge treatment was determined as 

12.86 % by SS0 treatment being in the same Duncan 

group with in 12.62 % by SS2.5 treatment followed by 

12.54% by SS5, 11.96% by SS7.5 and 11.22% by SS10 

ones as percentage values in the order of linearly 

decreasing direction. However the reverse was the case 

for the organic matter contents starting with 1.78% as 

the lowest value up to the highest value of 2.92% in the 

order of gradually increasing direction by the 

treatments in the same order (Table 2). That is 

consistent with findings of many researchers of soil 

organic matter increase by sewage sludge treatment 

(Mantovi et al., 2005; Demir & Çimrin, 2011). On the 

other hand, sewage sludge applications resulted in 

similar trends in many studies in terms of increasing 

the salt and organic matter content of the soil but 

reducing the content of pH and lime (Unal and Katkat, 

2003; Angin and Yaganoglu, 2009; Çiçek et al. 2013). 
 

Application of Corn Yield and Plant Height and 

Diameter Effects: 

Increasing sewage sludge treatment to the soils 

affected significantly fresh root and shoot and, dry 

shoot weight at P <0.001, while on the root dry weights 

at P <0.01 level was statistically significant. 

When the effect of sewage sludge on fresh root and 

shoot weights was examined, it was observed that all 

applications increased the yield gradually according to 

the witness but there were statistically insignificant 

decrements in the increases in question starting by 

SS7.5 treatment for fresh root weight but the 

statistically significant decrease for dry root weight by 

SS10 treatment. Nevertheless, statistically significant 

yield decrease for fresh and dry shoot weights were 

determined by the SS10 treatment but statistically 

insignificant decrease started by SS5 treatment for dry 

shoot weight (Table 3). That indicates the changing 

toxicity effect starting point of treatments independent 

from each other to decrease yield. 

Fresh root weights of corn plants obtained from 

witness application (SS0) with the lowest yield value of 

6.98 g increased statistically significantly with 

increasing doses by SS2.5 as the value of 9.42 g and by 

SS5 as the value of 11.30 g but insignificant decreases 

were determined in the increases in question at the 

following doses by SS7.5 treatment as the value of 10.90 

g and SS10 treatment as the value of 9.42 g. (Table 3).  
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Table 2. Mean values of soil, pH, salt, lime and organic matter contents of sewage sludge applications and Fcan 

with Duncan groups showing the difference between standard errors and averages 

Çizelge 2. Arıtma çamuru uygulamalarının toprağın pH, tuz, kireç ve organik madde içeriklerine ait ortalama 
değerleri ile standart hataları ve ortalamalar arasındaki farkı gösteren Duncan grupları ile önem 
düzeyleri 

Treatment,  

Uygulamalar 

pH Salt, Tuz 

(µS/cm) 

 Lime, Kireç  

(%) 

Organic matter,  

Organik mad. (%) 

Sewage Sludge (Arıtma çamuru (SS, %))     

SS0 7.81±0.01 a 596.00±  53.18 b  12.86±0.29 a 1.78±0.06 c 

SS2.5 7.80±0.02 a 655.25±106.14 b  12.62±0.14 a 2.32±0.06 b 

SS5 7.74±0.03 a 721.38±  33.78 b  12.54±0.08 ab 2.43±0.07 b 

SS7.5 7.63±0.06 b 924.13±  68.88 b  11.96±0.16 b 2.90±0.05 a 

SS10 7.25±0.03 c 2555.00±265.82 a  11.22±0.22 c 2.92±0.08 a 

F values 45.05*** 37.82***  11.46*** 50.08*** 

a, b, c: the difference between the values shown in the same letter (P> 0.05) 

*** With the F values were significant at the level of 0.1% 
 

Table 3. Treatment of sludge treatment corn plant root and shoot fresh and dry weight of the average values with 

standard errors and Duncan group and F values indicating the difference between the averages. 

Çizelge 3. Arıtma çamuru uygulamalarının mısır bitkisinin kök ve sürgün taze ve kuru, ağırlıklarına ait 

ortalama değerleri ile standart hataları ve ortalamalar arasındaki farkı gösteren Duncan grupları ile 

önem düzeyleri 

Treatment, 

Sewage sludge, 

Arıtma çamuru 

Fresh root 

Weight, Taze 

kök ağırlığı 

    Dry root 

Weight, Kuru 

kök ağırlığı 

 Fresh shoot 

Weight, Taze sürgün 

ağırlığı 

Dry shoot 

Weigh, Kuru sürgün 

ağırlığı 

(SS) (g/plant) (g/plant)  (g/plant) (g/plant) 

SS0 6.98±0.56 b 0.87±0.07 c  19.55±1.34 c 2.89±0.22 c 

SS2.5 9.42±0.43 a 1.09±0.04 a  41.18±0.96 ab 4.86±0.12 a 

SS5 11.30±0.77 a 1.22±0.04 a  42.12±3.58 ab 4.64±0.35 a 

SS7.5 10.90±0.78 a 1.06±0.09 ab  45.46±2.05 a 4.60±0.28 a 

SS10 9.42±0.28 a 0.88±0.02 bc  38.02±1.46 b 3.80±0.14 b 

F Values 7.96*** 6.10**  23.93*** 11.54*** 

a, b, c: the difference between the values shown in the same letter (P> 0.05) 

The F values indicated by ** and *** are significant at 1% and 0.1%, respectively. 

 

When the Duncan test was carried out, the SS0 

treatment of fresh root weights were in a group while 

all others were in a different group of Duncan (Table 

3). Corn plant root dry weight of 0.87 g was minimum 

for treatment of SS0. However, SS2.5 and SS5 

treatments increased the dry root weights but SS7.5 

and SS10 treatments resulted in the decrements in the 

yield increases obtained. Duncan analysis showed that 

the root dry weight were also create a situation similar 

to the fresh root weight (Table 3). When the effects of 

sewage sludge on various plants are examined in 

different studies, similar results have been reported in 

many studies. For example, Çimrin et al. (2000), Triple 

Super Phosphate and sewage sludge combinations as a 

source of phosphorus to a soil application resulted in 

the significant increase for plant dry weight compared 

to the control application. It was reported by Önal et 

al. (2003) in the study called as the effect of urban 

sludge applied to soil in tomato plants that plant 

growth, improvement of fruit properties and fruit 

mineral content, dry matter weight and yield values 

increased by increasing amount of applied sludge 

doses. On the other hand, in some studies, the effects 

of treatment sludge on root age and dry weight were 

significant, while in others it was insignificant. For 

example, Bozkurt et al. (2000) applied a increasing 

dose of sludge and a single dose of humic acid to the 

maize plant grown in calcareous soil. They reported 

that the root dry weight of corn plant increased with 

increased sludge applications. Turkmen et al. (2001) in 

their study on the effect of urban sewage sludge on 

cucumber output and seedling development, reported 

that applications have a positive effect on root age and 

root dry weights. Demir and Çimrin (2011) by sludge 

and humic acid application on development of corn 

development of corn reported that nutrient and heavy 

metal contents with some soil of sludge applied at 

increasing doses resulted significant increase in fresh 

and dry root weight. Akat et al. (2017), the effect of 

sludge treatment on root growth weight, plant growth, 

flowering and quality in cut rose cultivation were not 

found to be statistically significant, while the effect on 

root dry weight was found to be statistically 

significant. 
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When the effect of the treatment of sewage sludge on 

fresh shoot weights is evaluated, it can be seen that 

according to the witness, all applications increase the 

weight of fresh shoots but the fresh shoot weights 

decrease after the application of 7.5% Sewage sludge 

treatment (Table 3). While the corn plant is obtained 

from the control application (SS0) with the lowest fresh 

shoot weight value of 19.55 g, fresh shoot weights 

increased by increasing doses linearly by SS2.5 

treatment as the yield value of 41.18 g by the SS5 

treatment as the yield value of 42.12 g and by SS7.5 

treatment as the yield value of 45.46 g by the 

increasing doses but decreased as the yield value of 

38.02 g at the last increased dose of SS10 treatment. In 

the Duncan analysis, the witness (SS0), who had no 

treatment of Sewage sludge was in a separate group 

while the others were in a different group of Duncan. 

When the dry weight of the shoots in Table 3 is 

evaluated, all applications according to the control 

(witness) have increased the dry weight of the shoots, 

similar to the fresh shoot weights. However, as 

different from the fresh shoot weights, it is seen that 

root dry weights decrease after application of 2.5% 

sewage sludge (Table 3). In the Duncan analysis, a 

total of three groups were formed, the witness (SS0) 

and the highest treatment sludge applications (SS10) 

were formed in two different groups while all other 

applications (SS2.5, SS5 and SS7.5) were included in the 

same Duncan group. While the dry shoots of corn 

plants were obtained from the witness application 

(SS0) as the lowest value of 2.89 g, the doses lead to 

increase to the value of 4.86 g at the dose of SS2.5  that 

after that increase  the declines in the increase took 

place for the other treatments  and after that increased 

compared to the other doses (SS5, 4.64 g; SS7.5,  4.60 g 

and SS10, 3.80 g) (Table 3). Similar results have been 

reported by many researchers studying with different 

plant and sewage sludge (Bozkurt et al 2000; Çimrin 

et al 2000; Demir ve Çimrin 2011; Akat et al 2015; 

Akat et al 2017).  

On the other hand, it is seen that sewage sludge 

applications develop the upper ground component 

rather than underground part of the plant. This can be 

attributed to the advantage of adding some nutrients 

to the soil by the treatment sludge, by adding salt and 

heavy metals to the soil, which in turn leads to the 

comparable loss yield in the underground part. As a 

matter of fact, Çimrin et al. (2000), despite the increase 

in the concentration of available phosphorus in the soil 

by treatment Sewage sludge applications, the plant's 

phosphorus need was not provided with sewage sludge 

reported. In summary, the study showed that while the 

sludge and TSP combinations and 80 mg / kg sludge 

applications significantly increased the phosphorus 

content of the corn plant according to the witness but 

the content decreased as the amount of treatment 

sludge increased. 

Variance analysis results of the effects of increasing 

sewage sludge applications on plant height and plant 

diameter of maize plant are given in Table 4.  

 

Table 4. Treatment of sewage sludge on corn plant height and diameter values of the mean values with standard 

errors and Duncan group and F values indicating the difference between means 

Çizelge 4. Arıtma çamuru uygulamalarının mısır bitkisi bitki boy ve çap ortalama değelerinin standart hataları 
ve ortalamalar arasındaki farkı gösteren Duncan grupları ile önem düzeyleri 

Treatment (Uygulamalar)  Plant height (Bitki boyu (cm)  Plant diameter (Bitki çapı (mm) 

Sewage sludge SS (%) (Arıtma Çamuru) 

SS0    93.65±2.99 c  5.79±0.18 b 

SS2.5  110.78±1.18 a  8.16±0.12 a 

SS5  107.62±3.79 ab  8.74±0.40 a 

SS7.5  108.75±1.70 a  8.73±0.26 a 

SS10  100.50±1.44 bc  8.66±0.09 a 

F Values  8.44***  28.14*** 

a, b, c: the difference between the values shown in the same letter (P> 0.05) 

*** With the F values were significant at the level of 0.1% 
 

The effect of treatment sewage sludge doses on the 

plant height and plant diameter of the corn plant was 

statistically significant at 0.1%. According to the plant 

height in Table 4, it is seen that all applications 

increase the plant height according to the witness 

(SS0), but the highest plant height was obtained by 

2.5% sewage sludge treatment as seen in the same 

Duncan groub. Corn plant height was obtained from 

control application (SS0) with a minimum value of 

93.65 cm and increased to 110.78 cm at SS2.5 dose. In 

all other doses, slight decreases in the increase in 

question were obtained compared to the control 

treatment (SS5, 107.62 cm; SS7.5, 108.75 cm ve SS10, 

100.50 cm). The corn plant was obtained from control 

application (SS0) with the lowest plant diameter of 5.79 

mm, while the diameter of the plant increased (SS2.5, 

8.16 mm; SS5, 8.74 mm; SS7.5, 8.73 mm; SS10, 8.66 mm) 

with increasing doses compared to the control 

treatment. Similarly, Turkmen et al. (2001) reported 

the effects of urban sewage sludge with the positive 

effect on growth and seedling development in a study 

on the shoot and root size with. Demir and Çimrin 
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(2011) reported in a study about the development of 

corn plant by application of sludge and humic acid on 

nutrient and heavy metal contents and some soil 

properties that increasing the amount of applied 

sewage sludge increases the plant height significantly. 

Akat et al. (2015) studied on Limonium sinuatum 

compindi white flower variety as plant material on 

growth, yield and quality of by the treatment of sewage 

sludge including the length and thickness of flower 

stalks and it was reported that there were significant 

effects on control. 

As a result, in the study conducted with fresh sludge 

from the domestic biological treatment plant in the 

district İskenderun of province Hatay, although the 

treatment sludge applications have positive effects on 

some plant properties, there were reverse effects such 

as   increased salinity with decreased the pH and lime 

content in the soil indicate that it is not appropriate to 

use this treatment sludge directly in agricultural soils.. 
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