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OZET

Bu calisma, kadife cicegi (7agetes erecta L.), Yer minesi (Verbena
hybrida) siis bitkilerinin Biyokonsantrasyon faktori (BCF), bitki
besin elementi ve agir metal konsantrasyonlari ile hasattan sonra her
saksidan alinan topraktaki agir metal konsantrasyonunu tizerine
aritma ¢amurunun etkilerini belirlemek amaciyla yapilmistir. Saksi
denemesi tesadif bloklari deneme desenine gore 3 tekrarli olarak
yiiriitiilmiistiir. Aritma ¢amuru/toprak karisimlar (w/w) asagidaki
sekilde karistirilmistir: %0 aritma camuru+%100 toprak (kontrol), %3
aritma camuru+%97 toprak (%3 SS), %6 aritma ¢amuru+94 toprak
(%6 SS) ve %9 aritma camuru +%91 toprak (%9 SS). BAC degerlerine
gore Marigold Zn, Cd elementleri ve Garden minegigegi ise Zn
elementi icin hiperakimilator bitki olabilir. Kadife ¢icegi ve Yer
minesinin N, P, K, Mg ve Ca makro bitki besin elementleri en yliksek
degerleri sirasiyla %9 SS ve %6 SS uygulamalarindan almigtir. Kadife
cicegi, en biiyiik Na (784 mg kg!) %9 SS, Fe (2236 mg kg') %9 SS, Cu
(7. 4 mg kg'!) %9 SS, Zn (136 mg kg')) %6 SS, Mn (142 mg kg!) %6 SS
ve B (42 mg kgl) kontrol uygulamalarindan elde edilmistir. Yer
minesi bitkisinde, en biiyiik Na (696 mg kg1) %6 SS uygulamasindan,
Fe (1700 mg kg'l) %6 SS, Cu (12 mg kg1) %6 SS, Zn (115 mg kg'!) %6
SS, Mn (100 mg kgl) %3 SS ve B (47 mg kgl kontrol
uygulamalarindan saptanmistir. Agir metaller (Ni, Cd, Cr, Pb, As ve
Hg) bakimindan kadife c¢icegi ve bahce minecicegi bitkilerinde
toksisite etkilerine rastlanmamigtir. Toprak agir metal (Ni, Cd, Pb,
As ve Hg) seviyeleri limit degerlerin altinda belirlenmistir.

ABSTRACT

This study was carried out to determine the effects of sewage sludge
(SS) treatments on bioconcentration factor (BCF), plant nutrients,
heavy metal marigold (Zagetes erecta L.), garden verbena (Verbena
hybrida) ornamental plants and soil taken from the pot after harvest
is to determine heavy metal concentration. Pot experiments conducted
randomized blocks design with 3 replications. Sewage sludge/soil
mixtures (w/w) was arranged: 0% SS+%100 soil (control), 3% SS+ 97%
soil (3 % SS), 6% SS+94 % soil (6% SS) and 9% SS +91% soil (9% SS).
According to BAC values Marigold can be for Zn, Cd and Garden
verbena can be hyperaccumulator plant for Zn element. Marigold and
garden verbena, the greatest N, P, K, Mg, and Ca plant nutrients were
respectively obtained from 9% SS and 6% SS treatments. Marigold,
the greatest Na concentration (784 mg kg'!) was obtained from 9% SS,
Fe (2236 mg kg!) 9% SS, Cu (7.4 mg kg1) 9% SS, Zn (136 mg kg'!) 6%
SS, Mn (142 mg kg!) 6% SS and B (42 mg kg!) control treatments.
Garden verbena, the greatest Na concentration (696 mg kg'l), was
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obtained at 6% SS, Fe (1700 mg kg'!) 6% SS, Cu (12 mg kg') 6% SS,
Zn (115 mg kg1) 6% SS, Mn (100 mg kg') 3% SS and B (47 mg kg
control treatments. Heavy metals (Ni, Cd, Cr, Pb, As and Hg) toxicity
impacts were not encountered on marigold and garden verbena plants.
Soil heavy metal (Ni, Cd, Pb, As and Hg) levels were below the

threshold values.
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INTRODUCTION

Together with the global increase in population, food
demands are also increasing. To meet such increasing
needs, agricultural production should be increased.
The world population is expected to rise by 9.3 billion
by the year 2050. Thus food demand is expected to
increase by about 60% within the next 30 years (Lee,
2011). Urbanization and industrialization increase
sewage sludge generation of these processes. Just
because of human and environmental health concerns,
proper methods should be used in the disposal of
sewage sludge. Sewage sludge (SS) is an inevitable by-
product of wastewater treatment and a severe
pollution source if not disposed of properly (Song et al.,
2014). There are three primary methods used in the
disposal of sewage sludge: soil application, storage and
incineration. In some cases, agricultural use as a
fertilizer is seen as the best option for disposal of
sewage sludge (Sanchez et al., 2004). Increasing
morganic fertilizer costs and a large quantity of SS
generations worldwide have led researchers to
investigate the potential use of the land application as
an alternative disposal method for sewage sludge
(Petersen et al., 2003). In recent years, it has been
observed that treatment sludge began to be used as a
source of organic matter in the creation of landscapes
and green areas in the world. Agricultural use of
sewage sludge not only offers an affordable means of
disposal but also improves soil fertility and physical
properties, thereby enhancesing crop productivity.
Moreover, it facilitates nutrient recycling and reduces
the cost of cultivation (Swain et al., 2021). Sewage
sludge use in agriculture has been recognized as an
environment-friendly management technique
(Beidokhti et al., 2019). It acts as a vital source of
organic matter (OM) for agricultural soils; moreover, it
provides essential macro and micronutrients for plant
growth and development (Latare et al., 2018; Karkush
& Aljorany, 2019). The positive response of various
crops, such as rice and wheat (Latare et al., 2017),
spinach (Golui et al., 2014), Grass-legume (Bozkurt et
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al., 2020) apple trees (Bozkurt & Yarilgac, 2003) and
Maize (Zea mays L.) (Cakir & Cimrin, 2020) sewage
sludge application has been reported. Sewage sludge
was applied as 20 kg m2 year-1 dose on plant growth of
Liquidambar Orientalis species (Demirkan & Ségiit,
2018). The sewage sludge (sludge and soil mixed at a
volume ratio of 1:10, 3:10 and 5:10) was applied to the
Sedum lineare ornamental plant at different ratios
(Peng et al., 2017). Ornamental plants are the best
choices because they provide environment-enhancing
green spaces and offer commercial products (Mir et al.,
2019). On the other hand, being an ornamental crop
due to the interest in its flowers reduces the risk of
contamination of the food chain (Chitraprabha & and
Sathyavathi, 2018).

The aim of this study was to evaluate the effects of
different doses of municipal sewage sludge
applications on Bioconcentration factors (BCF),
nutrient concentration (N, P, K, Mg, Ca, Na, Fe, Cu,
Zn, Mn and B) and heavy metal levels of concentration
(Ni, Cd, Cr, Pb, As and Hg) ornamental plants of
marigold (Tagetes erecta L.) and garden verbena
(Verbena hybrida) and soil taken from each pot after
harvest is to determine the heavy metal concentration
(Zn, Cu, Ni, Pb, Cd, As and Hg ) in the samples
according to the applications.

MATERIAL and METHOD
Material

This study started in the April 2015 pot experiments
under greenhouse conditions. Bornova town of Izmir
province (38° 27' 12.5" N, 27° 13' 40.2" E). The soil used
in this study was taken from a depth of 0-20 cm in a
farm in the city of the Research, Application and
Production Farm of Ege University Agriculture
Faculty and transferred to the laboratory and dried at
laboratory temperature. The physical and chemical
characteristics of soil are presented in Table 2. After
air drying, the soil samples were passed through a 4
mm sieve. The soil is classified as Typic xerofluvent
(Soil Survey Staff, 2010). The physicochemical
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properties of soil amended by municipal sewage sludge
(SS) and growth of Marigold (7agetes erecta L.) and
garden verbena (Verbena hybrida) plants were grown
in two separate plots in amended soil with pot
experiments under greenhouse (1.50 m x 21 m)
conditions. The granulated dry municipal sewage
sludge was supplied from the Wastewater Treatment

Table 1. Analysis results of sewage sludge
Cizelge 1. Aritma ¢amurunun analiz sonuglari

Plant of Izmir Greater City Municipality. Sewage
sludge was applied at different doses to Marigold
(Tagetes erecta L.) and garden verbena (Verbena
hybrida) plants. Analysis results of treated sewage
sludge and experiments soil are given in table 1 and
table 2.

Properties Values Properties Values
pH 7.18+0.14 Na (mg kg!) 1391+22.11
EC (dS m™) 1.95+0.11 Fe (mg kg'!) 12755+124.53
C:N ratio 9.90+0.51 Cu (mg kg) 177+7.21
-1
Cors (%) 29.66+1.18 ﬁln(?fgkfg_i) Nvete
N(%) 2.99+0.50 Ni (mg kg'1) 69.73+3.01
P (%) 0.23+0.12 Pb (mg kg1 17.44+1.11
K (%) 0.34+0.18 Cr (mg kg') 112.5+2.32
Ca (%) 6.36+1.15 Cd (mg kg1 2.83+0.21
Mg (%) 2.044+0.21 B (mg kg1 16.10+0.34

According to the Turkish directives, the heavy metal
limits (mg kg?) for sewage sludge use in agriculture
are as follows: Cd 10, Cr 1000, Ni 300, Pb 750, Cu 1000
and Zn 2500. The sludge used for this study contains
the heavy metal concentrations (mg kg1) as follows: Cd
(2.83+0.21), Cr (112.5+2.32), Ni (69.73+3.01), Pb
(17.44+1.11), Cu (177+£7.21) and Zn (1377+32.14).
Thus, the concentrations of sewage sludge heavy
metals in this study were lower than the permitted
limits (Anonymous, 2010). Since sewage sludge was
brought to suitable physical conditions to be used in
plant production, it was directly used in growing
medium mixtures without any further processing.
Experiments were conducted in randomized blocks
design with 3 replications. Soil and sewage sludge

Table 2. Analysis results of experimental soil
Cizelge 2. Deneme topraginin analiz sonuglari

mixtures prepared at specific proportions were placed
on top of this drainage layer. To measure the
performance of sewage sludge as a growing medium,
essential fertilizers were not used in the present
experiments. About 5 cm gravel drainage layer was
placed beneath the sowing boxes. Soil and sewage
sludge mixtures were placed on top of this drainage
layer. Fertilizers were not applied to measure the sole
performance of sewage sludge as a growing medium.
Marigold (7agetes erecta 1.) and garden verbena
(Verbena hybrida) plants were grown in two separate
plots. Five seedlings were planted in each plot, and a
total of 20 seedlings (5 seedlings x 4 replicates) were
planted on 28.04.2015.

Properties Values Properties Values
pH 7.64+0.12 Ca (mg kg1 2162+25.83
EC (dS m) 0.44+0.10 Na (mg kg 31.17+3.16
Texture Sandy-loam Fe (mg kg'1) 2.65+0.51
Sand (%) 55.84 Cu (mg kg) 0.89+0.11
Silt (%) 31.44 Zn (mg kg1) 2.08+0.15
Clay (%) 12.72 Mn (mg kg1) 1.83+0.32
CaCOs ) 4.74+0.32 Ni (mg kg'!) 53.09+2.73
Corg (%) 0.876+0.21 Pb (mg kg'!) 13.34+1.21
N (%) 0.081+0.04 Cr (mg kg 25.57+1.54
P (mg kg) 14.66+2.13 Cd (mg kg'1) 0.75+0.18
K (mg kg 237+10.20 B (mg kg?) 1.07+0.08

In this experiment, pots with a top diameter of 40 cm,
the height of 40 cm, and a capacity of 36 kg were used.
Soil moisture content was maintained at 70% water
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holding capacity (WHC). Experiments had different
treatments sewage sludge/soil mixtures (v/v) was
mixed with soil in the following proportions: 0%
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sewage sludge+%100 soil (36 kg) (applications control),
3% sewage sludge (0.850 kg)+ 97% soil (35.15 kg)
(applications 3 % SS), 6% sewage sludge (1.94 kg)+94
% soil (34.06 kg) (applications 6% SS) and 9% sewage
sludge (3.03 kg)+91% soil (32.97 kg) (applications 9%
SS). Throughout the experiments, irrigations were
performed based on soil field capacity. Pots were
watered every 4 days with deionized water to maintain
soils close to 70% of WHC throughout the experimental
period and the leaked water returned into the pots in
order to prevent losses. Chemicals were applied
against louse afid and pests. The study was carried out
between 28 April and 15 July 2015. The total duration
of the experiment was 79 days.

Method

The soil material used in the present experiments was
sieved and made available to be used in mixtures.
Three wooden sowing boxes with 12 cells were used in
the present experiments. Each cell has dimensions of
40x40x20 cm and was filled with 4 different growing
media all, including gravel, garden soil and sewage
sludge. Soil samples were air-dried and passed
through a 2 mm sieve. pH was measured in (1:2.5 soil:
water) extract, and soil salinity (EC, dS m™) was
measured in 1:2.5 soil: water extracts. Organic matter
(Corg) was determined using the Modified Walkler-
Black method (Jackson, 1973). Lime (CaCOs) was
measured with a Scheibler calcimeter (Nelson, 1982).
The texture was determined with the hydrometer
method (Bouyoucos, 1962). Total nitrogen (N) with
modified Kjeldahl method (Bremner, 1965). Available
phosphorus was determined by Olsen method (Olsen &
Dean, 1965). Soil available Na, K and Ca concentration
were determined using 1 N ammonium acetate
extraction (NH4sOAc, pH=7) (Pratt, 1965). Sample K,
Ca, and Na were determined in a flame photometer.
Soil Fe, Cu, Zn and Mn were determined through the
extractions with DTPA solution (Lindsay and Norvell,
1978). Soil Fe, Cu, Zn and Mn concentrations were
determined in atomic absorption spectrophotometer
(AAS) (Hanlon, 1992). Soil total Zn, Cu, Ni, Pb, Cd, Cr,
As and Hg concentrations were determined in HCl and
HNO; (aqua regia 3:1, v/v) extracts, and Hg
concentration was determined in cold-vapor atomic
absorption spectrophotometer (Kacar & Inal, 2008).
Boron concentration was determined by hot-water
extract with azomethine-H method (Wolf, 1971). The
principal chemical properties of sewage sludge sample
In particular, the pH was measured on mixtures of
sewage sludge: water 1:5; the EC was measured on a
1:5 sewage sludge sample: water ratio extract and the
organic matter (Corg) Modified Walkler-Black method
(Jackson, 1973). Total nitrogen (N) with modified
Kjeldahl method (Bremner, 1965). Sewage sludge
samples after nitric and  perchloric acid
digestion(HNOs; HCIO4  4:1, v/v). Total P
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spectrophotometric analysis with the wuse of
vanadomolibdo phosphoric yellow color method (Lott et
al., 1956). Total K, Ca, and Na concentrations were
determined in a flame photometer, Mg, Fe, Zn, Cu, Mn,
Ni, Cd, Cr, Pb, As and Hg measurements were
performed by using cold vapour atomic absorption
spectrophotometer (AAS) (Kacar & Inal, 2008).
Following dry-ashing, sample B concentration was
determined spectrophotometrically with the use of an
azomethine-H method (Wolf, 1971). The plants were
harvested carefully for analysis after 13 weeks of
planting. Leaves were collected from the mid-third
sections of each of the plants (Coelho et. al., 2017). All
samples were washed to remove any adhering soil
particles and rinsed with distilled water. The plant
samples were dried at 65-70 °C for 48 h and then
grinded and made ready for analysis. Total Nitrogen
(N) analysis was conducted by modified Kjeldahl
method (Bremner, 1965). Plant samples acid-digestion
(HNOs; HC104; 4:1, v/v) was performed before nutrient
analysis. Total P spectrophotometric analysis with the
use of vanadomolibdo phosphoric yellow color method
(Lott et al., 1956). Total K, Ca and Na concentration
were determined in a flame photometer, and Mg, Fe,
Zn, Cu, Mn, Ni, Cd, Cr, Pb, As were determined by
atomic absorption spectrophotometer. Mercury (Hg)
measurement was performed by using a cold vapour
atomic absorption spectrophotometer (Kacar & Inal,
2008). Boron (B) concentration dry-ashing was
determined spectrophotometrically with the
azomethine-H method (Wolf, 1971).

Bioconcentration Factors (BCF); Metal loads were
calculated using the bioconcentration factor (BCF) as:
BCF=metal concentration in the plant (mg
kg-'dw)/metal concentration in soil (Chang et al.,
2014).

Statistical Analysis; Statistical analyses were
conducted with the use of SPSS Statistics 20.0
software in accordance with randomized blocks design.
Significant means were compared with the use of
Duncan’s multiple range test at a=0.05 significance
level. Differences between the treatments were
significant at P <0.01 or P < 0.05.

RESULTS and DISCUSSION
Bioconcentration Factors (BCF)

In Marigold (Zagetes erecta L.  plants,
bioconcentration factors (BCF) were identified as Zn
(1.11+0.11-1.34+0.16), Cu (0.27+0.05-0.34+0.02), Ni
(0.17+£0.02-0.28+0.05), Pb (0.10+0.04-0.14+0.04), Cd
(0.16+0.08-1.17+0.21), As (0.02+0.005-0.03+0.006) and
Hg (0.22+0.10-0.43+0.12). Bioconcentration factor
(BCF) was as follows for Marigold (Tagetes erecta L.):
Zn>Cd>Hg>Cu>Ni>Pb>As. In garden verbena
(Verbena hybrida) plants, bioconcentration factors
(BCF) were identified as Zn (1.04+0.10-1.17+0.15), Cu
(0.34+0.03-0.52+0.07), Ni (0.16+0.04-0.19+0.03), Pb



KSU Tarim ve Doga Derg 26 (1), 161-171, 2023
KSU J. Agric Nat 26 (1), 161-171, 2023

Arastirma Makalesi
Research Article

(0.10£0.03-0.14+0.04), Cd (0.22+0.11-0.27+0.14), As
(0.03+0.001-0.04+0.005) and Hg (0.19+0.10-0.31+0.12)
(Table 3). Bioconcentration factor (BCF) was as follows
for garden verbena (Verbena hybrida):
Zn>Cu>Hg>Cd>Ni>Pb>As. In both plants, the highest
BAC value was determined for Zn element and the
lowest BAC value for As. Analyzing the results of the
bioconcentration factor (BCF) for the tested plants, it
was noted that the Marigold plant accumulated Zn and
Cd more easily, followed by Hg, Cu, Ni and Pb, and
then As to a lesser extent. The values of factors for Cd
and Zn were correlated with the high mobility of these
elements compared to other metals and their relatively
easy plant uptake. The lowest values of the BCF found
for Pb and As are due to the lowest mobility of Pb and
As from soil to plant tissues (Pusz et al., 2021). The
content of metals in plants can vary depending on their
ability to move from soil to aboveground parts (Awa &
Hadibarata, 2020). Khan et al. (2008) also suggested
that the BCFs of Cd and Zn were high in brassica

Table 3. Average BCF values of plants
Cizelge 3. Bitkilerin ortalama BCF degeri

plants. Cd i1s the metal most susceptible to
accumulation from the soil by plants (Kabata-Pendias
& Mukherjee, 2007). Translocation factor and BCF are
a vital indices to determine the phytoremediation
capability of plants, and it was well reported that
plants revealing BCF values >1 could be favorable for
phytoextraction (Chanu & Gupta, 2016).

BCF of less than 1 means more heavy metals
concentration in soil than those taken up by plants
(Hellen and Othman, 2016). It further enables the
categorization of plants as accumulators (BAC>1) or
excluders (BAC<1) of trace elements (Olowoyo et al.,
2010).

In the present study for Zn and Cd, BCF was>1.
Therefore, marigold plant can be a hyperaccumulator
plant for Zn, and Cd elements and the Garden verbena
plant can be a hyperaccumulator plant for Zn element
(Biswal et al., 2022).

Plants Treatments Zn Cu Ni Pb Cd As Hg

Marigold  Control 1.17+0.10 0.34+0.02 0.25+0.04  0.11+0.04 0.16+£0.08  0.02+0.005 0.39+0.11
% 3 SS 1.11+0.11 0.31+£0.02 0.17+0.02  0.10+0.03 0.62+0.12  0.02+0.005 0.34+0.10
% 6 SS 1.34+0.16 0.28+0.04 0.27+0.04  0.14+0.04 0.99+0.14  0.03+0.006 0.22+0.10
% 9SS 1.124+0.14 0.27+0.05 0.28+0.05  0.12+0.04 1.17+0.21  0.03+0.006 0.43+0.12

G.verbena Control 1.04+0.10 0.34+0.03 0.16+0.04  0.14+0.04 0.22+0.11  0.03+0.001 0.26+0.11
% 3 SS 1.05+0.10 0.45+0.05 0.16+0.05  0.10+0.03 0.23+0.12  0.04+0.005 0.25+0.11
% 6 SS 1.17+0.15 0.52+0.07 0.18+0.04  0.13+0.05 0.27+0.13  0.03+0.002 0.31+0.12
% 9SS 1.13+0.12 0.43+0.08 0.19+0.03  0.13+0.04 0.27+0.14  0.03+0.003 0.19+0.10

Plant nutrients

Experimental treatments had significant (P<0.01)
effects on plant leaf total nitrogen (N) concentration.
In marigold (7agetes erecta L.) plants, the most
significant N (%) concentration (3.0£0.13) was

obtained from 9% SS and the lowest (2.4+0.10) from
the control treatments. In garden verbena (Verbena
hybrida) plants, the greatest value (3.0£0.14) was
obtained from 9% SS treatments and the lowest
(2.3+0.11) from the control treatments (Table 4).

Table 4. Macro plant nutrient concentrations of marigold and garden verbena plants
Cizelge 4. Kadife ¢icegi ve yer minesi bitkilerinin makro bitki elementi konsantrasyonlari

(%)

Plants Treatments N P K Mg Ca

Marigold Control 2.4+0.10b 0.39+0.13 2.00+0.14ab 0.42+0.10b 3.2+0.11c
3% SS 2.7+0.11ab 0.34+0.10 1.97+0.16 b 0.43+£0.11b 3.8+0.14bc
6% SS 2.9+0.11a 0.37+0.11 2.30+ 0.10a 0.60+£0.12a 5.2 £0.20a
9% SS 3.0+£0.13a 0.42+0.15 2.33 £0.22a 0.61+£0.24a 5.0+0.15ab
S. level *E ns * * *

G.verbena Control 2.3 +0.11b 0.26+0.12¢ 2.27+0.17ab 0.60+0.11b 3.5+0.10
3% SS 2.5+0.10b 0.33£0.13bc 2.30+0.20ab 0.64+0.12ab 3.9+0.12
6% SS 2.6+0.12ab 0.43+0.16ab 2.60+0.23a 0.67+0.10ab 4.3+0.16
9% SS 3.0 £0.14a 0.51+£0.21a 2.20+0.11b 0.70+ 0.14a 4.8+0.20
S. level ok ok ok * ns

Significant level (S. level),* p<0.05

** p<0.01

ns: not significant

Applications of the marigold plant on phosphorus (P)
concentration had no significant effect. Plant P (%)
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concentration varied between 0.34+0.10-0.42+0.15. On
the other hand, treatments had significant effects on
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the P concentration of garden verbena plants (P<0.01),
with the greatest value (0.51+0.21) in 9% SS
treatments and the lowest value (0.26+0.12%) in the
control treatments. Marigold potassium (K),
magnesium (Mg) and calcium (Ca) concentrations were
significantly affected by treatments (P<0.05). The
greatest plant K (2.33+0.22) and Mg (0.61+0.24)
concentration were obtained from 9% SS treatments,
followed by 6% SS treatments. Both treatments (6% SS
and 9% SS) were placed into the same statistical group.
The greatest Ca (%) concentration (5.2+0.20) was
obtained from 6% SS treatments, followed by 9% SS
treatments (5.0+0.15). On the other hand, in garden
verbena plants, treatments had a significant effects on
plant K concentration at significant (P<0.01) level and
on Mg at (P<0.05) significant level but did not have
significant effects on plant Ca. Plant K (%)
concentration varied between 2.20+0.11-2.60+0.23

with the greatest value in 6% SS treatments and Mg
(%) varied between 0.60+0.11-0.70+0.14 with the
greatest value in 9% SS treatments. The most
remarkable plant Ca (%) (4.80+0.20) was obtained
from 9% SS and the lowest concentration (3.5+0.10)
value was obtained from control treatments.
Increasing SS doses had significant effects on Na
concentrations of marigold (7agetes erecta L. and
garden verbena (Verbena hybrida) plants significant
(P<0.01) level. In marigold and garden verbena plants,
the lowest Na (mg kg1) concentration was obtained
from the control (349+11.93) treatments and the
greatest values (377+15.36) were obtained from 9% SS
treatments of marigold plants (784+26.41) and 6% SS
treatments of garden verbena plants (696+25.16).
Microelement concentration of marigold and garden

verbena plants also increased with increasing SS doses
(Table 5).

Table 5. Micro element concentrations of marigold and garden verbena plants
Cizelge 6. Kadife ¢icegi ve yer minesi bitkilerinin mikro element konsantrasyonlari

Plants Treatments Na ;‘rzg kg Cu Zn Mn B

Marigold  Control 349+11.93c 1698+35.41 7.3+0.21 95+10.17c 104+11.82b  42+10.21
3% SS 493+13.57¢ 1503+28.562 7.3+0.25 102+12.25bec  109+14.26ab 39+8.14
6% SS 625+15.12ab 2300+50.95 7.3+0.25 136+16.32a  142+20.74a  3949.63
9% SS 784+26.41a  2236+40.24 17.7+0.30 130+14.50ab 129+15.21ab 37+8.95
S. level i ns ns * *k ns

G.verbena Control 377+15.36¢ 1521+25.38 8+0.11b 84+10.66b 74+12.64 47+11.15
3% SS 456+18.72bc  1587+30.64 10+0.15ab 101+11.23ab 100+15.26 46+9.28
6% SS 696+25.16a 1700+£50.42 12+ 0.21a 115+14.18a 96+20.51 46+10.65
9% SS 611+20.51ab 1423+26.45 10+0.18ab 108+13.25a 92+18.40 46+12.84
S. level *x ns * wk ns ns

Significant level (S. level),* p<0.05 ** p<0.01 ns: not significant

Plant Fe (mg kg!) concentrations varied between
1503+28.52-2300+50.95 in marigold plants and
between 1423+26.45-1700+£50.42 in garden verbena
plants. The highest amount of Fe was determined in
6% SS applications for the marigold plant (2300+50.95)
and the G.verbena plant (1700+50.42), respectively.
Applications of the marigold plant had no significant
effect on Cu (mg kg') concentrations and varied
between 7.3+0.21-7.7+0.30. Treatments had
significant effects on G.verbena plant Cu concentration
at P<0.05 level. The lowest Cu (mg kg'!) concentration
was found in the control (8 £0.11) treatment, and the
highest value was 6% SS (12+ 0.21) application. The
effect of applications on Zn in the marigold plant was
found to be significant (P<0.05) level. The most minor
Zn (mg kg!) concentration was determined in control
(95+10.17) and the highest in 6% SS (136+16.32)
application. Treatments had significant (P<0.01)
effects on Zn concentration in garden verbena plants.
The smallest Zn concentration in the control
(84+10.66) and the highest value (115+14.18) in the 6%
SS treatment. Marigold plant Mn (mg kg
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concentrations significantly (p<0.01) increased with
increasing SS treatments. The lowest Mn
concentration was obtained from the control treatment
(104+11.82), and the most excellent Mn value
(142+20.74) was obtained from the 6 % SS treatment.
G.verbena Mn concentrations did not significantly
change with SS treatments. The highest Mn was
obtained from the 3 % SS treatment (100+15.26) and
the lowest value (74+12.64) from the control treatment.
In both plant species, the effects of sewage sludge
treatments on plant B (mg kg'l) concentration were not
significant. The highest B concentration in the
marigold plant was seen in the control treatment
(42+10.21) and the lowest value in the 9% SS
treatment (37+8.95 mg kg-1). In the G.verbena, plant
the greatest B concentration (47+11.15) was obtained
from control treatments, followed by 3% SS, 6% SS and
9% SS treatments. Afonso et al. (2018) reported plant
nutrients for lemon verbena. The sufficiency ranges set
for the macronutrients (%) N, P, K, Ca, and Mg were
respectively 2.80-4.30, 0.09-0.38, 1.00-2.80, 0.75—
3.00, and 0.20-0.80. The sufficiency ranges found for
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the micronutrients B, Cu, Fe, Zn, and Mn were,
respectively, 35-200, 7-22, 60-300, 25-125, and 40—
250 mg kg1. Present study, N and Fe elements differed
according to these values, especially in the Fe element.
Soares et al. (2018) concentration of Na (321-513 mg
kg-1), but Amed et al. (2012) differed from the Fe
(836.74 mg kg!) concentration value. The herb is a
good source of Fe as well, where roots contain notably
higher quantity (1763 mg kg'?) than leaves (836.74 mg
kgl), stems (324.39 mg kg), seeds (893.25 mg kg'?)
and seeds husk (476.21 mg kg!) (Amed et al., 2012).
Eaton et al. (2013) reported plant nutrients for the
marigold plants. The sufficiency ranges set for the
macronutrients (%) N, P, K, Ca, and Mg were
respectively 2.40-5.70, 0.30-1.40, 0.90-5.30, 1.70—
3.60, and 0.60-1.90. The sufficiency ranges found for
the micronutrients (mg kg!) B, Cu, Fe, Zn, and Mn
were, respectively, 30-53, 8-23, 61-233, 67-229 and
44-541. Present study, Fe elements differed according
to these values, especially in terms of Fe element.

Similar to Na (595 mg kg1) element, as stated by
Sonmez et al (2017), but differed from Fe (971.6 mg kg
1). These differences are thought to be due to soil
characteristics, sewage sludge treatments
(12755+124.53 mg kg'! Fe) and plant variety. It can be
concluded that Marigold (Zagetes erecta L.) and
Garden verbena (Verbena hybrida) plants have high
Fe concentration, and these plants can be hyper
accumulator for Fe element.

Plant heavy metal concentration

Treatments had significant (P<0.05) effects of
marigold Ni (mg kg1) concentration. The most
significant value (13+1.23) was obtained from 9% SS
treatments and the lowest (8+1.35) in 3% SS
treatments. In garden verbena plants, the greatest Ni
(8.9+0.93) was obtained from 9% SS treatments and
the lowest (7.0£0.52) in the control treatments (Table
6).

Table 6. Heavy metal concentrations of marigold and garden verbena plants
Cizelge 6. Marigold ve garden verbena bitkilerinin agir metal konsantrasyonlari

Ni Cd Cr Pb As Hg

Plants Treatments (mg ke'!) (ug kg-)

Marigold Control 11+0.71ab 0.16+0.08b 19+0.28b 2.5 +£0.10b 0.35+0.02 48.79+2.34
3% SS 8+1.35b 0.69+£0.10ab  24+0.32ab  2.7+0.16ab  0.32+0.05 43.11+8.32
6% SS 12+1.12a 1.08+£0.06ab 25+ 0.43a 3.8+0.21a 0.49+0.06 45.61+9.11
9% SS 13+1.23a 1.21+£0.09a 28+ 0.51a 3.2+0.20ab  0.52+0.07 61.82+10.13
S. level * *k * * ns ns

G.verbena Control 7.0£0.52 0.3£0.05 7.2 £0.46b 3.0£0.21 0.40£0.03 27.04+3.46
3% SS 7.3+0.61 0.3+0.06 8.2+0.62ab  2.6+0.15 0.52+0.06 28.59+4.73
6% SS 8.3+0.75 0.4+0.07 9.4+0.81ab  2.94+0.20 0.42+0.04 37.11+5.30
9% SS 8.9+0.93 0.4+0.09 10.0£1.02a  3.2+0.28 0.49+0.05 24.15+9.28
S. level ns ns * ns ns ns

Significant level (S. level), * p<0.05 ** p<0.01
Experimental treatments had significant effects on
marigold Cd (mg kg?) concentration (P<0.01), with the
greatest value (1.21+0.09) in the 9% SS treatments and
the lowest value (0.16+0.08) in the control treatments.
Effects of SS treatments on garden verbena Cd
concentration were not found to be significant. Plant
Cd value 0.3+0.05-0.4+0.09. Marigold plant Cr (mg kg
1) concentration significantly (P<0.05) varied between
19+0.28-28+0.51, the lowest value in the control
treatment and the greatest value in 9% SS application
dose. Effects of SS treatments on garden verbena Cr
concentrations were not found to be significant. Plant
Cr concentration 7.2£0.46-10.0£1.02. There were
significant (P<0.05) differences in Marigold Pb (mg kg
1) concentration. The most significant plant Pb
concentration (3.8+0.21) was obtained from 6% SS
treatments and the lowest (2.5+0.10) in the control
treatments. On the other hand, in garden verbena
plants, the greatest Pb concentration (3.2+0.28) was
obtained from 9% SS treatments and the lowest
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ns: not significant

(2.6+£0.15) from 3% SS treatments. Sewage sludge
treatments did not have significant effects on marigold
As and Hg concentration. Plant As (mg kg
concentration varied between 0.32+0.02-0.52+0.07 and
Hg (ug kg!) concentration range from 43.11+8.32 to
61.82+10.13. Similarly, the effects of SS treatments on
garden verbena As and Hg value were not found to be
significant. Plant As concentration 0.40+0.03-
0.52+0.06 and Hg concentration 24.15+8.28-
37.11+5.30. Present As the concentration of marigold
and garden verbena plants were lower than the EU
threshold values for As in fodder (2-4 mg kg'!) (Adamse
et al., 2017; Dradrach et al., 2020). Accoding to Kabata-
Pendias & Pendias (2011) Normal values of total heavy
metals in plants (mg kg=1) 0.02-5.0 Ni, 0.1-2.4 Cd, 0.03-
14.0 Cr and 0.2-20.0 Pb concentration in plant.
Marigold plant concentrations of Ni, Pb and Garden
verbena plant Ni concentration were determined to be
higher than the specified average values. Mercury
concentrations determined in Marigold and G. verbena
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plants were below the maximum (0.5 mg kg!) limit
value specified for contaminated food by the World
Health Organization (WHO, 2004).

Soil heavy metal concentration

The effect of sewage sludge applications on the total Zn
of marigold plant soils after harvest was statistically
significant (P<0.05) and differed according to the
applications. The smallest Zn (mg kg1) value was
determined at 81.38+1.22 in the control application,
and the highest Zn value was determined at
116.58+2.47 in the 9% SS application. The applications
did not have a significant effect on the total Zn of
garden verbena plant soils after harvest. The lowest Zn
concentration was 80.47+2.73 1in the control
application and the highest value was obtained at
97.97+3.2 in the 6 % SS application respectively. The
effect of the treatments on marigold soil the total Cu
was statistically significant (P<0.05), with the highest
Cu (mg kg? value being 28.49+1.14 in 9% SS
application and the lowest Cu value in control

application with 21.23+2.15. The applications did not
have a significant effect on the total Cu garden verbena
soil. The concentration of Cu (mg kg!) was determined
in the range of 22.28+2.20-23.35+2.12. The effect of
sewage sludge doses on the total Ni concentration of
the soil was not significant. In marigold soil, the lowest
soil Ni (mg kg!) concentration (44.32+1.95) was
determined in control, and the highest Ni
concentration (46.70+2.02) was determined in 3% SS
application. In garden verbena soil, the lowest Ni (mg
kg1) value (43.95+1.28) was obtained from the control
and the greatest Ni concentration (45.88+1.10) from
9% SS treatments. These values were below the toxic
level of 100 mg kg! specified by Ozbek et al. (1995).
Soil total Pb significantly increased with increasing SS
doses (P<0.05) compared to the control. In marigold
soil, the lowest Pb (mg kg'!) concentration (22.42+1.66)
was obtained from the control and the greatest
(27.58+0.39) from 9% SS treatments. In garden
verbena soil, the lowest value (21.63+0.87) was
obtained from the control and the greatest (25.13+2.88)
from 3% SS treatments (Table 7).

Table 7. Heavy metal concentration of post-harvest soils according to applications
Cizelge 7. Hasat sonrasi topraklarin uygulamalara gore agir metal konsantrasyonlar:

Plants Treatments Zn Cu Ni Pb Cd As Hg
(mg kg1) (ug kgt

Marigold Control 81.38+1.22b 21.23+2.15b 44.32+1.95 22.42+1.66b 1.02+0.15 17.76£0.83  125.71+21.77
3% SS 91.57+1.14ab 24.22+2.41ab  46.70+2.02 25.75+0.45a 1.12+0.17 18.81+0.17  128.04+13.47
6% SS 101.86+3.14ab  25.62+2.12ab  44.98+1.12 27.04+1.05a 1.09+0.26 19.41+0.10  207.79+59.37
9% SS 116.58+2.47a 28.49+1.14a 46.58+1.45 27.58+0.39a 1.03+0.38 19.81+0.05 143.33+3.90
S. level * * ns * ns ns ns

G.verbena  Control 80.47+2.73 23.35+2.12 43.95+1.28 21.63+0.87 1.38+0.02 14.39+0.10 104.92+12.27
3% SS 95.74+2.81 22.28+2.20 45.17+1.27 25.13+2.88 1.28+0.13 14.62+1.32  114.25+6.54
6% SS 97.97+ 3.24 23.12+3.41 45.58+0.46 22.79+0.96 1.47+0.02 14.93+0.72  121.13+12.87
9% SS 95.46+3.12 23.32+3.56 45.88+1.10 23.71+3.37 1.50+0.01 15.15+2.44  126.04+25.31
S. level ns ns ns ns ns ns ns

Significant level (S. level) * p<0.05  ** p<0.01ns: not significant

Present Pb values were all below the toxic level of 100
mg kg1 specified by Kabata-Pendias & Pendias (1992).
Total Cd (mg kg'!) concentration in marigold soil and
garden verbena soil did not significantly change with
increasing SS doses. Soil total Cd varied between
1.02+0.15-1.12+0.17 in marigold soil and 1.28+0.13-
1.50+0.01 in garden verbena soil. Present Cd values
were within the normal limits of 3 mg kg1 specified by
Kabata-Pendias (2011). Soil total Cd, Ni and Pb values
were different from the values of Delibacak & Ongun
(2018), probably because of varying treatment doses
and soil characteristics. Soil pH also influences the
presence and uptake of heavy metals (Khan et al.,
2015; Eid & Shaltout, 2016). In marigold soil, the
lowest soil total As (mg kg') concentration (17.76
+0.83) was obtained from the control and the greatest
concentration (19.81+0.05) from 9% SS treatments. In
garden verbena soil the lowest value (14.39+0.10) was
obtained from the control and the greatest
concentration (15.15+2.44) from 9% SS treatments.
Present As values were all below standard value of 20
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mg kgl of WHO and FAO (Chiroma et al., 2014). Soil
total Hg (ug kgl concentration did not change
significantly with increasing SS doses. In marigold
soil, the lowest soil Hg concentration (125.71+21.77)
was obtained from the control and the greatest
concentration (207.79+59.37) from 6% SS treatments.
In garden verbena soil, the lowest value (104.92+12.27)
was obtained from the control and the greatest
concentration (126.04+25.31) from 9% SS treatments.
Present Hg values were below the standard limit of 1.5
mg kg1 of Turkey (Anonymous, 2010; Chiroma et al.,
2014). Threshold values of heavy metals (mg kg-1) in
soil were given in Turkey as 200 Zn, 100 Cu, 70 Ni, 100
Pb, and 1.5 Cd, respectively (Anonymous, 2010). Soil
heavy metal (Zn, Cu, Ni, Cd, Pb, As and Hg)
concentrations were below the allowable limits.
Depending on the treatment sludge application dose, it
has been reported that EC and exchangeable Na
increase in soils in long-term soil application (Cucina
et al., 2019). The positive relationship between sludge
addition and EC increase has been reported by several
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studies (Dhanker et al., 2021). The soil EC
significantly increased with sludge dosage. Since the
organic acids produced during the decomposition of
solid waste caused the accumulation of dissolved salts
(Hamdi et al., 2019). Sewage Sludge application did
not affect total Cd, Pb and Ni concentrations in treated
soils; total Hg, Zn and Cu accumulated proportionally
with the amount of sewage sludge applied (Cucina et
al., 2019). The total concentration of trace elements
showed the following variation in the soil over the 5 yr
(mg kg1): Cd (16.8-20.0), Co (19.5-21.5), Cr (98.2—
125.7), Cu (8.1-17.1), Mn (62.9—- 85.7), Ni (20.3-35.0),
Pb (27.0-52.4), and Zn (20.3—-35.8) (Chagas et al. 2020).
It was stated that Sargin (2011), seven years after the
treatment sludge application, the heavy metal Zn, Cu,
Pb, Ni and Cd concentrations in the soil were
determined below the limit values for all soil depths (0-
30 cm, 30-60 cm and 60-100 cm). Changes in heavy
metal accumulation in soils depend primarly on the
characteristics of the sewage sludge, the rate applied
and soil texture (Wu et al., 2012). Heavy metals
bioavailability in soils after amendment varies
according to soil characteristics, such as soil pH, and
organic matter content (Achiba et al., 2009).

CONCLUSION

The BCF values of marigold for Zn, Cd element and
garden verbena for Zn were >1. Thus, marigold
(Tagetes erecta L.) and garden verbena (Verbena
hybrida) were considered as a potential accumulator
plants and can be used for the remediation of
contaminated soils. In terms of heavy metals (Ni, Cd,
Cr, Pb, As and Hg), toxicity symptoms were not
encountered in marigold (7agetes erecta L.) and
garden verbena (Verbena hybrida) plants. Soil heavy
metal (Ni, Cd, Pb, As and Hg) were below the limit
values. Based on the present findings, it 1s
recommended that sewage sludge treatments could be
applied at 3% SS for marigold (7agetes erecta L.) and
garden verbena (Verbena hybrid) plants.

ACKNOWLEDGEMENTS

This study was supported financially by Izmir Water
and Sewerage Administration General Directorate
(ZSU) of Izmir Metropolitan Municipality. The
authors would like to thank for support.

Statement Contribution of The Authors

Authors declares the contribution of the authors is
equal.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

REFERENCES

Achiba WB., Gabteni, N., Lakhdar, A., Du Laing, G.,
Verloo, M., Jedidi, N. & Gallali, T. (2009). Effects of
5-Year Application of Municipal Solid Waste
Compost on the Distribution and Mobility of Heavy
Metals in a Tunisian Calcareous Soil. Agriculture,
Ecosystems & Environment, 130(3/4),156-163.

Adamse, P., Van der Fels-Klerx, HJ. & de Jong, J.
(2017). Cadmium, Lead, Mercury and Arsenic in
Animal Feed and Feed Materials—Trend Analysis of
Monitoring Results. Food  Additives &
Contaminants: Part A 34 (8), 1298-1311.

Afonso, S., Arrobas, M., Ferreira, IQ. & Rodrigues, MA.
(2018). Leaf Nutrient Concentration Standards for
Lemon Verbena (Aloysia citrodora Palau) Obtained
from Field and Pot Fertilization Experiments.
Journal of Applied Research on Medicinal and
Aromatic Plants 8, 33—40.

Ahmed, D., Chaudhary, MA., Raza, A., Waheed, A.,
Khan, SH. & Ikram, M. (2012). Comparative Study
of Antibacterial Activity and Mineral Contents of
Various Parts of Verbena officinalis Linn. Asian
Journal of Chemistry 24(1), 68-72.

Anonymous, (2010). Ministry of Environment and
Urbanization, Regulation on the Land Use of
Domestic and Urban Sludge, Official Gazette No:
27661, Ankara, Turkey.

Awa, SH. & Hadibarata, T. (2020). Removal of Haevy
Metals in Contaminated Soil by Phytoremediation
Mechanism: A Review. Water Air Soil Pollution
231(2), 1-15.

Beidokhti, MZ., Naeeni, STO. & Abdighahroudi, MS.
(2019). Biosorption of Nickel (II) from Aqueous
Solutions onto Pistachio Hull Waste as a Low-cost
Biosorbent. Civil Engineering Journal 5 (2),447—
457.

Biswal, B., Singh, SK., Patra, A. & Mohapatra, KK.
(2022). Evaluation of Phytoremediation Capability
of French Marigold (7agetes patula) and African
Marigold (7agetes erecta) under Heavy Metals
Contaminated Soils. [International Journal of
Phytoremediation 24(9),945-954.

Bozkurt, MA. & Yarilgac, T. (2003). The Effects of
Sewage Sludge Applications on the Yield, Growth,
Nutrition and Heavy Metal Accumulation in Apple
Trees Growing in Dry Conditions. 7urkish Journal
of Agriculture and Forestry 27 (5), 285-292.

Bozkurt, MA., Akdeniz, H. & Keskin, B. (2020). The
Effects of Sewage Sludge Application Doses and
Times on Extractable Metal Concentrations in a
Calcareous Pasture Soil. KSU JJ. Agric Nat. 25 (2),
328-335. '

Bouyoucos, GJ. (1962). Hydrometer Method Improved
for Making Particle Size Analysis of Soil. Agronomy
Journal 54(5), 464-465.

Bremner, JM. (1965). Total Nitrogen in CA. Black
(Ed.). Methods of Soil Analysis. Part 2, American

169



KSU Tarim ve Doga Derg 26 (1), 161-171, 2023
KSU J. Agric Nat 26 (1), 161-171, 2023

Arastirma Makalesi
Research Article

Society of Agronomy Inc., Madison, Wisconsin, USA.
1149-1178.

Chagas, JKM., de Figueiredo, CC., da Silva, J., Shah,
K. & Paz-Ferreiro, J. (2021). Long-term Effects of
Sewage  Sludge—Derived Biochar on  the
Accumulation and Availability of Trace Elements in
a Tropical Soil. Journal of Environmental Quality
50, 264-2171.

Chang, CY., Yu, HY., Chen, JJ., Li, FB., Zhang, HH. &
Liu, CP. (2014). Accumulation of Heavy Metals in
Leaf Vegetables from Agricultural Soils and
Associated Potential Health Risks in the Pearl River
Delta, South China. FEnviron Monit Assess 186
(3),1547-1560.

Chanu, LB. & Gupta, A. (2016). Phytoremediation of
Lead using Ipomoea Aquatica Forsk. in Hydroponic
Solution. Chemosphere 156407—411.

Chiroma, TM., Ebewele, RO. & Hymore, FK. (2014).
Comparative Assessement of Heavy Metal Levels in
Soil, Vegetables and Urban Grey Waste Water used
for Irrigation in Yola and Kano. International
Refereed Journal of Engineering and Science 3(2), 1-
9.

Chitraprabha, K. & Sathyavathi, S. (2018).
Phytoextraction of Chromium from Electroplating
Effluent by ZTagetes erecta (L.. Sustainable
Environment Research 28(3), 128-134.

Coelho, LC., Bastos, ARR., Pinho, PJ., Souza, GA.,
Carvalho, JG., Coelho, VAT., Olveira, LCA.,
Domingues, RR. & Faquin, V. (2017). Marigold
(Tagetes erecta): the Potential Value in the
Phytoremediation of Chromium  Pedosphere
27(3),559-568.

Cucina, M., Ricci, A., Zadra, C., Pezzolla, D., Tacconi,
C., Sordi, S. & Gigliotti, G. (2019). Benefits and
Risks of Long-term Recycling of Pharmaceutical
Sewage Sludge on Agricultural Soil. Science of the
Total Environment 695 (3), 133762.

Cakir, HN. & Cimrin, KM. (2020). The Effect of
Sewage Sludge Applications on the Growth of Maize
(Zea mays L.) and Some Soil Properties. KSU J.
Agric Nat 23 (2), 321-327.

Delibacak, S. & Ongun, AR. (2018). Influence of
Treated Sewage Sludge Applications on Total and
Available Heavy Metal Concentration of Sandy Clay
Soil. Desalination and Water Treatment 112, 112—
118.

Demirkan, GC. & Sogiit, Z. (2018). Effects of Sewage
Sludge Applications on Plant Growth of
Liquidambar orientalis Species. Journal of Tekirdag
Agricultural Faculty 15 (01), 57-66.

Dhanker, R., Chaudhary, S., Goyal, S. & Garg, VK.
(2021). Influence of Urban Sewage Sludge
Amendment on Agricultural Soil Parameters.
Environmental Technology & Innovation
23,101642.

Dradrach, A., Karczewska, A. & Szopka, K. (2020).
Arsenic Accumulation by Red Fescue (Festuca

170

rubra) Growing in Mine Affected Soils Findings

from the Field and Greenhouse Studies.
Chemosphere 248, 126045.

Eaton, TE., Cox, DA. & Barker, AV. (2013).
Sustainable  Production of Marigold and

Calibrachoa with Organic Fertilizers. Hortscience
48(5),637-644.

Eid, EM. & Shaltout, KH. (2016). Bioaccumulation and
Translocation of Heavy Metals by Nine Native Plant
Species Grown at a Sewage Sludge Dump Site.
International Journal of Phytoremediation 18
(11),1075-1085.

Golui, D., Datta, SP., Rattan, RK., Dwivedi, BS. &
Meena, MC. (2014). Predicting Bioavailability of
Metals from Sludge-amended Soils. Environ Monit
Assess 186 (12),8541-8553.

Hamdi, H., Hechmi, S., Khelil, MN., Zoghlamia, IR.,
Benzartic, S., Mokni-Tlilia, S., Hassen, A. & Jedidi,
N. (2019). Repetitive Land Application of Urban
Sewage Sludge: Effect of Amendment Rates and Soil
Texture on Fertility and Degradation Parameters.
Catena 172, 11-20.

Hanlon, EA. (1992). Determination of Total
Manganese, Iron, Copper and Zinc in Plants by
Atomic Absorption Techniques. In Plant Analysis
Reference Procedures for the Southern Region of the
United States (Ed. O.C. Plank) pp. 48-50. Southern
Cooperative Series Bulletin, USA.

Hellen, LE.,, & Othman, OC. (2016). Heavy metal
levels in soil, tomatoes and selected vegetables from
Morogoro region, Tanzania. International Journal of
Environmental Monitoring and Analysis 4 (3), 82-
88.

Jackson, ML. (1973). Soil Chemical Analysis. Prentice-
Hall India Private Limited New Delhi

Kabata-Pendias, A. & Pendias, H. (1992). Trace
Elements in Soils and Plants, 2nd Edition CRC
Press, Boca Raton, Ann Arbor, London.

Kabata-Pendias A, Mukherjee AB 2007. Trace
Elements from Soil to Human; Springer Nature:
Berlin, Germany.

Kabata-Pendias, A. (2011). Trace Elements in Soils
and Plants. Boca Raton, Florida: CRC Press.

Kacar, B. & Inal, A. (2008). Plant Analyzes. Nobel
Publishing Company, Ankara (in Turkish).

Karkush, M. & Aljorany, AN. (2019). Numerical
Evaluation of Foundation of Digester Tank of
Sewage Treatment Plant. Civil Engineering Journal
5 (5),996-1006.

Khan, S., Cao, Q., Zheng, YM., Huang, YZ. & Zhu, YG.
(2008). Health Risks of Heavy Metals in
Contaminated Soil Sand Food Crops Irrigated with
Wastewater in Beijing, China. FEnvironmental
Pollution 152(3),686—692.

Khan, A., Khan, S., Khan, MA., Qamar, Z. & Waqas,
M. (2015). The Uptake and Bioaccumulation of
Heavy Metals by Food Plants, Their Effects on
Plants Nutrients, and Associated Health Risk: A



KSU Tarim ve Doga Derg 26 (1), 161-171, 2023
KSU J. Agric Nat 26 (1), 161-171, 2023

Arastirma Makalesi
Research Article

Review. FEnvironmental Science and Pollution
Research 22 (18),13772-13799.

Latare, AM., Singh, SK. & Kumar, O. (2017). Yield and
Profitability of Rice-Wheat Sequence with
Conjunctive Application of Sewage Sludge and
Chemical Fertilisers. Indian Journal of Fertilisers
13 (7),50-61.

Latare, AM., Singh, SK. & Kumar, O. (2018). Impact of
Sewage Sludge Application on Soil Fertility,
Microbial Population and Enzyme Activities in Soil
Under Rice-Wheat System. Journal of the Indian
Society of Soil Science 66 (3),300—309.

Lee, R. (2011). The Outlook for Population Growth.
Science 333 (6042), 569-573.

Lindsay, WL. & Norvell, WA. (1978). Development of a
DTPA test for zinc, iron, manganese, and copper.
Soil Science Society of America Journal 42, 421-428.

Lott, WL., Nery, JP., Gall, JR. & Medcoff, JC. (1956).
Leaf Analysis Technique in Coffe Research, I.B.E.C.
Research Inst. Publish No: 9, 21-24.

Mir, RA , Ahanger, MA. & Agarwal, RM. (2019).
Marigold: From Mandap to Medicine and from
Ornamentation to Remediation. American Journal
of Plant Sciences 10, 309-338.

Nelson, RE. (1982). Carbonate and Gypsum. Methods
of Soil Analysis Part 2. Chemical and
Microbiological ~ Properties  Second  Edition.
Agronomy 9(2),181-197.

Olsen, SR. & Dean, LA. (1965). Phosphorus. In: Black
CA (ed.). Methods of Soil Analysis. Part 2. American
Society of Agronomy. Inc. Publisher Madison
Wisconsin, 1035-1049.

Olowoyo, JO., van Heerden, E., Fischer, JL. & Baker,
C. (2010). Trace metals in soil and leaves of
Jacaranda mimosifolia in Tshwane area, South
Africa. Atmospheric Environment 44(14),1826—
1830.

Ozbek, H., Kaya, Z., Gék, M. & Kaptan, H. (1995).
Toprak Bilimi. Cukurova Universitesi Ziraat
Fakiiltesi Genel Yayin No: 73 Ders Kitaplar: Yayin
No:16, Adana.

Peng, C., Tang, L., Tan, X,, Li, Y., Wang, X., A1, X,,
Zhou, X., Thunders, M. & Qiu, J. (2017). Heavy
Metal Fractionation After Application of Fermented
Sludge to Soil and Its Effect on Sedum Lineare.
Fresenius Environmental Bulletin 26, 810-822.

Petersen, SO., Henriksen, K., Mortensen, GK., Krogh,
PH., Brandt, KK., Sorensen, J., Madsen, T.,
Petersen, J. & Gron, C. (2003). Recycling of Sewage
Sludge and Household Compost to Arable Land:
Fate and Effects of Organic Contaminants and
Impact on soil Fertility. Soil and Tillage Research 72
(2), 139-152.

Pratt, PF. (1965). Potassium. pp. 1010-1022. In: C. A.
Black (Ed.). Methods of Soil Analysis Part-2.

171

American Society of Agronomy Inc. Madison,
Wisconsin, USA.

Pusz, A., Wisniewska, M. & Rogalski, D. (2021).
Assessment of the Accumulation Ability of Festuca
rubra L. and Alyssum saxatile L. Tested on Soils
Contaminated with Zn, Cd, Ni, Pb, Cr, and Cu.
Resources 10(5), 46.

Sanchez, ME., Estrada, IB., Martinez, O., Martin-
Villacorta, J., Aller, A. & Moran, A. (2004). Influence
of the Application of Sewage Sludge on the
Degradation of Pesticides in the Soil. Chemosphere
57(7), 673-679.

Sargin, B. (2011). Determination of Heavy Metal the
Residual Effect in the Soil and Leaves of the Apple
Orchard After Seven Years of the Sewage Sludge
Application. Yuziincii Yil University Institute of
Natural and Applied Sciences Department of Soil
Science and Plant Nutrition, MSc Thesis, 55 p.

Swain, A., Singh, SK., Mohapatra, KK. & Patra, A.
(2021). Sewage Sludge Amendment affects Spinach
Yield, Heavy Metal Bioaccumulation, and Soil
Pollution indexes. Arabian Journal of Geosciences
14 (8), 717.

Soares, KCN., Pianoski, KE., Finger, D., Torres, YR. &
Quinaia, SP. (2018). Multi-Element Analysis in
Aerials Parts of Verbena minutiflora and Infusions.
Acta Scientiarum: Health Sciences 40, e36890.

Soil Survey Staff, (2010). Keys to Soil Taxonomy. 11th
Ed. USDA Natural Resources Conservation Service,
Washington, DC.

Sonmez, F., Alp, S. & Yasar, O. (2017). The Effects of
Humic Acid Application on the Nutrient Contents
and Heavy Metals in Organs of Marigold (7agetes
erecta L.). Fresenius FEnvironmental Bulletin
26(8),5340-5348.

Song, XD., Xue, XY., Chen, DZ., He, PJ. & Dai, XH.
(2014). Application of Biochar from Sewage Sludge
to Plant Cultivation: Influence of Pyrolysis
Temperature and Biochar-to-Soil Ratio on Yield and
Heavy Metal accumulation. Chemosphere 109, 213—
220.

WHO, (2004). WHO Food Additives Series: 52. Safety
Evaluation of Certain Food Additives and
Contaminants. World Health Organization, Geneva,
Switzerland.

Wolf, B. (1971). The Determination of Boron in Soil
Extracts, Plant Materials, Composts, Manures,
Water and Nutrient Solutions. Communications in
Soil Science and Plant Analysis 2(5), 363-374.

Wu, L., Cheng, M., L1, Z., Ren, J., Shen, L., Wang, S.,
Luo, Y. & Christie, P. (2012). Major Nutrients,
Heavy Metals and PBDEs in Soils after Long-term
Sewage Sludge Application. Journal of Soils and
Sediments 12 (4), 531-541.



