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Abstract. We aimed to determine the impact of cadmium (Cd) and chicken manure on dry weight (dw),
Cd and some nutrient element concentrations of spinach plants, as well as their uptake. Cadmium doses of
0, 10, and 20 mg kg%, and 0, 5000, 10000, and 20000 kg ha* chicken manure (CM) were applied to the soil
in greenhouse conditions under randomized plots with three replicates. Cd doses elevated N, K, Ca, Mg,
Na, Mg and Cd concentrations and also Cd uptake, but decreased the dry weight and the up-taken amounts
of nutrient elements. Because of the severe root degradation, Cd uptake was found high in the leaves rather
than roots. Adding chicken manure, improved dry weight and elevated the up-taken amounts of nutrient
elements (p<0.01). However, it was observed that the applications could not lower the Cd concentrations
below the WHO limits. Due to the fact that the plant nutrient concentrations are within the limits of
sufficiency and there are no signs of toxicity in the plants despite the high Cd content, it may cause people
to consume these plants unaware of the high Cd content and deteriorate their health.

Keywords: antagonism, accumulator, health, heavy metals, toxicity

Introduction

In addition to the radioactive waste and sludge arising from today's industrial activities
such as mining, energy and fuel production increasing with human population; due to the
excessive use of chemical fertilizers, pesticides and irrigation with wastewater the natural
distribution patterns and concentrations of heavy metals increase significantly (Dorak and
Celik, 2020; Qin et al., 2020).

Some heavy metal trace elements [iron (Fe), zinc (Zn), manganese (Mn), copper (Cu),
molybdenum (Mo), nickel (Ni) and cobalt (Co)] affect the growth, development and
physiological life functions of plants. Even though a limited amount of these elements are
absolutely necessary, overdosing them and low amounts of many other heavy metals
[arsenic (As), mercury (Hg), cadmium (Cd) and lead (Pb)] outside this group can be toxic
to plants. (Adesoye et al., 2014; Zhang et al., 2014; Chetan and Ami, 2015; Ali and Khan,
2018). It has been stated that the heavy metal levels above 100,000 pg g? in the soil
disrupt the ecological balance and may increase the amounts in the plants grown on it and
deteriorate many physiological properties such as water intake, germination,
photosynthesis, membrane stability, stoma movements, transpiration, enzyme activity,
protein synthesis, and hormonal balance so inhibit the vegetative growth and decrease the
productivity of crops (Kabata-Pendias, 2011; Nazar et al., 2012; Chetan and Ami, 2015;
Sun et al., 2015; Shaheen et al., 2016; Antoniadis et al., 2019; Qin et al., 2020).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):3003-3017.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1904_30033017
© 2021, ALOKI Kft., Budapest, Hungary


mailto:user@host.domain

Celik - Kunene: Consequences of Cd and chicken manure on growth and on some nutrient contents of spinach plants
(Spinacia oleracea L.)
- 3004 -

It causes not only a decrease in the yield and quality of the crops, but it may also cause
some diseases due to the accumulation in living beings who consume these plants. In
people exposed to high concentrations of heavy metals, it is reported that heavy metals
can cause serious damage to the liver, kidney, lung and various vital organs in the human
body by causing deterioration in blood composition and blood pressure, causing damage
to central and mental processes and may adversely affect people’s lives (Chetan and Ami,
2015; Shaheen et al., 2016; Ali and Khan, 2018; Antoniadis et al., 2019; Chen et al.,
2019).

Cd, which was one of the heavy metals considered as an environmental pollutant and
has a maximum allowable concentration between 1-20 mg kg in agricultural soils in
various countries may accumulate in the soil by intensive and continuous use of
phosphorus fertilizers (Kabata-Pendias, 2011). Due to high concentrations of cadmium in
the soil and its mobility from the soil to roots and higher plant parts, cadmium may
accumulate in plants and adversely affect human health through the food chain. (Chetan
and Ami, 2015; Chen et al., 2019). Spinach is a widely consumed vegetable plant in recent
years due to the higher constituents of vitamins and nutrients. However, as a hyper
accumulator plant, it may not be safe for human consumption in terms of heavy metal and
element content in soils contaminated with Cd, as they can grow in normal appearance.

Lots of remediation strategies exists for metal contaminated soils, however these
techniques were expensive and found not applicable for wide areas. In addition to
phosphorite, zeolite, montmorillonite, some agricultural practices such as humic and
organic matter have been tried to limit the mobility of heavy metals and prevent their
uptake to plants (Kabata-Pendias, 2011; Hina et al., 2019). Kabata-Pendias (2011), stated
that some of the soil properties including; CEC, clay minerals, pH affected amounts of
carbonates, hydrous oxide metals, and also kind of organic matter affects heavy metal
solubility in soils. In various studies, reduced mobility and uptake were also reported with
the application of animal manure, crop residues and biosolids (Adhikari and Singh, 2008;
Kumarpandit et al., 2017; Canal et al., 2018; Hina et al., 2019). Chicken manure having
high nutrient element and increasing the aeration and water holding capacity of the soil,
may also be used as a soil amendment material (Dikinya and Mufwanzala, 2010; Adesoye
etal., 2014).

We conducted the research to determine the impact of Cd and chicken manure on dry
weight, cadmium, some nutrient element concentrations and also their up-taken amounts
in spinach used as a test plant, and to evaluate the ability of chicken manure preventing
the damage of cadmium.

Materials and Methods
Experimental location

The greenhouse where the study was conducted, is in the Agricultural Research and
Application Center of Bursa Uludag University in Turkey (39°35’, 40°40’ and 28°10’,
30°00").

Experimental design

We collected the soil sample used in the research from the depth of 0-20 cm at the field
located at the Agricultural Research and Application Centre. Some soil properties are
shown in Table 1. The soil had a clay texture and low lime content. Its’ pH was 7.91. The
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soil had sufficient organic matter and has no problems with salt, nutrient elements and
also heavy metals (Table 1).

Table 1. Some of the Soil Properties

Properties Amounts Properties Extractable Amounts

Texture Clay Phosphorus (P), mg kg 14.51

Sand, % 44.76 Potassium (K), mg kg 375.5

Silt, % 14.00 Sodium (Na), mg kg 175.6

Clay, % 41.24 Calcium (Ca), mg kg* 10048

pH (1:2.5 soil:water) 7.91 Magnesium (Mg), mg kg 390.2
EC, mS cm? 0.53 Iron (Fe), ug g™ 12.49
CaCOs, % 4.68 Cupper (Cu), pg g* 1.56
Organic matter, % 2.21 Zinc (Zn), ng gt 0.95
Total nitrogen (N), % 0.092 Manganese (Mn), pg g 31.64
Field capacity, % 23.57 Boron (B), ug g* 0.65
Cadmium (Cd), pg g* 0.02

Lead (Pb), ng g* 1.82

Chromium (Cr), ug g 0.02

Dried soil was passed through a 4 mm sieve and weighed 3.5 kg in polyethylene
covered plastic pots having 20 cm in diameter and 18 cm deep. Three cadmium doses (O,
10 and 20 mg Cd kg™) in the form of solution as cadmium sulphate (3CdS0O4.8H,0)
(Extra pure, Merck, Germany), and four chicken manure (CM) doses (0, 5000, 10000 and
20000 kg CM hal) in a solid state were applied to the pots in randomized plots design
with three replicates. Before planting, 50 mg N kg* as ammonium nitrate (NHsNO3)
(Extra pure, Merck, Germany), 40 mg P kg, 50 mg K kg™ as monopotassium phosphate
(KH2PO4) (Emprove, Merck, Germany) were added to the pots and incubated for 60 days.
A pelleted chicken manure (Batisel-Yiikseller company, Manisa/Turkey), which of its
some properties were shown on Table 2 was used in the experiment.

Table 2. Some properties of the chicken manure*

Properties Amounts Properties Amounts
pH, (1:2.5 wiv) 9.82 Iron (Fe) g kg 8.84
EC, mS cm? 11.72 Cupper (Cu) pg g 61.41
Organic matter, % 42.45 Zinc (Zn) pg g 376.97
Nitrogen (N), g kg 13.89 Manganese (Mn) ug g™ 642.75
Phosphorus (P), g kg™* 16.13 Boron (B) ugg? 44.48
Sodium (Na), g kg'* 4.55 Cadmium (Cd) pgg* 0.22
Potassium (K), g kg 23.35 Lead (Pb) pgg* 0.21
Calcium (Ca), g kg™ 60.73 Chromium (Cr png g? 54.00
Magnesium (Mg), g kg 7.49

*Batisel-Yiikseller Company, Manisa/Turkey

We planted five seeds of spinach (spinacia oleracea L. CV Reis F1) in each pot and
after germination thinned to leave three plants. Field capacity of the soil was measured
by graduated cylinder method (Tan, 1995). Throughout the experiment we tried to keep
the soil in the pots at 70% of the field capacity by weighing the pots before watering and
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giving the water to the pots as much as the reduced amount. 45 days after the beginning
of the experiment, the leaves were cut from the ground level and then the roots were also
removed. Leaves and roots were transferred to the laboratory immediately, were washed
in tap water and then with deionized water. The plant samples were dried to a constant
weight in an air circulated oven (Nuve KD 400, Turkey) at 70°C, weighed and then were
milled with 0.5 mm mesh size with laboratory mill (Foss CT 193 cyclotec, Denmark).

We applied a microwave oven (Berghof MWS 2, Germany) digestion to the ground
samples using 6 mL (1:1 v/v) mixture of nitric acid (HNO3) (65%, Emplura, Merck) and
hydrogen peroxide (H202) (35%, Emprove, Merck, Germany) (Celik et al., 2017). In
order to determine the concentrations of Cd, P, B and Mg we used inductively coupled
plasma-optical emission spectrometry (ICP-OES) (Perkin Elmer Optima 2100DV, USA)
(Hansen et al., 2013). Concentrations of K, Ca and Na were determined by flame emission
(Eppendorf Elex 6361; Hamburg, Germany) (Horneck and Hanson, 1998), total N by the
Kjeldahl method (Buchi K-437, K-350; Buchi, Flawil, Switzerland) (Kacar, 2014). The
up-taken amounts were calculated using the determined concentrations of the elements,
and leaves and the roots dry weight (dw) values.

Statistical analysis

A computer programme (MINITAB 17.1.0.0 Minitab Inc., State College,
Pennsylvania, USA) were used for the statistical analysis. All the data collected were
subjected to analysis of variance. The treatment means were compared using the least
significant difference (LSD) tests.

Results and discussion
Effects of cadmium on dry weight amounts

Statistically significant (p<0.01) leaf and root dry weight yield results were found with
increasing application doses of cadmium to the soil. Increasing the doses of cadmium,
negatively affected the dry weight yield of leaf and root of the plants and the least dry
weight yield in leaves (2.77 g) and in roots (0.52 g) was determined at the highest
application dose of cadmium (Cd2) (Table 3).

Table 3. Effects of Cd and chicken manure on leaf and root dry weight of spinach

Chicken Manure Doses
CMO CMm1 CM2 CM3
Okgha! 5000 kg ha? 10000 kg ha* 20000 kg ha'*
CdoOmgda! 712 a B 744 a B 1138 a A 1057 a A 913 a
Cd1 10 mgda?! 4.55 AB 364 b B 445 b B 668 b A 483

Parts of Cadmium

Plant Doses Mean

b

Leaves | oqo 2omgdat 202 ¢ A 246 b A 333 b A 328 ¢ A 277 ¢

Dry Mean 457 B 451 B 6.39 A 6.84 A

Weight A Lsp<0.01 1.274 B 1sp<0.01 1.104 AXB | sp<0.01 2.207
(9) CdoOmgda' 2.46 4.09 2.98 3.79 333 a
ROOtS Cd1 10 mgda! 0.63 0.58 0.63 1.41 081 b
Cd2 20 mg da* 0.34 0.40 0.65 0.70 052 b
Mean 1.14 1.69 1.42 1.97
A LSD ns B LSD<0.01 1.231 AxB LSD ns

Significant differences between values in rows are symbolized by capital letters, significant differences
between values in columns are symbolized by lowercase letters. ns: not significant, A: Chicken manure
doses, B: Cd doses, AxB: Interaction of chicken manure and Cd doses

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):3003-3017.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1904_30033017
© 2021, ALOKI Kft., Budapest, Hungary



Celik - Kunene: Consequences of Cd and chicken manure on growth and on some nutrient contents of spinach plants
(Spinacia oleracea L.)
- 3007 -

Significant reductions of dry weight of spinach due to the high concentrations of Cd
obtained from our research findings, were found similar to those in previous studies with
various leafy vegetables. Chandrawal and Kumar (2016), declared significant decreases
on dry weight amounts of spinach after 5 mg kg™ Cd application in calcareous and non-
calcareous soil conditions. Chetan and Ami (2015) reported decreased growth parameters
in spinach compared to the control in their study with two doses of Cd. It has been stated
that toxic Cd conditions cause reductions in growth parameters such as height, weight
and leaf number of lettuce plants (Monteiro et al., 2009; Canal et al., 2018). In our
previous study with the lettuce plant, we also determined degradation on dry weight
amounts of the root and stem of the lettuce plant with the high doses of Cd applied to the
soil (Kunene and Celik, 2020). Similarly, it has been stated that sewage water applications
containing high amounts of Cd lead to a decrease in the biomass of leafy vegetables such
as mint, coriander and fenugreek (Anwar et al., 2016), As in previous trial results, the
decrease in dry matter yield observed in our experiment is thought to be due to the
impaired up take of plant nutrients and their functions within the plant in the presence of
high doses of Cd (Qin et al., 2020).

Effects of cadmium on cadmium amounts

Concentrations and the up-taken Cd amounts in the leaves and in the roots were found
statistically significant (p<0.01). The least Cd concentrations in leaves (0.58 mg kg™t) and
in roots (1.23 mg kg?) were determined at control plants which have grown on non Cd
applied soil conditions and increased with the applications of cadmium and were found
high at the highest Cd doses both in the leaves (75.04 mg kg?) and in the roots
(162.17 mg kg') (Figure 1). In our previous study with the lettuce plant, it was
determined that the Cd doses applied to the soil increased the root and stem Cd
concentrations (Kunene and Celik, 2020). Some studies also reported elevated plant Cd
concentrations parallel with increasing Cd (Li et al., 2014; Bakshayesh et al., 2014).
Chandrawal and Kumar (2016), reported significant increases on Cd concentrations and
the up-taken amounts on both the roots and shoots of spinach with the increasing Cd doses
in calcareous and non-calcareous soil conditions. Zhang et al. (2014), also reported
increases on the Cd concentrations. Lehoczky et al. (1998), reported that there are
differences between plant varieties in terms of cadmium accumulation, and in the group
of edible vegetables, lettuce and spinach may accumulate the Cd element mostly.

It was also seen from the results of our research that spinach has the ability to
accumulate the element cadmium in high amounts. Because of its accumulation in the
roots (108.10 mg kg and 162.17 mg kg?), the amounts of Cd were found higher rather
than in the leaves (65.71 mg kg and 75.04 mg kg?) (Figure 1). However, the Cd
concentrations in the leaves were found to be substantially high when compared to non
Cd applied control pots and also found higher than the tolerable limit for agronomic crops
(0.05-0.5 mg kg1), and toxic range (5-30 mg kg™) (Kabata-Pendias, 2011; Nazar et al.,
2012). The World Health Organization (WHO) limited the allowable Cd amount in plants
to 0.02 mg kg, it was stated that the daily Cd uptake for humans was 1 ug Cd per kg of
the body weight, and it was calculated as 70 pg for 70 kg body weight (Smolders, 2001;
Hina et al., 2019). It has been reported that if the high concentration of Cd in the edible
parts of plants passes into the human body, it may cause damage to the kidneys, bones,
and the systems such as reproduction, nervous and cardiovascular, and can also lead to
cancer (Ogundele et al., 2015; Khalid et al., 2017; Khan et al., 2017). Due to the thought
that regular consumption of plants with a concentration above 3 mg kg? Cd may be
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dangerous for human health, as reported by Pais and Jones (1997), consumption of plants
obtained from our research conditions was found to be inconvenient.
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Figure 1. Effects of Cd and chicken manure on Cd and some nutrient element contents in the
leaves and in the roots of spinach

As with in the concentrations, the least up-taken amount of Cd in the leaves
(5.24 pg dw?) and in the roots (3.62 pg dw™) was determined at CdO (Table 4). Due to
the Cd accumulation in the roots and the severe damage of the roots rather than the leaves,
caused the up-taken amount of cadmium being determined more in the leaves. The highest
up-taken Cd in the leaves (314.42 ug dw), and in the roots (89.36 ug dw) was obtained
from Cd1. In relation to the decrease in dry weight, the amount decreased at the highest
dose of Cd (Cd3) and obtained as 209.92 pg dw in leaves and 84.74 ug dw in the roots.
Dotaniya et al. (2018), reported the up-taken Cd amount in leaves of spinach as 180 and
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200 g dw?, respectively in their study with doses of 1 and 2 mg kg™ Cd doses, and was
in accordance with the findings of us. However, it has been reported that the amounts
taken may differ depending on Cd concentration, pH, organic matter level of the soil and
also species and varieties of the plant (Nazar et al., 2012; Chen et al., 2019).

Table 4. Effects of cadmium and chicken manure on Cd, N, P, and K uptake of leaf and root
of spinach

Parts Cadmium Chicken Manure Doses
of CMO CMm1 CM2 CM3
Plant|  DOSes Okgha! 5000 kghal 10000 kg ha 20000 kg hat Me€&n
CdoOmgda® 3.56 5.58 5.69 6.12 5.24 C
Leaves Cd1 10 mg da! 285.95 205.09 355.68 410.96 31442 a
Cd2 20 mg da* 168.38 146.39 253.30 271.59 209.92 b
cd Mean 152.63 BC 119.02C 204.89 AB 229.55 A
(ug A Lsp<0.05 76.436 B Lsp<o0.01 89.649 AXB Lsp ns
et CdoOmgda® 3.11 3.09 3.75 4.53 362 b
aw) Roots Cd1 10 mg da?* 60.90 64.67 76.84 155.02 89.36 a
Cd2 20 mg da* 50.86 55.50 115.01 117.58 84.74 a
Mean 38.29 B 41.09 B 65.20 AB 92.38 A
A Lsp<0.05 37.105 B Lsp<0.01 43.519 AXB Lsp ns
Cd0Omgda?! 171.68 173.27 248.61 227.99 205.39 a
Leaves Cd1 10 mg da* 192.62 161.20 188.70 266.17 202.17 a
Cd2 20 mg da* 87.28 106.38 147.05 146.70 121.86 b
N Mean 150.53 B 146.95B 194.79 A 213.62 A
(mg A sp<o.01 41.523 B Lsp<oo:  35.960 AXB L sp ns
h CdoOmgda!l 41.12 55.03 44.76 57.36 4957 a
dw?
) Roots Cd110 mgda? 17.53 16.81 19.64 37.54 2288 b
Cd2 20 mgda! 7.53 13.77 21.76 23.46 16.63 b
Mean 22.06 28.54 28.72 39.45
A Lsp ns B Lsp<0.01 17.553 AXB Lsp ns
CdoOmgda! 53.01 a B 6140 a B 8441 a A 9664 a A 7387 a
Leaves Cdi10mgda® 2379 b AB 2036 b B 2485 b AB 4115 b A 2754 b
Cd220mgda® 1033 b A 1205b A 1673 b A 1851 ¢ A 1441 ¢
p Mean 29.04 B 31.27 B 42.00 A 52.10 A
(mg A Lspb<0.01 10.363 B Lsp<oo1  8.975 AXB Lsp 17.949
dw) CdoOmgda!l 14.14 21.73 17.70 19.75 18.33 a
Roots Cd110mgda! 3.49 3.45 415 8.92 500 b
Cd2 20 mgda? 1.77 2.25 3.88 3.99 297 b
Mean 6.46 9.14 8.58 10.89
A Lsp ns B Lsp<0.01 5.935 AXB Lsp ns
CdoOmgda® 44849 a B 477.41a B 766.07 a A 76843 a A61510 a
Leaves Cd110mgda' 32061 a B 27580b B 366.37 b B 582.88 b A386.42 b
Cd220mgda'142.44 b B 177.73b AB 252.09 b AB285.79 ¢ A 21451 ¢
K Mean 303.84 C 310.31C 461.51 B 545.70 A
(m A Lsp<o.01 80.878 B sp<oor  70.042  AXB Lsp<oo1 140.084
dw_?) Cd0 0 mg da’ 98.17 124.64 84.73 101.51 10226 a
Roots Cd110 mgda? 22.31 19.24 19.10 55.80 2912 b
Cd2 20 mg da! 9.61 13.07 23.66 25.62 1799 b
Mean 43.37 52.32 42.50 60.98
A Lsp ns B Lsp<0.01 29.778 AXB Lsp ns

Significant differences between values in rows are symbolized by capital letters, significant differences
between values in columns are symbolized by lowercase letters. ns: not significant, A: Chicken manure
doses, B: Cd doses, AxB: Interaction of chicken manure and Cd doses
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Effects of cadmium on some nutrient element amounts

Soil applied cadmium doses affected the concentrations of the nutrient elements except
B in the leaves also significantly (p<0.01), however the effects in the roots of the spinach
plant, were not found significant except N and Na. Along with the increased cadmium
doses, concentrations of N, K, Ca and B in the leaves were found higher than in the roots
(Figure 1). N, K, Mg and Na concentrations in the leaves and in the roots increased due
to the decreased dry weight amounts of spinach. While the lowest concentrations in the
roots (1.59% N, 3.4% K, 1.12% Mg and 0.34% Na) and in the leaves (2.28% N, 6.71%
K, 0.62% Mg and % 0.32 Na) were determined at CdO. Statistically significant (p<0.01)
elevations occurred at the concentrations of N, K, Ca, Mg and Na with increasing the
doses of cadmium. The highest concentrations of nitrogen in the roots (3.08% N) and in
the leaves (4.38% N,) were determined at Cd2. However, the highest potassium
concentration in the roots (3.5% K) and in the leaves (7.95% K) were determined at Cd1.
The highest Mg and Na concentrations in the leaves (1.06% Mg, 0.4% Na) were
determined at Cdl and in the roots (1.2% Mg, 0.56% Na) were determined at Cd2
(Figure 1).

Similar to N and K, concentrations of Ca in the leaves were found higher than in the
roots. Increasing the soil applied cadmium doses, significantly (p<0.01) affected the
concentrations of Ca in the leaves, but not in the roots. The least Ca concentration in the
leaves (1.3% Ca) was obtained at Cd0 and elevated with increasing doses. However, the
highest concentration (1.1%) in the roots were determined at Cd0 and fall down due to
the sharp decrease of root dry weight amounts of spinach (Figure 1).

Concentrations of P (0.85% P) and B (35.21 mg kg™ B) in the leaves of control plants
were found high, and decreased with the application of Cd (0.52% P, 29.15 mg kg™ B).
These decreases, were found significant (p<0.01) at only the concentrations of P in the
leaves but not at the concentrations of B in the leaves. However, due to the decrease in
dry weight, the concentrations of P and B in the roots increased but not found statistically
significant. The highest P (0.63% P) was determined at the first Cd dose and the highest
B (16.86 mg kg! B) was determined at the second Cd doses. In contrast to B,
concentration of P in the roots was found higher than in the leaves (Figure 1).

Although Cd is not an essential nutrient for plants it has been observed that it is easily
up-taken from the soil, accumulates in plant tissues by damaging the roots, inhibits the
intake of plant nutrients, decreased the dry matter yield with unbalanced plant nutrition.
This was also found compatible with the previous results from other research experiments
(Barut, 2019). Based on previous studies, either synergistic or antagonistic relations
among Cd ions and essential macro and micro plant nutrients were reported (Jibril et al.,
2017; Barut, 2019). Zhang et al. (2014) reported increases on the Cd concentrations and
also increase on Mg and Ca in the roots. Gussarsson (1994), reported that the Ca, Mg, K,
and Mn levels of Birch seedlings decreased with the applications of Cd. Chen et al.
(2019), reported alleviating effects of B on Cd accumulation and toxicity in rice plants by
improving oxidative stress and suppressing Cd uptake.

Soil applied Cd significantly affected the up-taken amounts of the nutrient elements
(N, P, K, Ca, Mg, Na, B) (p<0.01) (Tables 4 and 5). Due to the decrease in dry weight
with increasing cadmium doses, the up-taken amounts of the nutrients were found to be
higher in the leaves compared to the roots. The highest up-taken amounts of the nutrient
elements in the leaves (205.39 mg N dw?, 73.87 mg P dw?, 615.10 mg K dw?,
117.45 mg Ca dw, 56.60 mg Mg dw, 29.15 mg Na dw™, and 302.86 ug B dw?) and in
the roots (49.57 mg N dw, 18.33 mg P dw, 102.26 mg K dw?, 41.69 mg Ca dw?,
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37.51 mg Mg dw?, 10.49 mg Na dw, and 43.08 pg B dw?) were determined at CdO0. In
contrast, the least up-taken amounts of the nutrient elements in the leaves (121.86 mg
N dw?, 14.41 mg P dw?, 214.51 mg K dw?, 60.13 mg Ca dw, 28.22 mg Mg dw?,
10.90 mg Na dw, and 84.02 pg B dw™) and in the roots (16.63 mg N dw, 2.97 mg
Pdw?, 17.99 mg K dw?, 3.97 mg Ca dw?, 6.31 mg Mg dw?, 2.91 mg Na dw?, and
8.99 ng B dw*) were determined at Cd2 (Tables 4 and 5). Similar to the negative effect
of Cd on the nutrient elements up-take in our research, its competition with K, Ca, Mg
was also reported in some other researches (Benavides et al., 2005). Li et al. (2012), in
the study of rice seedlings, they stated that calcium (Ca) and potassium (K) uptake was
impaired in both roots and shoots with Cd applications. Contamination degree of the soil,
the plant species, plant parts, rhizosphere are important factors on nutrient uptake.
However, not only Cd but also concentrations of the other nutrient elements, their
interactions with each other for precipitation, absorption ability from the roots and
bindings with organic compounds within the medium are also quite important factors
effecting their competition.

Effects of chicken manure on dry weight amounts

Application of chicken manure had statistically significant effect on the dry weight
yield of spinach leaves and its interaction with Cd also found effective (p<0.01).
However, the effect on the dry weight of roots was found not significant. The highest dry
weight in leaves (6.84 g) was found at CM3 (Table 3). The highest leaf dry weight
(11.38 g) was obtained from CdOXCM2 interaction. In contrast, the least dry weight in
leaves (2.02 g) was determined at Cd2xCMO interaction.

The use of chicken manure is widespread, as it is rich in nutrients and is also a soil
improvement material that improves the physical, chemical and biological properties of
the soil (Ravindran et al., 2017). It has been stated that the hormone like behaviour of
humic substance in chicken manure, increases the uptake of plant nutrients, stimulates
plant growth and has a positive effect on increasing dry matter amounts, when applied in
small quantities (Dikinya and Mufwanzala, 2010; Adesoye et al., 2014; Hina et al., 2019).
In this respect, it can be an important alternative in terms of regulating toxicity problems
in some areas, but ineffective and even quite negative effects on development have also
been reported when applied in large amounts (Leventoglu and Erdal, 2014).

Effects of chicken manure on Cd amounts

Soil applied chicken manure significantly affected (p<0.05) the up-taken Cd amounts
of the spinach plant, however the effects on the Cd concentrations were not found
significant (Figure 1 and Table 4). Although the first dose of chicken manure (CM1)
decreased the concentrations and the up-taken amounts of Cd compared to control, Cd
concentration and the up-taken amount by the plant, has increased with the increasing
doses of chicken manure. The highest up-taken Cd in the leaves (229.55 ug dw?) and in
the roots (92.38 ug dw) was determined at CM3 (Table 4). Precipitation, absorbtion or
complexation capabilities of nutrient elements and metals with organic matter, may
change depending on the pH of the rhizosphere, redox potential and chelating capacity.
Immobilization of heavy metals in soil with manure applications were reported depending
on physical and chemical characteristic of the amendment materials and also the soil type
(Kamari et al., 2014).
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Table 5. Effects of cadmium and chicken manure on Ca, Mg, Na, and B uptake of leaf and root
of spinach

Parts Chicken Manure Doses
of | Cadmium Doses CMO CMm1 CM2 CM3 Mean
Plant Okgha'! 5000 kg ha? 10000 kg ha 20000 kg ha
CdoOmgda'l 101.32 a B 9392 a B 14907 a A 12548 a AB 11745 a
Leaves Cdl110mgda! 106.25 a AB 6592 a C 7779 b BC116.90 a A 9172 b
Cd220mgda! 4980 b A 5676 a A 6882 b A 6513 b A 60.13 ¢
Mean 85.89 AB 72.20 B 9856 A 10251 A
(ﬁ% A Lsp<o.01 21.860 B Lsp<0.01 18.931  AXB Lsp<o01 37.863
dw) CdoOmgdat 17.86 60.67 46.40 41.83 4169 a
Roots Cdl110mgda! 5.85 4.30 4.25 10.39 6.20 b
Cd220mgda! 2.62 3.77 4.67 4.82 397 b
Mean 8.78 22.92 18.44 19.01
A LSD ns B LSD<0.01 24.626 AXxB LSD ns
CdoOmgda' 4632 a B 4570 a B 7141 a A 6297 a A 56.60 a
Leaves Cd110mgda? 4724 a BC 3472 ab C 4988 b B 7412 a A 5149 a
Cd220mgda! 2069 b B 23.46 b AB 3461 ¢ A 3410 b AB 2822 b
M Mean 38.08 B 34.63 B 51.97 A 57.06 A
(m% A Lsp<0.01 10.741 B Lsp<0.01 9.302 AXB Lsp<0.05 13.737
dw) CdoOmgda' 2951 51.05 33.42 36.06 3751 a
ROOfs Cdi10mgda! 7.35 6.65 7.27 17.48 969 b
Cd220mgda?! 3.77 4.65 8.42 8.38 6.31 b
Mean 13.54 20.78 16.37 20.64
A Lsp ns B Lsp<o.01 15.758 AXB | sp ns
CdoOmgda! 2146 a B 2236 a B 3637 a A 3642 a A 2915 a
Leaves Cdi10mgda! 1653 a AB 13.16 b B 1982 b B 2636 b A 1897 b
Cd220mgda! 741 b B 976 b AB 1255 ¢ AB 1387 ¢ A 1090 c
Mean 15.13 B 15.09 B 22.92 A 2555 A
(Ir\1|1ag A Lspb<o.01 3.476 B Lsp<o0.01 3.010 AXB Lsp<o.01 6.020
dw?) CdoOmgda® 13.10 11.23 7.87 9.76 1049 a
ROOfS Cd110mgda?! 3.77 2.94 3.73 7.52 449 b
Cd220mgda! 1.71 2.62 3.45 3.85 291 b
Mean 6.19 5.60 5.02 7.04
A Lsp ns B Lsp<0.01 4.379 AXB Lsp ns
CdoOmgdal 247.75 249.81 29491 418.98 302.86 a
| eaves Cdl110mgda! 84.71 104.96 91.68 262.54 135.97 b
Cd2 20 mgda! 40.29 59.66 104.24 131.91 84.02 b
Mean 124.25 B 138.14 B 163.61 AB 271.14 A
(B A Lsp<o.01 110.072 B Lsp<o0.01 95.326 AXB Lsp ns
dv%_%) Cdo0mgdal 32.04 62.26 38.48 39.54 4308 a
Roots Cdl110mgda! 1.80 13.12 5.28 15.34 889 b
Cd220mgda! 5.17 8.31 10.64 11.83 899 b
Mean 13.00 27.90 18.13 22.24
A LSD ns B LSD<0.01 19.389 AxB LSD ns

Significant differences between values in rows are symbolized by capital letters, significant differences
between values in columns are symbolized by lowercase letters. ns: not significant, A: Chicken manure
doses, B: Cd doses, AxB: Interaction of chicken manure and Cd doses

If they bound in to chelate complex, the solubility and availability of the Cd could be
reduced and because of their interaction, decreased heavy metal uptake by plants with
organic amendments were also reported (Nazar et al., 2012; Canal et al., 2018). On the
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other hand, it was also reported that organa-metal compounds may increase the solubility
and availability of heavy metals in plants (Leventoglu and Erdal, 2014). Parallel to the
findings of us, Chandrawal and Kumar (2016), reported significant increases on Cd
concentrations and the up-taken amounts on both the roots and shoots of spinach with the
increasing farmyard manure application in calcareous and non-calcareous soil conditions.
The amounts were determined much more in non-calcareous conditions. Stimulating
effects of humic matter on plant growth are associated with increased uptake of the
nutrient elements. In addition to the nutrient elements, poultry manure can also contain
many heavy metals depending on the production and management process of the poultry
manure and may increase As, Cd, Cu and Mn amounts of the soils (Ukpe and Chokor,
2018) or some soil applied organic materials also reduce the mobility and uptake of heavy
metals in the soil by increasing the surface charges and supply the retention of Cd in the
soil (Hina et al., 2019). It was reported that the absorbtion ability of soil depends on its
ability to form pH-dependent surface load of organic matter, cation exchange capacity,
clay minerals and hydrated iron and manganese oxides (Pierzynski et al., 2005; Bolan et
al., 2014; Zhou et al., 2018). Therefore, organic amendments involving humic substances
increase the uptake of these elements increasing the surface charge and form complexes
with metal cations and organic bond fractions, or conversely, they compete with roots and
reduce their uptake (Hina et al., 2019; Khan et al., 2017).

Effects of chicken manure on some nutrient element amounts

Soil applied chicken manure significantly affected the concentrations of K, Ca, Na and
B of the leaves (p<0.01). However, the nutrient element concentrations were not found
significant in the roots (Figure 1). Concentrations of K, Na and B in the leaves increased
and the highest amounts (8.28% K, 0.39% Na, 39.18 mg kg* B) were found at the highest
dose of chicken manure (CM3) (Figure 1). In contrast, the concentrations of Ca decreased
with the addition of chicken manure. While the highest concentration of Ca was found at
control (2.13% Ca), the least amount (1.65% Ca) was determined at CM3 (Figure 1).

Chicken manure significantly affected the up-taken N, P, K, Ca, Mg, Na and B
amounts of the leaves (p<0.01), however, the effects in the roots were found not
significant. The highest up-taken amounts of N, P, K, Ca, Mg, Na and B were determined
at the highest dose of chicken manure (CM3) and were found as 213.62 mg N dw?,
52.10 mg P dw, 545.70 mg K dw, 102.51 mg Ca dw, 57.06 mg Mg dw, 25.55 mg
Na dw? and 271.14 pg B dw, respectively (Tables 4 and 5).

Interactions between chicken manure and Cd were also found statistically significant
(p<0.01) on the up-taken P, K, Ca, Mg, and Na amounts of the leaves of the spinach plant.
The highest P, K, and Na uptake (96.64 mg P dw, 768.43 mg K dw, 36.42 mg Na dw?)
was obtained from spinach plants at CdOXCM3 interaction. However, the highest Ca and
Mg uptake (149.07 mg Ca dw?, 71.41 mg Mg dw?) was obtained from CdOXCM2
interaction. In contrast, the least P, K, Na, Ca and Mg uptake (10.33 mg P dw, 142.44 mg
K dw?, 7.41 mg Na dw™, 49.80 mg Ca dw, and 20.69 mg Mg dw™) was obtained from
Cd2xCMO interaction (Tables 4 and 5).

It has been observed from our research findings that the chicken manure we applied
has a positive effect on the nutrient uptake of the plants. Although antagonism of
cadmium with the elements K, Ca, Mg, Fe, Mn, Cu, Zn and Ni were reported in past
researches (Yang et al., 1998; Benavides et al., 2005), despite the Cd doses, effect of
chicken manure on nutrient uptake was found to be positive. Chicken manure with its
humic substances and nutrient element constituents is defined as an organic fertilizer that
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stimulates plant growth and increases the amount of dry matter by exhibiting behaviors
similar to growth hormones in plants, as well as a soil improvement material that
improves the physical, chemical, and also the biological properties of the soil (Dikinya
and Mufwanzala, 2010; Adesoye et al., 2014; Ravindran et al., 2017; Hina et al., 2019).
Contamination degree of the soil, the plant species, plant parts, rhizosphere are important
factors on nutrient uptake. However, not only Cd but also the nutrient elements
concentrations, their interactions with each other for precipitation, absorption ability from
the roots and bindings with organic compounds within the medium are quite important.
This was also found compatible with the previous results from other research experiments
(Dikinya and Mufwanzala, 2010; Kabata-Pendias, 2011; Nazar et al., 2012; Adesoye et
al., 2014; Ravindran et al., 2017; Kumarpandit et al., 2017; Chen et al., 2019; Hina et al.,
2019).

Conclusion

High cadmium amounts in the soil, increased the concentrations and the up-taken Cd
both in the roots and in the leaves of spinach. Accumulation of Cd especially in the roots,
caused degradation on the dry weights. Although the concentrations of Cd were found
higher in the roots rather than leaves, they all found over the limits of WHO. Because of
the severe degradation in the roots, the up-taken amounts of Cd were found high in the
leaves. Increased Cd, also decreased the up-taken amounts of other nutrient elements.
However, the concentrations of some of the nutrient elements (N, K, Ca, Mg, Na, and
Mg) were found higher than control. It should be kept in mind that this situation may
cause a false perception that the plants are fed by nutrients within their sufficiency limits.
Under toxic conditions of Cd, application of chicken manure to the soil improved the dry
weight of the plants, and elevated the up-taken amounts of the nutrient elements but not
found proficient to decrease the amount of Cd below the WHO limits. Because of its
tolerance to toxicity, not showing chlorotic or necrotic toxicity symptoms, will not
prevent human consumption however its high Cd constituents will cause cadmium
accumulation in people unconsciously. For this reason, it has been concluded that it is
very important for human health to closely monitor the areas where the plants are grown
and the heavy metal amounts of the plants that are widely consumed by humans and
capable of accumulating heavy metals. In the future studies, various field researches
should be carried out to investigate the hyperacumulatory properties of vegetables such
as spinach, which are directly consumed by humans, and the heavy metal concentration
levels in the soils where these vegetables are grown.
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