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Abstract

Trace elements such as Cadmium (Cd), Copper (Cu) and Manganese (Mn) in chicken manure can contaminate soil and bioaccumulate in
edible tissues of plant resulting in food chain contamination. This study investigated the influence of chicken manure on trace element load
of soil and accumulation in tissues of Celosia argentea. Potted soil, 5kg each was amended with either conventional chicken manure (CCM)
or local chicken manure (LCM) at rates of 4, 6,8, and 10 t ha™ ' and compared with control soil (no amendment). Treatments were replicated
trice in a Completely Randomized Design. Results showed that soil trace element pollution increased with rates of amendments. Pollution
indices; contamination factor, degree of contamination, elemental pollution index, pollution load index and total contamination factor were
significantly (p < 0.001) higher in soil amended with CCM than LCM. Bioaccumulation coefficients (BAC), bioaccumulation factor (BAF) and
transfer factor (TF) of trace elements were higher in tissues of celosia grown with CCM than LCM. Contamination factor and PLI contributed
most (92.7%) to soil’s effective CEC. Above 4t ha™ ', growth and yield were not significantly influenced by amendments. Root to shoot
translocation of trace element was restricted by amendments. Potential risks of Cu and Mn accumulation in edible shoot of celosia are
eminent above 6 t ha™ ' of the amendments.

Introduction

Meeting the demand for healthy and safe food has led to intensive organic farming where soil amendment with animal manure has become
the global practice among farmers. Animal manure especially from poultry birds is a rich and good source of plant nutrients that are eco-
friendly unlike inorganic fertilizers (Mortola et al. 2019; Oguntade et al. 2019). The consequence of over-utilization of animal manure on trace
element/metal pollution of soil is of environmental concern. This is because of its associated threat to ecosystem and possible food chain
contamination (Eugenio et al. 2020; Oguntade et al. 2020). Typically, the geochemical characteristic of soils generally possess some
background levels of nutrient elements including trace metals which are inherent in them but often does not cause pollution. Application of
chicken manure amendment to soils for organic farming is on the trend that requires attention to reduce soil pollution and minimize
contamination of food crops. This is because livestock manure particularly from poultry have been recognized as a source of trace
element/metal contaminants to agricultural soils while using it to improve soil fertility (Han¢ et al. 2008; Luo et al. 2009; Oguntade et al.
2018). Hence, the unconscious deposition of trace metal contaminants in soils through over-fertilization with manure can increase trace
element load of soil, contaminate food crops and endanger soil health and food chain (Khan et al. 2017; Kobierski et al. 2017).

Plant nutrients and trace metals found in chicken manure are primarily from the concentrate feeds, supplements and veterinary drugs given to
the poultry birds (Nicholson et al. 1999; Adeli et al. 2007; Oguntade et al. 2019). More often, residues of trace metals in amended soils are
dependent on the quality and quantity of manure applied (Nicholson et al. 1999). Studies have shown high levels of trace metals including
arsenic, iron, zinc, copper, cadmium, chromium, manganese and lead in soils amended with chicken manure sourced from conventional
battery cages (Zhang et al. 2012; Oguntade et al. 2017). Chicken manure is enriched with trace metals because some of the trace metals
consumed by the chicken are not absorbed through the digestive system (Adeli et al. 2007). It is therefore obvious that manure from chicken
birds raised under different management systems would have varying composition of trace element in their droppings because of the
differences in constituent of the diet. Hence, variation in potential ecological risks of trace element in soil amended with such chicken manure
and possible translocation into cultivated crop. However, little is documented on the environmental impact of trace metallic element in
manure of local chicken raised under the free range system. Unlike conventionally raised chicken, free range locally raised chicken feed on
food like insects, worms/larva and grasses from the natural or wild environment. The source of feed for local chicken perhaps is an indication
of low level of trace metal in its manure and could reduce trace metal load in soils when used as amendment.

Copper (Cu), cadmium (Cd) and manganese (Mn) are among the trace metals found in feed additives and supplements given to chicken kept
in battery cages for optimal production (Oguntade et al. 2018). These trace elements have densities greater than 5 g cm™3, long biological
half-lives and can contaminate the food chain as toxic metals. Presence of elevated concentration of these trace elements in chicken manure
could raise pollution load of soil when used as amendment. Soil amendment with livestock manure can enhance accumulation of trace metal
in soils and subsequently become available for crop uptake (Antonious et al. 2012; Wajid et al. 2020; Ugulu et al. 2021). Since soil-plant
movement of trace element is part of the natural means of nutrient cycling. However, consumption of crops that bio-accumulate trace metal
in their edible part is one of the means of human exposure to toxic metals and could be life-threatening. This is because of the damaging
effects toxic metal could have on body organs such as the brain, lungs, liver and kidney (Salem et al. 2000; Bandow and Simon 2016;
Shakoor et al. 2016).

Pollution load index is one of the means of assessing intensity of heavy metal pollution of soils (Jorfi et al. 2017). Pollution indices can give
quantitative assessment of soil pollution level from build-up of trace element through agricultural activities (Shomar and Kalavrouziotis
2013). Furthermore, it is a useful tool for monitoring and evaluating the degree of soil contamination for predicting sustainability in agro-
ecosystems (Kowalska et al. 2018). Several authors including (Cabrera et al. 1999); Hough et al. 2003; Kalavrouziotis and Koukoulakis 2012)
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have developed various pollution indices for monitoring and assessing heavy metal risks in soil-plant system. Among these indices are;
contamination factor (CF), degree of contamination (DC), elemental pollution index (EPI) and pollution load index (PLI). These indices are
employed in order to quantitatively evaluate contamination levels of trace element in soil amended with chicken manure from different
sources. The indicators will give insight on indices with the most influence on bioaccumulation and transfer of trace element in plant tissues.
It may not be enough to assess pollution potential of soil amended with chicken manure without evaluating extraction and bioaccumulation
potentials of celosia grown on such soil. This is germane when monitoring trace element transfer through soil-plants-human system. Studies
have shown that crops growing on metal contaminated soils and environment cannot prevent metal uptake but can only restrict
accumulation concentration in plant tissues depending on the metal (Baker 1981; Jamali et al. 2009; Oguntade et al. 2020). Properties such
as Bioconcentration factor (BCF), Bioaccumulation coefficient (BAC) and Translocation factor (TF) are often used in evaluating toxic metal
accumulation potentials of plants (Yoon et al. 2006; Bu-Olayan and Thomas 2009; Amin et al. 2018). These properties can therefore give
insight into the potential ability of leafy vegetables such as celosia in translocating to edible shoot trace element taken up from manure
amended soil. Knowledge provided thereof is expedient for valuable information on better management of chicken manure in promoting
organic farming for healthy soil, improved yield and better quality of vegetables.

Cockscomb (Celosia argentea Linn) is a leafy vegetable that is rich in nutrients and other essential minerals required for balanced diet.
Cockscomb is a popular vegetable among farmers in western Nigeria because of its fast growth rate and yield in addition to possibility of
several harvests from a single plant (Oguntade et al. 2017; Oguntade et al. 2020). Celosia is one of the vegetables that has the potentials of
accumulating trace metals in its edible and non-edible parts beyond allowable limits when grown on contaminated soils and environment
(Alam et al. 2003; Yoon et al. 2006; Oguntade et al. 2020). Dietary consequence of consuming such vegetable can constitute health related
problems. This study therefore aimed to investigate; (i) accumulation of trace element in soil amended with chicken manure from different
sources, (i) determine pollution index of chicken manure amended soil and (jii) bioaccumulation of the trace element in celosia tissues
through transfer to edible and non-edible parts.

Materials And Methods

Study area, soil and chicken manure collection and preparation

The study was carried out at the Department of Crop Production, College of Agricultural Sciences, Ayetoro campus of Olabisi Onabanjo
University, Nigeria. Soil used for the study was collected from the field lying on latitude 7.2339° N, longitude 3.0595° E and 109.75 m above
sea level at Teaching and Research Farm of the College.

The soil was collected from 0-15 cm depth at the farm and air-dried for 7 days. Following drying, soil for the pot experiment was sieved with 7
mm mesh to remove stone and plant debris. Sub-sample for physicochemical analysis was however sieved with 2 mm mesh. Fresh droppings
from layers bird in battery cages that serve as conventional chicken manure (CCM) were collected from the College's poultry farm. The layer
birds from the college farm are on concentrate feed compounded from maize and groundnut cake (Oguntade et al. 2019). Similarly, droppings
from local chicken (LCM) on free range system were collected within Ayetoro town from their coop/chicken pens. Collected droppings were
air-dried for 4 weeks, crushed and sieved with 7 mm mesh. Sub-samples each of the soil and manure were subsequently taken for laboratory
analysis.

Experimental setup

Buckets of 7 liter capacity each were filled with 5 kg soil homogenized with each type of amended chicken manure at the rate of 4, 6,8 and 10
tha™ on dry weight (d/w) basis. The control treatment did not receive any amendment (no fertilization). The study was a factorial experiment
fitted into a completely randomized design (CRD) and replicated three times. The amended potted soils were left for two weeks prior to
sowing of cockscomb (Celosia argentea) seeds. Seedlings of the leafy vegetable were thinned to one stand per pot 2 weeks after sowing
(WAS). Each pot was watered with 250 mL of fresh water every other day for the first 3 weeks and thereafter every day until 6 WAS when
plants were harvested. Weeds from each pot were removed manually and returned in-situ per pot. At harvesting, plant height, numbers of
leave and primary branches per plant were recorded. Plants samples were thereafter separated into their edible (shoot) and non-edible (root)
parts. Each plant part was separately cleaned with running tap water, briskly rinsed with distilled water to remove adhered particles, air-dried
and fresh weights determined. Plant samples were later oven-dried at 65 °C to constant weight for determination of dry weight and then
ground for chemical analysis. Sub-samples of soils from each pot were also taken for laboratory analysis.

Chicken manure analysis

The pH of the chicken manure was determined with glass electrode pH meter. Concentrations of calcium, (Ca), magnesium (Mg), potassium
(K), sodium (Na) as well as copper (Cu), iron (Fe), manganese (Mn) Zinc (Zn) cobalt (Co), nickel (Ni), chromium (Cr), cadmium (Cd) and lead
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(Pb) were determined following aqua regia digestion. The analyses were carried out with the use of atomic absorption spectrophotometer,
AAS (Buck Scientific 210VGP Model, Inc., East Norwalk, CT, USA) (Hseu et al. 2002; Sastre et al., 2002; Udo et al., 2009). Total Organic carbon
(OC) was determined by wet oxidation method (Nelson and Sommer 1996) and nitrogen (N) by Kjeldahl method (Bremner and Mulvaney
1982). Phosphorus (P) content was determined by colourimetric method (Nelson and Sommers 1996).

Soil analysis

The soil pH was determined with glass electrode pH meter in 1:2 soil/water suspension (McLean et al., 1982). Exchangeable bases (Ca®*,
Mg?*, K" and Na*) in the soil were extracted with 1 N ammonium acetate solution. Content of Ca2* and Mg?* were determined with AAS while
K* and Na* were read on flame photometer. The soil exchangeable acidity (AI**+H*) was extracted with 1 N KCl solution and determined by
titration method (Anderson and Ingram 1993). Effective cation exchange capacity (ECEC) was estimated as addition of exchangeable bases
and acidity. Base saturation (BS) was calculated in percentage as the ratio of exchangeable bases to ECEC according to Udo et al. (2009).
Total Organic carbon was determined by oxidation method (Walkley and Black 1934), while total N was determined by macro-Kjeldahl method
(Bremner and Mulvaney 1982). Extractable P was determined by Bray-1 method (Nelson and Sommers 1996). Particle size analysis of the soil
was determined by the hydrometer method (Bouyoucos 1962). Trace elements in soil samples were digested with 2:1 (v/v) mixture of HNO3-
HCLO, acids aqua regia. Subsample (0.5 g) of the soil was weighed in a 100 mL digestion tube. Then, 10 mL of the aqua regia was added.
The acid digestion was conducted at 150 °C for the first 90 minutes after which 2 mL concentrated HCI was added. Following addition of the
conc. HCI, temperature of the digester was raised to 230 °C for another 30 minutes. After digestion, the aliquot in digestion tubes were allowed
to cool down at room temperature, filtered (Whatman no. 41) into a 50 mL volumetric flask and made up to mark with distilled water. Trace
elements (Cu, Fe, Mn, Zn, Co, Ni, Cr, Cd and Pb) concentration in the analyte was then measured with the use of AAS (Hseu et al. 2002; Sastre
et al. 2002; Udo et al. 2009).

Plant analysis

Plant samples (0.5 g) were digested with 10 ml concentrated nitric (HNO3) and perchloric (HCIO,) acids (2:1 v/v) for the first 90 minutes at

150 0C. Thereafter, 2 mL concentrated HCl was added to the digest and the temperature was raised to 230 °C for the next 30 minutes.
Digested samples were cooled down at room temperature, digest transferred to 50 mL volumetric flask and diluted to volume with deionized
water. The total content of Cu, Cd and Mn in the digest was then determined by AAS (Buck Scientific 210 VGP model, Inc., East Norwalk, CT,
USA) (Hseu et al. 2002; Sastre et al. 2002; Udo et al. 2009). Trace element uptake by the vegetable was estimated as the product of
concentration of each element in celosia tissue and its dry weight (Oguntade et al. 2015).

Soil contamination measurement

Contamination factor (CF)

Cmetal
Cbkg

The soil contamination or pollution factor was determined according to the equation (Hakanson 1980); CF= Equation ...........(1)

where C metal is the concentration (mg kg™ ") of a given trace metal in soil and C bkg is the background or preindustrial concentrations (mg
kg™ ). For the concentration of metals in an uncontaminated soil, we adopted values reported by Turekian and Wedepohl (1961) for
carbonate soils with similar sedimentary origin. The geochemical background concentration values of Cd, Cu and Mn were; 0.035, 4.0 and
1100.0 mg kg™ ", respectively (Turekian and Wedepohl 1961). The selected metals were among trace elements found in drugs and
supplements given to the conventionally raised chicken (Oguntade et al. 2019), residues of which might be in the amended soil.

Degree of contamination (DC)

Degree of contamination of the soil by the selected trace metal was calculated as the sum of the CFs, according to Fiori et al. (2013) as
follows:

DC = > CF Equation ........... (2)

The degree of soil contamination has been categorized into four as follows depending on intensity. Low CF < 1; moderate 1<CF < 3;
considerable 3 < CF < 6; high CF > 6 (Gong et al. 2008; Islam et al. 2015).
Total contamination factor (TCF)

The TCF = (M1 + M2+ M3 + ... Mn)/(M1r + M2r + M3r + ... Mnr) Equation ...... (3) where; M7,

M2, M3 + .... Mn represents the selected trace metals, (M1r+ M2r+ M3r+ .... Mnr) are the corresponding reference values of the metals with n
as the number of analyzed trace metals (mg kg™ ") (Shomar and Kalavrouziotis 2013).
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Elemental pollution index (EPI)

The EPI was calculated as follows; EPI = ny/ M1z M2z M3 . . .. .. Mn Equation ....... (4) where; M1, M2, M3,... Mn, represents the selected
trace metals [19]
Pollution load index (PLI)

The PLI was calculated according to (Tomlinson et al. 1980) as;

PLI=nv/CF1zCF2zCF3...... CFn Equation ... (5)

where; nis the number of metals, while CF7, CF2and CF3........ CFn are contamination factors of the selected metals. According to Tomlinson
et al. (1980), pollution levels are categorized as follows; no contamination (PLI < 1); moderate contamination (1 ~ 2); severe contamination (2
~ 5); extreme contamination (PLI = 5).

Phytoextraction efficiency

In order to determine phytoextraction potential of trace elements by Celosia argentea grown on soil amended with chicken manure, the plant
Bioconcentration factor (BCF), Bioaccumulation coefficient (BAC) and Translocation factor (TF) were calculated (Baker 1981; Bu-Olayan and
Thomas 2009; Jamali et al. 2009; Amin et al. 2018).

Bioconcentration factor was calculated as; BCF= (ér;(:lt Equation ............. (6)
. . . . Cshoot .
Bioaccumulation coefficient was calculated as; BAC= Cson EQuAtion ... 7)
Translocation factor was calculated as; TF= %siooit Equation................(8) where; Croo1 Conoot aNd Cqoj are concentrations (mg kg ™) of trace

metals in root, shoot and soil, respectively.

Statistical analysis

The square root transformation was used to transform count data to satisfy normality and homoscedasticity. Thereafter, all data generated
was subjected to one-way analysis of variance (ANOVA). Significant treatment means were separated by Fischer's protected Least Significant
Difference (LSD) at 5% level of probability. The simple linear regression model was used to test the relationships among the soil properties,
pollution indices and phytoextraction efficiency of the celosia. In addition, the regression was conducted to identify indices that contributed
most to trace element pollution of soil and bioavailability in celosia tissues. Pearson’s moment correlation analysis (r) was also carried out to
measure the strength of the relationships between the selected soil chemical properties, growth and yield attributes, trace element
concentration and bioavailability in plant tissues. The analyses were performed using GenStat software package 12th Edition (PC/Windows
Vista) (Payne et al. 2009).

Results
Physicochemical characteristics of soil and chicken manure

The soil used in this study was moderately acidic with a loamy sand texture (Table 1). The contents of Co, Cr and Pb were below detection
limits in both the soil and chicken manure. Chemical composition of the chicken manure showed that pH of the CCM was higher than that of
the LCM (Table 1). Calcium and Mg were more than two folds higher in conventional than local manure. Potassium content in the CCM was
also higher than in the LCM but Na in LCM was almost double the content in CCM. Total organic carbon was higher in CCM than in LCM and
vice versa for total N. The C/N ratio of the CCM was higher than that of the LCM. Phosphorus content in CCM was more than double that of
the LCM. Manganese and Cu contents were more than four folds higher in CCM than LCM. The contents of Zn and Cd were also higher in
CCM than LCM. Among the selected trace elements only Fe and Ni were higher in LCM than CCM. Iron was more that 7 folds higher in LCM
than CCM while Ni was 43.9% higher in LCM than CCM (Table 1).

Effects of chicken manure amendments on soil chemical properties

The chemical properties of the soil except Mg, increased significantly in soil amended with CCM over LCM (Table 2). Generally, the soil

chemical properties increased significantly with manure rate. The interaction of sources and rates of manure was also significant on the soil

chemical properties except for exchangeable acidity and Mg (Table 2, Figs. 1, & 2). That is, the sources and the rate affected the soil chemical

properties, the effects of which depended on the rate of manure amendment. Across rates, the soil chemical properties were significantly

higher in soil amended with CCM than LCM except for pH, ECEC and total N at 10, 4 and 6 t ha™, respectively (Figs. 1 a, ¢ &d). In a similar

trend, the trace elements (Cu, Mn, Zn) significantly increased with manure rates and were higher in soil amended with CCM than LCM (Figs.
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2a, b & c). Conversely, the concentration of Fe across manure rates was higher in soil amended with LCM than CCM (Fig. 2d). At the highest
manure rate of 10 t ha™l, the concentration of Fe was 38.8% higher in soil amended with LCM than CCM.

Estimates of soil properties influencing trace element pollution and bioaccumulation in celosia

The linear regression was conducted to model the relationship between soil pH, organic C and ECEC against other soil chemical properties,
trace element pollution and bioaccumulation in celosia. Due to the adjusted best linear model, the interaction of Na, available P, extractable
(Fe, Cu) and soil total Cu contributed to lowering the soil acidity at the rate of 93.80% (p< 0.001) (Table 3). The pH of the amended soil was
estimated that 1 unit increase in the amount of exchangeable Na and extractable Cu would contribute to 0.11 and 0.13 units in soil pH. The
interaction of Al+H, available P, extractable (Mn, Fe, Cu and Zn) was explained at the rate of 96.65% (p< 0.001) (Table 3). The soil organic C
was estimated that an increase of 1 unit in the amount of extractable Mn and Cu would contribute to 1.70 and 1.18 units of the soil organic C
in the amended soil. Interaction of CF-Cd, CF-Cu, CF-Mn and PLI on the ECEC of the soil was at the rate of 92.72% (p< 0.001) (Table 3). It was
estimated that 1 unit increase in CF-Cd, CF-Cu, CF-Mn would contribute to 2.89, 4.74 and 2.41 units, respectively of the soil’s ECEC. Similarly,
the interaction of CF-Cd, CF-Cu, CF-Mn as well as PLI with pH of the amended soil was at the rate of 67.77% (p< 0.001) (Table 3). It was
estimated that 1 unit increase in the amount of PLI would contribute to 2.29 units of the soil pH. The effects of CF-Cu and CF-Mn on the soil
organic C was at the rate of 49.10% (p< 0.001) (Table 3). It was estimated that 1 unit increase in CF-Mn would contribute to 8.02 units of soil
organic C.

The soil properties in respect of pH, ECEC and organic C were also modeled on the assumption that they influence bioaccumulation and
transfer of trace elements in tissues of Celosia argentea. The interaction of TF-Cu, BCF-Mn, BAC-Mn and TF-Mn was at the rate of 85.51% (p<
0.001) (Table 4). It was estimated that 1 unit increase in BAC-Mn would contribute to 0.43 unit of soil pH. The interaction of BAC-Cu, BCF-Mn,
BAC-Mn and TF-Mn was at the rate of 82.42% (p< 0.001) (Table 4). It was estimated that 1 unit increase in BAC-Cu and BAC-Mn would
contribute to 1.09 and 3.96 units of ECEC. The interaction of BCF-Mn, BAC-Mn and TF-Mn was estimated at the rate of 72.45% (p< 0.001) as
shown in Table 4. It was estimated that 1 unit increase in BCF-Mn and TF-Mn would contribute to 3.80 and 6.93 units, respectively of organic
C.

Effects of chicken manure amendments on total and pollution concentration of trace element in soil

The soil total and pollution concentrations of Cd, Cu and Mn were significantly higher in CCM compared to LCM amended soil (Table S1).
Generally, chicken manure amendments significantly increased the total concentration and contamination/pollution factor of the amended
soil over no amendment (Table 5). Across manure rates, the total concentrations of Cd, Cu and Mn were significantly (p < 0.05) higher in soil
amended with CCM than LCM. At manure rate of 4 t ha™, the total concentration of Cd in the soil increased by 103.8 % with CCM and by 66.8
% with LCM over no amendment. The total concentration of Cu in the amended soil increased over no amendment by 24.0 % with CCM and by
21.6 % with LCM. Similarly, Mn in the soil increased over no amendment by 23.6 % with CCM and by 19.7 % with LCM. The highest contents of
trace elements were recorded in soil that received 10 t ha™! of the amendments (Table 5). The CF of Cd, Cu, and Mn also showed that trace
element pollution of the soil was higher with CCM compared to LCM. However, across amendment rates, only Mn has CF value of less than 1.
Further observation on contamination of the soil by Cd, Cu and Mn via indices; TCF, DC, EPI and PLI showed that CCM significantly increased
the soil's trace element than LCM (Fig 3a-d). This study revealed that pollution load of chicken manure amended soil increased significantly
with manure rates over unamended soil. However, there was no significant difference between 4 and 6 t ha™ of LCM on the DC of amended
soil (Fig 3b). The highest pollution indices of the trace elements were recorded at 10 t ha™ of the amendments.

Influence of chicken manure amendments on growth and yield characteristics of cockscomb

The growth and yield characteristics of cockscomb grown on soil amended with chicken manure were significantly higher than in unamended
soil (Figs. 4 & 5). Except for shoot dry weight, there was no significant difference between the growth characteristics of cockscomb grown on
soil amended with CCM and LCM (Table S2). However, significant variation was observed on plant height at 8 t ha™ with CCM contributing the
highest height (Fig. 4a). At 10 t ha™!, the number of leaves and primary branches plant” were significantly higher with LCM than CCM (Figs. 4b
and 4c). The highest plant height, number of leaves and primary branches recorded with CCM at 8 t ha™! were not significantly different from
that of 6 and 4 t ha™'. On the other hand, the highest growth characteristics with LCM which occurred at 10 t ha™ were also not different from
what was recorded at 8, 6 and 4 t ha™ of the amendment (Figs. 4a-c).

Shoot fresh biomass of the vegetable grown in soil amended with manure was significantly higher compared with that from the control soil

(Fig. 5a). Across amendment rates, there were no differences between the two sources of manure. The highest shoot fresh weight recorded at
8t ha™! of the CCM was not different from those at 6 and 10 t ha™ in soil amended with LCM. The dry shoot weight also showed no difference
between the manure sources across rates except at 8 t ha” where CCM gave the highest shoot dry weight (Fig. 5b). There were no differences
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between the CCM and LCM on the root fresh and dry weights except at 8 t ha™ of the amendments. The root fresh and dry weights were
highest in soil amended with CCM at 8 t ha™ and decreased afterwards. Conversely in soil amended with LCM, there were no significant
differences between root fresh and dry weights across amendment rates (Figs. 5¢ & d).

Bioaccumulation of Cu and Mn in celosia

Bioaccumulation of Cu and Mn were significantly higher in root and shoot tissues of celosia grown in soil amended with CCM than LCM
(Table S3). Across manure rates, BAC of Cu in tissue of celosia was significantly higher with CCM than LCM amendment (Fig. 6a). There was
no significant difference in BAC of Cu in celosia from soil with no amendment, 4 and 6 t ha™ of the CCM. But an initial reduction in BAC of Cu
was observed in celosia from soil amended with 4 t ha™ of the LCM (Fig. 6a). Meanwhile, at 6 through 10 t ha™!, BAC of Cu increased
significantly with both amendments although there was no difference between BAC-Cu at 8 and 10 t ha™ in soil amended with CCM.

The BAC of Mn, was significantly higher across rates with both amendments over unamended soil except at 4 t ha™ in soil amended with LCM
where a significant decrease was recorded (Fig. 6b). The BAC of Mn was significantly higher in soil amended with CCM than LCM at4 and 6 t
ha!, above which there was no difference between the amendments. Following the highest BAC-Mn recorded at 6 t ha™!, the BAC decreased
significantly in tissue of celosia at 8 and 10 t ha™ in soil amended with CCM. A similar decrease in BAC-Mn was however recorded at 10 t ha™
in soil amended with LCM (Fig. 6b).

The BCF-Cu was significantly higher across manure rates in soil amended with CCM compared to LCM (Fig. 6c). Celosia grown on soil
amended with 4 and 6 t ha™ of CCM and LCM, respectively were not different significantly in its BCF-Cu from those grown on unamended soil.
The LCM significantly reduced BCF-Cu in celosia tissue at 4 t ha™. The highest BCF of Cu was observed at 8 and 10 t ha™ of the CCM and
LCM, respectively (Fig. 6¢). At 6 through 10 t ha™!, the LCM increased BCF of Cu significantly in the vegetable. Meanwhile, there was no
difference between BCF-Cu in the celosia at 8 and 10 t ha™ of soil amended with CCM. The BCF of Mn which increased significantly with rates
of amendments was highest at 8 t ha™ of both the CCM and LCM and decreased afterwards (Fig. 6d).

The two manure sources responded differently on the TF of Cu and Mn in celosia tissues. While the TF-Cu was significantly higher in celosia
grown on LCM than CCM amended soil, a reverse scenario was recorded with TF-Mn being higher with CCM than LCM (Table S3). The TF-Cu
in tissues of celosia grown in soil amended with 4 t ha™ of the amendments was not different from that of the control soil (Fig. 6e). At 6 t ha™
of the amendments, a significant reduction in TF-Cu was recorded for both the CCM and LCM. The amendments at 8 t ha™ increased TF-Cu
compared to the value recorded at lower rate of 6 t ha™. At 6 and 8 t ha™!, the TF-Cu was significantly higher in soil amended with LCM
compared to CCM. However, at 10 t ha™ of the amendments, there was no difference between the TF-Cu in celosia grown with the two
amendments (Fig. 6e). On the TF-Mn, a significant reduction was recorded in the celosia across amendments rates in comparison with
unamended soil except at 6 t ha™ in soil amended with CCM (Fig. 6f). Hence, TF-Mn in celosia from the amended soil decreased significantly
with rate over the unamended soil. Transfer factor of Mn was significantly higher in celosia grown in soil amended with CCM than LCM
across amendments rates except at 8 t ha™'. Meanwhile the lowest TF-Mn was recorded at 6 and 8 t ha™ in soil amended with LCM and CCM,
respectively.

Concentration and phytoavailability of trace element in celosia tissues

Mean concentration and potential available contents of Cu and Mn in root and shoot tissues of the celosia were significantly higher in CCM
than LCM amended soil. Among the trace elements studied, only Cd was below the detection limit of 0.002 mg kg™’ in shoot and root tissues
of celosia (Table S4). Concentrations of the trace elements were significantly higher in tissues of celosia grown in chicken manure amended
soil compared to unamended (no fertilization) soil. The concentrations of Cu and Mn across rates were also higher in tissues of celosia grown
on soil amended with CCM than LCM (Figs. 7a-d). The highest concentration of Cu was recorded in root and shoot tissues at 10 t ha™ of the
amendments (Figs. 7a and 7b). Mean concentration of Mn was highest in the celosia shoot grown in soil amended with CCM and LCM at 6
and 8 tha™, respectively (Fig. 7c). In the root however, concentration of Mn was highest at 8 t ha™ of the amendments (Fig. 7d).

Unlike tissue concentration of the trace element, there were no differences between CCM and LCM across rates except at 8 t ha™ on the
uptake or potentially available contents of Cu and Mn in the celosia tissues (Figs. 7e-h). The highest Cu and Mn were taken up by the root and
shoot tissues of the vegetable at 8 t ha™ with a significant decline at 10 t ha™ in soil amended with CCM. However, in soil amended with LCM,
the highest uptake of Cu and Mn by the root and shoot was comparable at 8 and 10 t ha™ of the amendment. Only the celosia shoot showed
the highest uptake of Cu which was significantly higher than other rates at 10 t ha™ (Fig. 7e). Meanwhile, across rates except at 8 t ha™ there
were no differences between CCM and LCM on uptake of Cu by the root (Fig. 7). Uptake of Mn by celosia shoot increased significantly with
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rate in soil amended with CCM over unamended soil (Fig. 7g). A similar increase was recorded with rates except at 4t ha™ in soil amended
with LCM over unamended soil. The pattern of Mn uptake by the root was similar to that of the shoot (Fig. 7h) with both amendments.

Correlations of growth, yield and concentration of trace element in soil and tissues of celosia

Significant positive relationships were found among the growth, yield characteristics, soil and tissue concentrations as well as potentially
available contents of the trace element in celosia (Table 6). As the total concentration of trace element in soil amended with chicken manure
increased, a proportional increase in growth, yield and bioaccumulation of the trace metals in celosia tissues was recorded.

Correlation coefficients of the selected soil properties, TF, root and shoot uptake of Cu and Mn as well as bioaccumulation of Cu and Mn in
tissues of celosia are shown in Table 7. Soil pH significantly and directly influenced ECEC, root-Cu uptake, root-Mn uptake, shoot-Cu uptake,
shoot-Mn uptake and bioaccumulation of Cu and Mn in celosia tissues. Meanwhile, the pH was inversely related with TF of the trace elements
with a significant negative relationship with TF-Cu (r = -0.79™) while the relationship was not significant with TF-Mn. Soil organic carbon was
significantly and negatively correlated with ECEC (r = -0.49™) and BCF-Mn (r = -0.50") but strongly and positively correlated with TF-Mn (r =
0.85™). Although the correlations between organic carbon, uptake and bioaccumulation of Cu and Mn were not significant, an inverse
relationship exists amongst them. Effective CEC of the soil was significantly and negatively related with TF-Cu (r = -0.55™) and TF-Mn (r =
-0.44%). Our observation showed that TF of both Cu and Mn were significantly and negatively correlated with the tissue contents, uptake as
well as with bioaccumulation potentials. The contents of trace element in root and shoot tissues were significantly and directly related to the
uptake and bioaccumulation potentials of the celosia.

Discussion

The alkaline pH of CCM than LCM was a reflection of the composition of feed the chicken fed on. This is because feeds of egg laying birds
are often high in mineral elements such as Ca, Mg, K and P which might have contributed to the calcareous nature of the CCM. Although the
organic carbon was higher in CCM than LCM, the lower N content in CCM than LCM could be due to loss of N from volatilization in CCM
during air-drying. The higher contents of Fe and Ni in LCM than CCM can be traced to small stones and pebbles on which local chicken picked
from the surrounding soils during feeding. Conversely, high concentrations of Mn, Cu, Zn and Cd in CCM can be linked to the residues from
feeds and drugs given to chicken raised in cages. Previous studies have traced high content of trace element in poultry manure to feeds and
drugs administered on poultry birds (Zhang et al. 2005; Van Zanten et al. 2014; Oguntade et al. 2019). Other trace elements such as Co, Cr
and Pb in this study were below the detection limits in both the CCM and LCM.

The increased chemical properties of soil amended with CCM than LCM can be explained by the higher elemental contents of CCM than LCM.
Similarly, higher content of Fe in soil amended with LCM over CCM can be attributed to high concentration of Fe in the LCM. Thus, the
difference in sources of the chicken manure of different composition must have contributed to variations in chemical properties of the
manure amended soil. This is in consonance with the observation of Liu et al. (2021) that farmland soils that received pollutants from
different sources varied in its properties including trace elemental contents. In this study, the chicken manure amendments increased nutrients
(macro and micro) status of the amended soil with rates compared with unamended soil. Kobierski et al. (2017) have also found increased
soil chemical properties in soil fertilized with poultry manure.

Furthermore, the regression analysis of soil pH, organic C and ECEC showed that the nutrient and trace element load in the amended soil
increased significantly over the unamended soil. Our observation of the linear regression model revealed that Na, Cu and PLI contributed more
to the increased pH of amended soil. Thus, the increased pH of the amended soil impacted; greatly in enhancing PLI of the trace element,
moderately on the extractable Cu and to a lesser extent on the exchangeable Na. In this study the PLI modified pH of the amended soil by 2.29
units to minimize contamination factors of Cd, Cu and Mn. In a similar study, Kim et al. (2016) observed integrated pollution index (IPI) as a
useful tool for minimizing effects of the differences in trace element contamination apart from monitoring changes in the soil pH. The effect
of increased pH of the amended soil on Na* and Cu?* could also be due to sorption of the ionic forms of these metallic elements by soil
organic carbon pool. According to Basta et al. (2004) sorption of metallic element by soil organic matter increased with pH because bonding
with ionized functional group are preferred with increased pH.

Extractable (Mn, Cu) and CF-Mn were more effective in modifying the organic C content of the soil. This showed that the trace elements
competitively sorbs on to the surfaces of the organic C such that Mn was being greatly attracted than Cu. This could be due to oxidation
states of +2 for both Mn2* and Cu?* with which they were bounded to organic ligands as pH of the amended soil increased (Tchounwou
2012; Alloway 2013). Studies have also shown that trace metal cations such as MnZ* and Cu?* because of their properties and higher affinity
for organic matter or carbon they tend to sorb on to surfaces of organic ligands (Basta et al., 2004) (Zhang et al., 2015).
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The regression also showed that CF-Cd, CF-Cu and CF-Mn play significant role in enhancing ECEC of the amended soil. The adsorption
affinities on the ECEC was in the order of CF-Cu > CF-Cd > CF-Mn. Being divalent cationic elements (Cd?*, Cu?* and Mn?*) their valencies and
adsorption tendencies could have made their contamination factors significant at the cation exchange site (Liu et al. 2021). Thus, the
chemical behaviour of the trace elements could have made them form complexes as in Cd2*, bound to surfaces as in Cu%* or exist in
exchangeable form as in Mn?2* at the cation exchange site (Alloway, 2013; Rinklebe and Shaheen 2014; Shaheen et al. 2016; Shaheen et al.
2017; Tchounwou et al. 2012). In this study, we can therefore predict toxicity of Cu in the amended soil since it has the most significant effect
in enhancing the soils ECEC. This is because studies have identified ECEC as the best indicator for predicting toxicity of Cu in soils (Shaheen
et al. 2017; Tchounwou et al. 2012).

On the prediction of which of the bioaccumulation factors were most effective on the selected soil properties, it was observed that BAC-Mn

notably decreased in celosia tissue at 6 and 8 tha™"

in soil amended with CCM and LCM, respectively. This showed that the increased soil pH
and organic C content at higher manure rate have immobilized Mn?* from bioaccumulating in the shoot tissue due to adsorption in the
amended soil (Beiyuan et al. 2017) (Palansooriya et al. 2020). Our observation is in consonance with the assertion that increased soil pH is
an essential factor in reducing metal bioavailability in organically amended soil (Lan et al. 2020) (Saengwilai et al. 2020). It was also noted
that BAC-Cu and BAC-Mn were more important in enhancing ECEC of the amended soil. This indicated that Cu?* and Mn2* have strong
binding potentials for adsorption on the surfaces of negatively charged organic molecules which enhanced the ECEC. Reports have shown
that one of the reasons for higher adsorption ability of trace metal on manure amended soil as may be reflecting on ECEC was the presence
of larger number of adsorption sites. Or it may be due to the functional groups like phenolic, carboxylic, lactonic, aromatic and amino-groups

of the organic particles (Fletcher and Beckett 1987; Choppala et al. 2013; Zhang et al. 2015).

The linear regression model also showed that BCF-Mn and TF-Mn have higher linear correlation with organic C of the amended soil. This
observation indicated that organic C largely enhanced mobility of MnZ* from the amended soil via the root to shoot tissues of celosia. This
was probably due to presence of dissolved organic C in the amended soil. One of the most important factors determining mobility of trace
metal in soils is the content of organic C that may have dissolved from the organic amendments (Kunhikrishnan et al. 2017; Chen et al. 2019).

The higher total concentration of trace element in soil amended with CCM compared to LCM was a reflection of high content of trace element
in the former. It has been established that manure from chicken birds under intensive management, fed with concentrates and treated with
veterinary drugs have traces of trace metals in their droppings (Zhang et al. 2012)(Oguntade et al. 2019). The CF of Cd, Cu, and Mn also
showed that CCM contributed to higher pollution of the amended soil by the trace element than LCM. However, across rates of amendments,
only Mn with CF value of less than 1 indicated low pollution. The unamended soil was moderately polluted with Cu having 1 < CF = 3. The
amended soil was considerably polluted with Cu because it falls in the CF class of 3 < CF = 6 while it was very highly polluted with Cd due to
its CF > 6 (Gong et al. 2008) (Goher et al. 2014). The DC of the amended soil showed that the soil was moderately contaminated with the
selected trace elements according to Gong et al. (2008). However, the unamended soil with PLI of more than 2 units was also moderately
contaminated. This could be attributed to the inherent properties of the soil which is a function of the soil’s geological forming factors (Dung
et al. 2013). Although the soil used for this study was moderately contaminated according to Tomlinson et al. (1980), the chicken manure
amendments have led to severe contamination of the amended soil. Therefore, soil amendment with chicken manure above 6 tha™'
especially with CCM that gave PLI = 5 which showed extreme contamination in this study should be avoided. This is a caution necessary to
minimize trace element transfer across the food chain when cultivating vegetables in soil amended with chicken manure. This is because
enrichment of soil with organic amendments can contribute to trace metal load in agricultural soils (Su et al. 2014); (Kowalska et al. 2018).

The optimum growth and dry matter yield of celosia at 8 and 10 t ha™ " in soil amended with CCM and LCM, respectively could be due to the
nutrient and organic C contents of the amendments. The rich nutrient and organic carbon/matter contents of the manure amendments must
have modified the physical, chemical, biological and nutritional properties of the soil to increase plant growth (Bolan et al. 2014; Zhang et al.
2015). Although optimum yield was recorded at higher rate, the impact of PLI which enhanced soil pH at higher manure rate reflected trace
element contamination of the amended soil. According to (Kalavrouziotis and Koukoulakis 2012), dry matter yield of plant was a reference
point in determining extent of soil pollution through CF or PLI. In pot culture such as in this study, it is therefore economical and will be
healthier to grow celosia in soil amended with lower rate of chicken manure than higher rate. Since growth and yield recorded at 4 t ha™" of
the amendments are comparable to the optimum recorded at 8 and 10 t ha™ ', it is imperative to choose lower amendment rate with lowest
possible pollution potentials to reduce trace element load in amended soil and possible transfer to the food chain.

Generally, the increased BAC and BCF of Cu and Mn in tissues of celosia grown on soil amended with chicken manure especially at higher
rates compared with unamended soil indicated phytoavailability of these trace elements. The initial reduction in BAC-Cu in celosia tissues at 4
tha™ " of the amendments was a manifestation of the chelation-induced effects of the organic amendments (Smolinska 2015) (Huang et al.
2016). Meanwhile, the increase in both BAC-Cu and BCF-Cu at higher rate of 8 and 10 t ha™" could be due to formation of soluble trace metal-
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organic complexes (Smolinska 2015) (Huang et al. 2016). Our observation was similar to the outcome of field study on Cd mobilization and
phytoavailability in soil amended with composted chicken manure by Li et al. (2016). They found a decreased Cd phytoavailability at lower
amendment rates (< 54 t ha™") but an increased Cd phytoavailability at higher rates (>108 t ha™ ") attributed to formation of soluble metal-
dissolved organic carbon complexes in the soil. In this study, unlike BAC-Cu, the decreased BAC-Mn in celosia occurred at rates (>6 tha™') in
CCM and rates (>8 tha™ ") in LCM amended soils. This was probably due to differences in the chemical behaviour of Cu?* and Mn?* in the
amended soil. Or it may be as a result of increased soil pH among other factors (Alloway 2013; Shaheen et al. 2017). It showed that
phytoavailability of the trace elements in celosia varied with sources of the chicken manure amendments. Therefore, the dosage rate of
manure amendment as well as its quality in terms of the potential dissolved organic carbon should be considered to reduce solubility of trace
element in soils for subsequent availability for plant uptake.

The higher TF-Cu in celosia with LCM than CCM especially at 6 and 8 t ha™ " showed that LCM promoted mobility of Cu?* via the tissues
significantly compared to CCM despite the content of Cu in the CCM. Conversely, higher TF-Mn in celosia grown with CCM than LCM across
rates indicated that CCM promoted mobility of Mn?* compared with LCM. This then showed that mobility and phytoextraction potentials of
the trace elements is not only dependent on the content but also on the type of trace element and sources of manure amendments. This
perhaps could be due to variations in the concentrations of dissolved organic carbon/matter released into the soil solution as pH of the
amended soil increased. It was evident in this study as shown by the regression model that organic C contributed most to the decreased TF-
Mn in the vegetable. The concentration of organic matter released into the soil solution has been recognized as a key factor that determines
trace metal mobility due to its affinity to organic materials at increased pH (Grybos et al. 2007). Meanwhile, the significant reduction in TF of
the trace elements at 6 t ha™! of the amendments indicated the optimum rate at which Cu?* and Mn2* were most chelated by these
amendments.

Higher concentrations of Cu and Mn in tissues of celosia grown on soil amended with CCM compared with LCM was due to the contents in
the amendments. Similarly, higher uptake of the trace elements in tissues of celosia grown on soil amended with CCM compared with LCM
was also evidence. The significantly increased concentration and uptake of Cu and Mn in root and shoot tissues of celosia grown on the
amended soil across rates compared with unamended soil showed that the trace elements in the amendments were taken up by the
vegetable. Since shoot is the edible part of celosia, emphasis was on the trace element taken up by the shoot tissue. The highest uptake of
Cu?* and MnZ* at 8 t ha™! of the amendments showed the highest rate at which solubility of these cationic elements was optimum. Above
which there was decreased uptake by the vegetable particularly in soil amended with CCM. This further confirmed our earlier observation in
this study that at 8 t ha™ ', the amendments immobilized the trace elements. The increased soil pH and the soluble portion of organic
amendments were perhaps the key factors responsible for the immobilization and hence reduced uptake of Cu?* and Mn2* by the vegetable
at 10 tha™". Bolan et al. (2003) and Zhang et al (2015) have reported solubility and phytoavailability of trace metals in soil and crop,
respectively as a function of factors like; content of the trace metal in soil, its affinity to organic materials and the amount of dissolved
organic matter. Hence, the significant reduction in uptake of trace elements at 10 t ha™! by CCM compared to LCM affirmed the contributory
role played by the content of the trace elements which were higher in CCM than LCM.

The relationships among the growth, yield and uptake of the trace elements indicated that significant amount of Cu and Mn taken up by
celosia from the amended soil actually contributed to the growth and yield which in turn enhanced uptake. Our observation in this study
justified the essentiality of these trace elements in growth and development of celosia. In a previous study by Oguntade et al. (2019), a
significant correlation was reported between the growth, yield and uptake of Cu and Mn by Jute mallow (Corchorus olitorius), a similar leafy
vegetable. Hanc et al. (2008) had also reported that close relationship exists between Cu taken up by oat and its biomass yield. The well
correlated relationships found between concentration of trace elements in soil and in root-shoot tissues as well as uptake could be an
indicator of phytoavailability of these trace elements.

However, the inverse relationship between soil pH and the TF showed that increased pH of amended soil mitigate TF of the trace elements in
tissues of celosia. Unlike in unamended soil, high pH of the amended soil must have contributed to adsorption of cationic trace elements
(Cu?* and Mn?*) onto the surface of organic particles thereby restricting phytoavailability and hence translocation which resulted in reduced
uptake. Studies have shown that plant uptake of trace element ions by a growing vegetables was restricted at high soil pH due to adsorption
on clay minerals surfaces (Kim et al. 2016)(Liu et al. 2021). The organic particles of the amendments and clay minerals have similar colloidal
negatively-charged surfaces which attracts cationic elements.

The negative relationships between Organic C, ECEC and BCF-Mn showed that the increased organic C content of the amended soil reduces
potential ECEC such that proportion of the trace elements at the soil exchange site decreased significantly. Similarly, BCF-Mn decreased
significantly which indicated that the amendments restrain mobility of Mn from the soil via root of celosia. Animal wastes such as cow dung,
pig manure and poultry manure used as soil amendments have been noted to suitably reduce mobility of potentially toxic elements in soils
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(Bolan et al. 2003)(Palansooriya et al. 2020). Meanwhile, the root to shoot translocation of Mn was enhanced by the organic C as signified by
the positive relationships that exist between the organic C and TF-Mn in this study.

The significant negative relationships among ECEC, TF-Cu and TF-Mn could be due to influence of soil-plant barriers towards reducing
translocation of the trace elements into the edible shoot of the vegetable. According to Basta et al. (2005) soil-plant barriers hinders
translocation of trace metal via the food chain either by chemical processes that limit solubility in soils (soil barrier) or by senescence
resulting from phytotoxicity in plants (plant barrier). They opined that translocation of trace elements such as Au, Ag, Hg, Si, Ti, V and Zr that
were highly insoluble or strongly adsorbed to soil or plant roots are limited by soil barrier. Whereas trace elements such as As, Cr, Cu, F, Mn, Ni
and Zn which often cause phytotoxicity in plants before accumulation levels in edible parts of plants considered harmful to man, are limited
by plant barrier. Therefore, the positive relationship that exists between ECEC, concentration and uptake in the root and shoot as well as on
bioaccumulation of Cu and Mn in celosia tissues showed that these attributes were enhanced at the soil exchange site.

The inverse relationship found among TF of Cu and Mn with the tissue concentrations and uptake as well as phytoextraction efficiency of
celosia showed that root-shoot translocation of the trace elements was restricted. This means that availability of the trace elements in the
edible shoot of celosia decreased significantly. However, a significant positive relationship amongst the concentrations, uptake and
phytoextraction potentials of Cu and Mn by celosia implies that the higher the trace metal loads of soil, the higher the potential of uptake and
bioaccumulation in celosia tissues. Although mobility of Cu and Mn were restricted by root and shoot, it is evident that celosia tissue was
effective in enhancing soil-plant movement of Cu and Mn in this study.

Conclusion

Soil amendment with chicken manure from different sources enhanced soil pH, organic C and ECEC to modify trace element pollution of
amended soil. Amendment with CCM contributed significant amount of trace elements (Cu, Cd and Mn) to soil pollution indices compared to
LCM. Contamination factor and PLI contributed most to trace element pollution of the amended soil. Trace element pollution of amended soil
increased with chicken manure rates over unamended soil. Soil-plant mobility and availability of trace element were mitigated by manure
amendments. Trace element transfer from soil via the root to shoot tissues depends not only on total concentration in soil but also on the
type of element and sources of chicken manure involved. Phytoextraction potentials of Cu by celosia were higher compared to Mn. Soil

amendment with chicken manures above 6 t ha™ ' is not encouraged to avoid buildup of trace element in soils and its subsequent transfer to
food crops.
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Properties Soil Chicken manure

unit Conventional Local unit
pH a573 39.86 a7.47
Calcium ©7.58 cmol kg’ °15.00 %.10 g kg
Magnesium °3.60 cmol kg™! ©23.40 °g.70 g kg’
Potassium ©0.22 cmol kg’ ©7.10 .70 g kg’
Sodium ©0.35 cmol kg™ €2.10 ©4.00 gkg™
Exch. Acidity bo.11 cmol kg! - .
ECEC ©11.86 cmol kg™ . .
Base saturation €99 07 % - .
Total Org. C. d21.50 g kg’ f163.10 f141.90 g kg
Total N 173 gkg' €39.80 €41.70 g kg’
C/N ratio ; 4.10 3.40
Phosphorus fg 38f mg kg™ f4.00 f2.00 mg kg
Manganese 93965 mg kg ch785.00 ch166.00 mg kg™
Iron 9hgo 90 mg kg”! ©h738.00 ©N5300.00 mg kg’
Copper gh1 19 mg kg’! ch266.40 ¢h56.10 mg kg’
Zinc 9h7.51 mg kg ch24.20 ch554.60 mg kg
Cobalt chppL mg kg chgpL chBDL mg kg
Nickel 99.91 mg kg’ ©h3.30 ©h4.75 mg kg’
Chromium chgpL mg kg’ chpDL ©hBDL mg kg
Cadmium 97.31 mg kg’ ch18.10 ¢h17.50 mg kg™
Lead ehBDL mg kg chBDL °hBDL mg kg
Sand i866.00 g kg’ . i
Silt '54.00 gkg™ - )
Clay '80.00 gkg™ : )

Textural class Loamy sand

BDL = below detection limits of 0.05,0.003 and 0.04 mg kg™ for Co, Cr and Pb, respectively. @McLean et al. (1982); bAnderson and
Ingram (1993); “Udo et al. (2009); dwalkley and Black (1934); ®Bremner and Mulvaney 1982; 'Nelson and Sommers 1996; 9Hseu et al.,
2002, "Sastre et al., 2002; ‘Bouyoucos 1962
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Sources of
Variation

Manure (M)
Conventional
Local

(sig.)

LSD

Rates (R)

0 (control)
4 (tha)

6 (tha™)

8 (tha™)

10 (tha™)
(sig.)

LSD

Interaction

M xR

LSD

pH

6.08
593

0.02

5.77
6.00

6.12
6.10

6.02

0.04

*kk Kk

Total
N
(gkg™)

0.75
0.56

0.07

0.65
0.80

0.55
0.60
0.68

*%

0.11

*k

0.16

Org.
C

6.30
415

*kk

0.13

8.07
5.48

475
3.62
4.22

*kk

0.20

*kk

0.28

Avail P

12.88
10.82

Fokk

0.08

7.09
9.97

12.64

14.16

15.39

*kk

0.13

ok

0.19

Al+H Ca K
(cmol kg™

013 6.99 0.18
0.14 6.31 0.14
0.01 0.07 0.01
0.11 5.58 0.10
0.13 6.12 0.12
0.13 6.48 0.15
0.14 6.79 0.18
0.14 828 024
0.01 0.10 0.01
ns *kk *%
0.01 0.15 0.02

Mg

3.55
3.43

ns

0.13

3.08
3.32

3.53
3.62

3.91

0.21

ns

0.30

™" = significant at p< 0.001, 0.0, respectively; ns = not significant

Na

0.70
0.81

0.01

0.31
0.81

0.92

0.94

0.80

0.02

ECEC

11.54
10.82

0.17

9.16
10.51

11.20

11.66

13.37

0.38

Extractable

Cu Fe
(mg kg™)
1.56  3.01
1.15 3.60
0.03 0.03
0.64 1.67
1.17 3.33
1.42 343
1.64 3.85
190 4.25
0.05 0.05
0.06 0.07

18.91
14.54

Fokk

0.18

9.77
14.19

16.90

19.96

22.81

*kk

0.28

*kk

0.40

Zn

1.26
0.93

ok

0.03

0.40
0.99

1.10

1.37

1.60

*kk

0.04

ok

0.06

Table 3 Linear regression model of soil pH, Org.C and ECEC influencing soil elemental composition and pollution indices
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Soil properties  Model building  R-Sq Final model equation
(%)
pH X1:Na 93.80 =1.0779+0.10678 X1-0.0547 X2-0.07369 X3+0.1301 X4-0.1863 X5
X2:Avail.P
X3:Extract. Fe
X4:Extract. Cu
X5:So0il T.Cu

Org.C X1:Al+H 96.65 =2.599-0.456 X1-2.659 X2+1.699 X3-0.924 X4+1.183 X5-0.441 X6
X2:Avail.P
X3:Extract. Mn
X4:Extract.Fe
X5:Extract. Cu
X6:Extract.Zn

ECEC X1:CF-Cd 92.72 =-0.630+2.885 X1+4.74 X2+2.412 X3-8.41 X4
X2:CF-Cu
X3:CF-Mn
X4:PLI

pH X1:CF-Cd 67.77 =1.0666-0.734 X1-1.197 X2-0.429 X3+2.294 X4
X2:CF-Cu
X3:CF-Mn
X4:PLI

Org.C X1:CF-Cu 4910 =3.737-10.76 X1+8.02 X2
X2:CF-Mn

ECEC = effective cation exchange capacity

Table 4 Linear regression model of soil pH, Org.C and ECEC influencing bio-concentration and transfer factor of trace element
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pH

Soil properties

ECEC

Org.C

Model building

X1:TF-Cu

X2:BCF-Mn

X3:BAC-Mn

X4:TF-Mn

X1:BAC-Cu

X2:BCF-Mn

X3:BAC-Mn

X4:TF-Mn

X1:BCF-Mn

X2:BAC-Mn

X3:TF-Mn

R-Sq Final model equation

(%)

85.51 =1.422-0.0722 X1-0.351 X2+0.427 X3-0.421 X4

82.42  =4.551+1.094 X1-4.157 X2+3.955 X3-4.442 X4

7245 =-6.03+3.80 X1-3.70 X2+6.93 X3

ECEC = effective cation exchange capacity

Table 5 Mean total concentration and contamination factors of Cadmium, Copper and Manganese in soil amended with chicken manure

Manure Rate

0 (control)
4 (tha)
6 (tha™)
8 (tha™)

10 (tha™)
LSD

Total soil Cd

mg kg!

CCM LCM
1.873" 1.877"
3.817F  3.1309
49079  3.2479
5.907°  4.600°
6.410°  5.600°
0.145

Total soil Cu
CCM LCM
10.089  10.039
12.50¢  12.20f
12.95° 12.63¢
13.28° 12.87°
14298 12.95°
0.120

Total soil Mn

CCM LCM
24949  250.99
308.2¢  300.3f
318.9¢d  306.4¢
339.8>6 31544

365.22 321.3°
4.219

CCM = Conventional chicken manure; LCM = Local chicken manure

CF-Cd

CCM
53.5"

109.0f
140.24
168.8°

183.12
4.129

LCM
53.6"
89.49
92.89
131.4¢

160.0¢

CF-Cu

CCM
2.5089
3.126°
3.238¢
3.319°

3.5722
0.030

LCM
2.519

3.049f
3.158¢
3.217¢

3.237¢

Means in the same column having different letters are significantly different using Fischer's protected LSD (g g5),

CF-Mn

CCM
0.2279
0.280°
0.290¢
0.309°

0.332°
0.004

LCM
0.2289
0.273f
0.279¢
0.287¢

0.292¢

Table 6 Relationships between growth, yield, concentration and uptake of trace element by celosia grown on soil amended with chicken

manure
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No of
primary
braches

No of leaf

Plant
height

Root
DMY

Shoot Cu-
uptake

Shoot Cu

Shoot
DMY

Shoot
Mn-
uptake

Shoot Mn

Total soil-
Cd

Total soil-
Cu

Total soil-
Mn

No of
primary
braches

0.97™

*kk

0.97

0.68™

0.72"

0.53™

0.79™

0.76™

0.70™

0.65™

071"

0.66™

No of
leaf

Fkk

0.96
071"
0.71™

0.52™

0.76™

0.75™

0.69™

0.63™

0.68™

0.63™

Plant
height

cm

Fkk

0.75

0.78™

0.57"™

0.84™

0.82"™

0.73™

0.68™

0.71™

0.67™

Root
DMY

0.76™

0.64™

0.75™

0.75™

0.63™

0.66™

0.64™

0.65™

*** significant at p< 0.001; DMY = Dry Matter Yield

Shoot
Cu-
uptake

mg plt’

0.81™

0.97™

0.96™

*kk

0.76

0.82"™
077"

0.80™

Shoot
Cu

mg
1

0.67"™

0.70™

*kk

0.74

0.97™

0.89™

0.93™

Shoot
DMY

0.97™

*kk

0.74

0.72™

071"

0.72™

Shoot
Mn-
uptake

mg plt
1

Kkk

0.85

0.76™
071"

0.73"

Shoot
Mn

mg
kg™

0.82™
0.79™

0.78™

Total
soil-
Cd

mg kg’

0.91™

0.94™

Total
soil-
Cu

0.99™

Total
soil-
Mn

Table 7 Relationships between soil properties, metal transfer, uptake and bioaccumulation in tissues of celosia at 6 WAS
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pH
Org C.
ECEC
TF-Cu
TF-Mn

Root-
Cu
uptake

Root-
Mn
uptake

Shoot-
Cu
uptake

Shoot-
Mn
uptake

BAC-
Cu

BAC-
Mn

BCF-Cu

BCF-
Mn

pH

-0.24"

*%

0.56
0.79™
-0.29"s

0.71™

0.74™

0.78™

0.86™

0.38"

0.81™

0.69™

0.83™

Org C.

-0.49™
0.13"s
0.85™

-0.28"¢

-0.33"

-0.31"

-0.22"

-0.14"

-0.02"s

-0.13"8

-0.50"

ECEC

-0.55™
0.44"

0.64™

0.58™

0.70™

0.59™

0.75™

0.35"s

0.74™

0.52™

TF-Cu

0.06"s

Kkk

-0.65

*kk

-0.61

*kk

-0.62

*kk

-0.70

kk

-0.47

*kk

-0.71

*kk

-0.86

*kk

-0.61

TF-Mn

0.37"

0.45"

0.44"

-0.307¢

-0.22"

0.06"s

-0.13"8

-0.53"

Root-
Cu

uptake

0.98™

0.79™

0.77"™

0.64™

0.50"

0.74™

Fkk

0.64

Root-
Mn

uptake

0.80™

0.80™

0.56

0.55"

0.67™

0.73™

Shoot-
Cu
uptake

0.96™

0.66™

0.57"

0.74™

0.73™

Shoot- BAC-
Mn Cu
uptake

0.53"

0.73™ 0.34"s
0.72™ 0.85™
0.79™  0.43"

*&k &% % = Gjgnificant at p< 0.001, 0.01, 0.05, respectively; ns = not significant; WAS = weeks after sowing

Figures
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Figure 1

Effects of sources and rates of chicken manure amendments on soil chemical properties
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Figure 2

Effects of chicken manure sources and rates of amendments on soil trace element
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Figure 3

Pollution indices of Cd, Cu and Mn in soil amended with chicken manure
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Figure 4

Effects of chicken manure amendments on growth of celosia at 6WAS
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Figure 5

Effects of chicken manure amendments on yield of celosia at 6 WAS
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Figure 6

Bioaccumulation of trace element in Celosia argentea grown on soil amended with chicken manure
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Figure 7
Concentrations and uptake of Cu and Mn by root and shoot tissues of Celosia argentea grown on soil amended with chicken manure
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