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ABSTRACT

	Cow dungs and poultry wastes (organic supplements) were co-applied with Micrococcus sp. (plant growth promoting rhizobacteria), both individually and in consortium. This was aimed at understanding their effects on bioremediation of Zn-polluted soil and the growth of corn seedlings cultivated on it. After a period of treatment and growth, different parameters of the soil, and corn seedlings growth on them, were analyzed. Results revealed that the pH, OC and SOM contents of soil samples amplified at the end of treatment period, excluding the control samples. Samples treated with poultry wastes and Micrococcus sp. only, recorded 18.64%, 21.01% and 26.00% increase in pH and 114.12%, 131.68% and 147.93% increase in OC at 33.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg Zn pollution respectively. Also, dehydrogenase activity (DHA) increased in all the treated soil samples, unlike in control samples, with Zn-polluted soil samples treated with a combination of poultry wastes and cow dung producing the highest change in DHA. The recorded number of leaves was highest in seedling grown on samples treated with cow dung, which recorded 13.3±0.9, 13.7±0.5 and 13.3±0.5 leaves per stand at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. The highest concentration of total chlorophyll was found in seedling on samples treated using a consortium of cow dung and poultry wastes. Bioaccumulation of Zn was observed as roots>leaf>stem. Thus, these amendments produced varying effects on various parameters of polluted soil and corn seedlings. The overall positive result observed in this study resulting from a combination of one or more of the amendments (organic supplements or PGPRs) indicate their ability to annul or reduce stress due to Zn heavy metal pollution. 
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1. INTRODUCTION

Although heavy metals are found naturally in varying amounts throughout the ecosystem, anthropogenic sources like as exploration, mining, burning of petroleum products and electroplating, have heightened their concentrations in all components of the ecosystem (Anuforo et al., 2020a). The spread of heavy metals occur through a variety of routes, including the food chain, surface runoff, and atmospheric deposition. They also take on several chemical forms, including exchangeable, carbonate-bound, iron manganese oxide-bound, organic-bound and residual (Zhu et al., 2019).

Heavy metal accumulation in the environment poses a hazard to soil, plant, animal, and human fertility since it is highly poisonous, carcinogenic, mutagenic, and teratogenic. In humans, heavy metal consumption and inhalation can harm the genetic makeup, mental health, and the central nervous system. Direct contact with heavy metals may also raise the risk of cancer in humans (Anuforo et al., 2020b; Leong & Chang, 2020). Heavy metals also have an adverse effect on the biological dynamics of the rhizosphere niche. Heavy metals in plants can affect nucleic acid structure, enzyme function, and as well as hinder the transport and absorption of critical metals from their normal binding sites, leading to deficiency and nutrient imbalance (Devi et al., 2022).

Reports have shown that many kinds of bacteria have the ability to biostimulate the cleanup of heavy metal-polluted soils. Rhizosphere bacteria aid in plant phytoremediation by increasing metal absorption and transport in root tissues (Fasani et al., 2018). Pseudomonas, Flavobacterium, Alcaligenes, Corynebacterium, Achromobacter, Micrococcus, Mycobacterium, Nitrosomonas, Xanthobacter, Bacillus and Enterobacter sp. are among the microorganisms that have been investigated (Riseh et al., 2023). Their exceptional biosorption ability stems from their high surface-to-volume ratio and probable active chemisorption sites (teichoic acid) on their cell wall (Mosa et al., 2016). Soil microorganisms that interact with plants as well as are sensitive to heavy metals have the capacity to sequester them, and this makes them potential bioremediation mediators (Abedi, Gavanji, & Mojiri, (2022). Plant cells can collect metal ions in their cell walls and vacuoles after chelation with metallothioneins, phytochelatins, amino acids, phenols and pectins, due to their tolerance mechanisms. Furthermore, tolerance techniques involve proteins that participate in metal detoxification, stress, signal transduction, and ROS signaling (Hejna et al., 2021).As the pH of the soil decreases, the metals cadmium (Cd), copper (Cu), lead (Pb), and zinc (Zn) become more soluble, mobile, and absorbed by plants (González & Ghneim-Herrera, 2021). High level of organic matter in the soil decreseaes the amounts of heavy metals absorbed by plants due to active binding of organic matter to the heavy metals (Prasad, Shivay, & Mandi, 2022)

Extensive search of available literature indicates dearth of information on recent studies involving the co-application of animal wastes and Micrococcus sp. to facilitate the bioremediation of zinc polluted soil. Thus, the aim of this study was to co-apply animal wastes and Micrococcus sp. in bioremediation of Zn-polluted soil and analysis of their effects on corn seedlings.

2. material and methods

2.1 Collecting and processing animal waste and soil samples
Samples were collected from fertile soil at the Federal University of Technology, Owerri (FUTO), Nigeria, at a depth of 0-30 cm using a thoroughly cleaned soil auger and packaged in surface-sterilized plastic bags. Before testing for fundamental physicochemical properties, the soil was dried, crushed, and sieved through a 0.25 mm mesh sieve. Additionally, cow dung (A1) and poultry excrement (A2) were collected from FUTO Farms' Poultry Unit, dried, crushed, and stored in a sterilized plastic container.

2.2 Preparation of an isolates
Micrococcus sp., employed as plant growth promoting rhizobacteria (PGPR), was isolated by inoculating Bushnell-Hass agar media with 0.1 mL of 10-8 serially diluted 1 g of soil sample collected from FUTO Farms. Before being examined, the inoculated plates were incubated at 37 °C for 24 h. Gram staining was carried out using colonies suspected of having yellow and red pigments. Gram-positive cocci grouped in irregular clusters or tetrads but without spores were spread on fresh nutrient agar slants and used for further identification. The method of Santhini et al. (2009) was adopted for the series of biochemical assays, including the catalase, oxidase, and motility. This approach was also used to identify bacterial isolates in soil samples before and following treatments.

A pure culture of the identified Micrococcus sp. was cultured in cotton wool stoppered flasks containing freshly made sterile nutrient broth for 24 h at 37 oC. This was done to create a suitable culture of isolation for soil amendment investigations. The cells were extracted by centrifuging at 4000 rpm for 10 minutes, washed twice with phosphate buffered saline at pH 7.25, and re-suspended in MS medium. The culture was standardized by comparing its turbidity to a 0.5 McFarland standard and a Wickerham card.

2.3 Pot investigations
The design adopted in this study for the determination of the effects of amended bioremediation of Zn-polluted soil samples on maize seedling growth has been earlier reported in Korie et al., (2024a), with minor changes. Maize seeds were surface-disinfected with 1% sodium hypochlorite, then with 70% ethanol, and finally with distilled water. To pollute the soil sample, 100 mL of 0.251M, 0.321M and 0.402M zinc nitrate hexahydrate was separately added to each of 50 kg processed soil sample, and homogenized to ensure homogeneity. Soil homogenization was left for two days to attain equilibrium. A complete randomized design was used in the experiment. The pot experiment was divided into four categories: 
(1) Cow dung (A1) only, 
(2) Poultry waste (A2) only,
(3) A combination of poultry waste and cow dung (A1A2), and 
(4) No modification or control (C1).

Each pot comprised of 10 g of organic supplements or a combination of them, as well as 5 kg of Zn-contaminated soil. Then, plant growth promoting rhizobacteria (PGPR), Micrococcus sp., was applied at a rate of 50 mL of standardized culture per pot. All experimental units were irrigated with distilled water, with water levels set at 70% capacity. Amended bioremediation was allowed to proceed for 25 days before four viable maize seeds were sown in each pot. Each treatment consisted of two duplicates. On average, the greenhouse received 9 hours of sunlight every day. Furthermore, the average temperature (light/dark cycle) and relative humidity were 32.1 °C and 40%, respectively. When seeds germinated, three seedlings were retained in each pot. Then, on day 4, weeks 2, 4, and 7, growth indices like leaf count and shoot height were evaluated. The corn plants were harvested 7 weeks later, and both plant and soil samples were analysed.

2.4 Evaluation of Soil Indices

2.4.1 Evaluation of the physicochemical, toxic metal and minerals composition
Analysis of soil samples was done before and after treatments. The soil pH was determined using a pH meter (Mettler Toledo Delta 320). The wet oxidation method was employed to compute the soil organic carbon and organic matter contents of the samples. Similarly, soil accessible nitrogen, calcium, magnesium, potassium and phosphorous levels were evaluated using the approach outlined by Lu et al. (2017). The samples of soil were digested for heavy metal analysis using the procedure described by Anuforo et al. (2019). After extraction and filtering, the bioavailable Zn content of the supernatant from each potted sample was determined with the aid of an AAS (atomic absorption spectroscopy) (AA-240FS Varian, USA).

2.4.2 Determination of moisture content of soil
The moisture contents of soil samples were determined using the method specified by Korie et al. (2024b). Following washing, and drying of the crucibles, their initial weights were recorded as W1. Then, two surface-disinfected crucibles containing 5 g of each soil sample were weighed and recorded as W2. After drying in an oven at 105 oC to a consistent weight, it was allowed to cool and the weight was recorded as W3. The percentage change in moisture content, indicated by the percentage of the difference between the initial weight and the constant weight, was computed using the following Equation 1:

Moisture content (%) = W3 – W1 x 100			Eq. 1
 W2 – W1
Where W1 represents the starting weight of the empty crucible, W2 represents the weight of the crucible and soil before to drying, and W3 represents the final weight of the crucible and soil after drying.

2.4.3 Determination of dehydrogenase activity
The dehydrogenase activity (DHA) was determined using the Thalmann methodology reported by Wojewódzki et al. (2022), with samples incubated with 2,3,5-triphenyltetrazolium chloride. The measurement of absorbance of triphenylformazane (TPF) was undertaken at 546 nm and the outcomes expressed in mg TPF kg-124 h-1.

2.4.4 Determination of heavy metal concentrations
Digestion of the resulting samples of the roots, leaves, and shoots of corn seedlings was done with a di-acid HNO3:HClO4 mixture to estimate Zn concentration, as described by Anuforo et al. (2020b). The Zn contents of each supernatant were then measured by an AAS (AA-240FS Varian, USA).

2.4.5 Determination of proteins and chlorophyll compositions
Samples of seedling roots, leaves, and shoots were collected from each treatment and washed with tap water to remove contaminants. Excess water on each leaf surface was removed using blotting paper, before drying in an oven at 48 oC for 2 h. The materials were pulverized and analyzed when they had dried completely. At the end of week 7 of growth on treated Zn-polluted samples of soil, the SPAD meter was used to determine the chlorophyll content of the maize leaves.

BSA was employed as the standard reagent to create the standard curve that was then used to estimate the unknown protein concentration. The stem, leaf, and root extracts were incubated with 4.5 mL of reagent 1 (48 mL of 2% sodium carbonate in 0.1N sodium hydroxide + 1 mL of 1% sodium potassium tartrate + 1 mL of 0.5% copper sulphate) for 15 minutes, as described by Ashraf et al. (2022). Each sample was then treated with 0.5 ml of freshly prepared reagent 2 (1 part Folin-Ciocalteau: 1 part water) and incubated for 30 minutes in the dark. The protein concentration was then determined by measuring the absorbance at 660 nm and expressed as mg BSAE/g fresh weight.

3. Statistical computations
Microsoft Excel version 10 was used to compute the mean and standard deviations of the set of duplicates for all treatments. Minitab® 17 software was used to conduct one-way analysis of variance (ANOVA) and LSD test (P < 0.05) to evaluate the data differences. 

3. results and discussion

3.1 Effects on bacterial variety
Table 1 is the diversity of bacterial isolates found in bioremediated Zn-polluted soil, using a mixture of poultry wastes cow dung, as well as Micrococcus sp. Results obtained showed that there was variation in bacterial diversities among the samples. Treated samples showed higher diversity than the control and original samples. Meanwhile, treatment done with mixture of poultry wastes and cow dung produced relatively higher diversity than others. Also, Salmonella typhi, Staphylococcus aureus and Achromobacter spp which were absent in the original sample, were found in treated samples.

In a related study, 6 strains of rhizobacteria that were isolated from severely heavy metal-polluted soils from an abandoned mine were assessed with Sulla spinosissima (L.). The results showed that, in comparison to the other strains, inoculation with LMR291 (Pseudarthrobacter oxydans) produced significant increase in the chlorophyll content of Sulla plants planted under heavy metal stress. The carotenoid content of the plant was similar regardless of the inoculum strain applied (Oubohssaine et al., 2022). The 16S rRNA gene analysis in a related study demonstrated the variety of A. halleri and A. arenosa rhizosphere bacteria. They found that 95% of the 21 bacterial strains that were recovered from the rhizosphere of A. halleri (6 isolates) and A. arenosa (15 isolates) were Proteobacteria and 5% were Firmicutes. Bacilli, which accounted for 5% of isolated bacteria in the rhizosphere, were classified into Bacillaceae and Bacillales. Nearly 95% component of the γ-Proteobacteria are of the Orders Enterobacterales (43%), Pseudomonadales (29%), and Xanthomonadales (23%). These were belonged to the families Yersiniaceae (5%), Erwiniaceae (5%), Xanthomonadaceae (23%), Pseudomonadaceae (29%), and Enterobacteriaceae (33%) (Oleńska et al., 2023). In another study that employed biochemical characterization, 22 bacterial cultures among which are Pseudomonas mendoci, Pseudomonas aeruginosa, Pseudomonas putida, Pseudomonas fluorescens, Bacillus mycoides, Bacillus subtilis, Bacillus atrophaeus, Bacillus thuringiensis, Bacillus cereus, Stenotrophomonas maltophilia, Aneurinibacillus aneurinilyticus, Staphylococcus warneri, Achromobacter denitrificans, and Sphingomonas paucimobili were the identified bacterial species. The percentages of occurrences ranged from 85 and 99% (Sorour et al., 2022).

In order to survive heavy metal toxicity, bacteria can adopt a variety of tolerance strategies, such as altering cellular barriers, allowing metals to exit the cell, converting metals enzymatically, and sequestering metals both inside and outside of cells (Oleňska et al., 2023). Thus, by boosting the availability of vital nutrients, producing and controlling substances that control plant growth, or shielding plants from illness, bacteria can favorably promote plant growth (Thijs et al., 2016). The growth of their host plants may benefit indirectly from metal ions immobilization by metal-tolerant bacteria (Oubohssaine et al., 2022).
















[bookmark: _Hlk211343480]Table 1. Bacterial variety in samples of Zn-polluted soil bioremediated using Micrococcus sp. and mixtures of poultry wastes and cow dung.
	Samples 
	Zn concentrations
	Klebsella sp
	S.  typhi
	S. aureus
	Bacillus
subtilis
	Micrococcus spp
	Pseudomonas aeruginosa
	Achromobacter spp.
	E. coli

	A1C2B2
	32.75 mg/kg
	+
	+
	+
	-
	+
	-
	+
	+

	
	42.02 mg/kg
	+
	+
	+
	-
	+
	-
	+
	+

	
	52.55 mg/kg
	+
	+
	-
	-
	-
	-
	+
	+

	A2C2B2
	32.75 mg/kg
	+
	+
	+
	-
	+
	+
	+
	+

	
	42.02 mg/kg
	+
	+
	+
	-
	+
	+
	+
	+

	
	52.55 mg/kg
	+
	+
	-
	-
	+
	+
	-
	-

	A1A2C2B2
	32.75 mg/kg
	+
	+
	+
	-
	+
	+
	+
	+

	
	42.02 mg/kg
	+
	+
	+
	-
	+
	+
	+
	+

	
	52.55 mg/kg
	+
	+
	+
	-
	-
	-
	-
	+

	C2
	32.75 mg/kg
	-
	-
	+
	-
	-
	+
	-
	-

	
	42.02 mg/kg
	-
	-
	+
	-
	-
	+
	-
	-

	
	52.55 mg/kg
	+
	+
	+
	+
	+
	+
	+
	+

	Original sample
	+
	-
	-
	+
	+
	+
	-
	+


Legends: A1 represents cow dung, A2 represents poultry wastes, B2 represents Micrococcus sp., and C2 represents Zn.


3.2 Effects on physicochemical parameters of soil
Table 2 presents the effects of organic supplements with Micrococcus sp. (B2) on physicochemical properties of Zn polluted soil samples. It was observed that the pH, OC and SOM contents of soil samples were higher at the end of treatments, excluding the control samples. However, there was no significant difference among pH and OC contents of treated samples, though samples treated with poultry wastes and Micrococcus sp only, recorded 18.64%, 21.01% and 26.00% increase in pH and 114.12%, 131.68% and 147.93% increase in OC at 33.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg Zn pollution respectively. On the other hand, the mixture of poultry waste and cow dung yielded highest increase in SOM of 160.33%, 171.51% and 187.43% at Zn pollution levels of 33.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. Furthermore, samples treated with poultry wastes and Micrococcus sp only, recorded significantly higher increase in N, Ca and K contents than other treated samples, including control samples. It recorded percentage increase of 102.09%, 91.14% and 77.55% in N; 11.82%, 12.56% and 11.41% in Ca contents; 22.84%, 29.88% and 28.37% in K contents; but 14.06%, 17.61% and 7.32% reduction in Mg contents at Zn pollution levels of 33.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. However, no significant difference in percentage reduction of Zn contents of both treated and control samples was recorded.

The detrimental effects of heavy metals on plant physiology may be attributed to a disruption in mineral intake under stressful conditions, which may have affected enzyme activity and consequently reduced the manufacture of photosynthetic pigments (Bashir et al., 2020). Findings of a previous study that examined how applying cow dung could lessen the harmful effects of Cd, Pb, and Cr on the growth of maize plants grown in contaminated soil, reported that the application of cow dung improved the growth of the maize plant and corrected the toxic effects caused by heavy metals (Jacob et al., 2022). There have been numerous reports of the use of organic manures in bioremediation. According to a study, adding organic manure to soil contaminated by crude oil raised the pH of the soil, as demonstrated by the four treated samples. Microbial activity may have increased during the breakdown and organic matter creation process as a result of the addition of cow dung, poultry droppings, and pig slurry, which raised the pH of the soil. More exchangeable bases may have been released as a result, buffering the soil's pH in the direction of neutrality. The soil samples' moisture content varied from 8.76 to 67.50. Compared to the treated samples, which had moisture contents ranging from 41.20% to 61.90%, the control sample (untreated contaminated samples) had an extremely low moisture level of 8.76%. it asserted that the organic agricultural waste materials utilized as bioremediation materials may be the cause of the notable high moisture content of the soil. Between 1.32% and 2.66% of the carbon was organic (Ezenwa et al., 2022). The amount of organic carbon in the untreated polluted sample was the lowest, at 1.32%, while in the treated samples it ranged from 1.67% to 2.66%. In comparison to the control sample, this indicated an increase in the organic carbon of the treated soil samples. The organic carbon content of the four treated samples may have increased as a result of the additional agro-waste items, such as animal feces and food waste, which released organic carbon during decomposition. In comparison to the untreated control sample, which had a nitrogen concentration of 0.13%, the treated samples showed a small improvement in nitrogen content, ranging from 0.17% to 0.22%. 30.60 ppm to 48.60 ppm of phosphorus were found. Because there were fewer microorganisms using phosphorus as food during the mineralization process that broke down the crude oil, the untreated sample had the highest concentration of phosphorus (Ezenwa et al., 2022).




















[bookmark: _Hlk211343059][bookmark: _GoBack]Table 2. Effects of organic supplements with Micrococcus sp. (B2) on physicochemical properties of Zn polluted soil samples
	Samples
	Zn conc
	%Change in pH
	%Change in OC
	%Change in SOM
	%Change in N
	%Change in Ca
	%Change in K
	%Change in Mg
	%Change in P
	%Change in Zn

	A1C2B2
	32.75 mg/kg
	10.70 a
	108.89 a
	90.86 b
	52.33 b
	6.95 b,1
	10.38 b,1
	-14.47 b
	155.34 a,1
	-24.82 a,2

	
	42.02 mg/kg
	21.01 a
	126.87 a
	99.05 b
	62.66 b
	6.10 b,1
	16.41 b,1
	-18.56 b
	163.52 a,12
	-17.51 a,1

	
	52.55 mg/kg
	15.82 a
	139.65 a
	111.88 b
	65.80 b
	0.37 b,2
	22.33 b,2
	-9.11 b
	175.37 a,2
	-22.42 a,1,2

	A2C2B2
	32.75 mg/kg
	18.64 a
	114.12 a
	88.35 b
	102.09 a
	11.82 a,1
	22.84 a,1
	14.06 a
	170.16 a,1
	-20.03 a,2

	
	42.02 mg/kg
	21.01 a
	131.68 a
	96.42 b
	91.14 a
	12.56 a,1
	29.88 a,1
	17.61 a
	169.67 a,12
	-13.91 a,1

	
	52.55 mg/kg
	26.00 a
	147.93 a
	88.43 b
	77.55 a
	11.41 a,2
	28.37 a,2
	7.32 a
	192.72 a,2
	-24.52 a,1,2

	A1A2C2B2
	32.75 mg/kg
	17.44 a
	108.89 a
	160.33 a
	59.71 b
	12.17 a,1
	12.98 b,1
	0.65 b
	152.96 a,1
	-31.61 a,2

	
	42.02 mg/kg
	19.24 a
	130.22 a
	171.51 a
	60.76 b
	9.33 a,1
	18.75 b,1
	-8.24 b
	165.37 a,12
	-20.37 a,1

	
	52.55 mg/kg
	23.27 a
	150.92 a
	187.43 a
	63.84 b
	5.89 a,2
	18.71 b,2
	-6.08 b
	174.73 a,2
	-21.03 a,1,2

	C2
	32.75 mg/kg
	0.00 b
	-39.66 b
	-56.22 c
	-81.82 c
	1.39 c,1
	2.60 c,1
	2.43 b
	-1.78 b,1
	-25.47 a,2

	
	42.02 mg/kg
	0.00 b
	-45.64 b
	-52.75 c
	-78.23 c
	-0.36 c,1
	7.03 c,1
	-14.70 b
	-1.84 b,12
	-15.86 a,1

	
	52.55 mg/kg
	0.00 b
	-49.69 b
	-50.72 c
	-83.03 c
	-3.68 c,2
	8.45 c,2
	-14.85 b
	1.28 b,2
	-17.08 a,1,2


Legends: (a) A1 represents cow dung, A2 represents poultry wastes, B2 represents Micrococcus sp., and C2 represents Zn.
 (b)Means in each column of samples that do not share a letter (in superscript) are significantly different.
(c) Means in each column of concentrations (for each sample) that do not share a figure (in superscript) are significantly different.






3.3 Effects on moisture contents of soil samples
Figure 1 shows the moisture contents and their percentage changes in samples of Zn-polluted soil bioremediated using poultry wastes and cow dung consortium, with Micrococcus sp. Moisture content increased from 32.75 mg/kg concentration of Zn to 42.02 mg/kg, before reducing at 52.55 mg/kg in samples treated with poultry wastes insolation, and in combination with cow dung. In sample treated with cow dung only, moisture content maintained steady gradual increase as concentration of heavy metal increased in the soil samples. Among all the treatments, poultry wastes alone performed better in increasing the moisture content of the soil. It yielded 13.77±0.69 (108.7%), 8.07±2.28 (63%) and 13.24±0.51 (100.11%) increase in moisture content at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg. Control samples witnessed a reduction in moisture content, except at the lowest concentration of Zn used in the study. From results of analysis, it was observed that percentage change in moisture content of all treated samples did not significantly differ from each other. However, only that of samples treated with poultry wastes and Micrococcus sp only, was significantly different from that of control samples. No significant difference in percentage change in moisture content was recorded across the concentrations studied.


[bookmark: _Hlk211347494]Fig. 1. Moisture contents with their percentage changes in bioremediated samples of Zn-polluted. Legends: Letters a, b and c represented Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg. Means of samples on horizontal bar that do not share a letter (in parenthesis) are significantly different.
A1 indicates cow dung, A2 indicates poultry waste, C2 indicates Zn, B2 indicates Micrococcus sp.

3.4 Effects on dehydrogenase activity of soil samples
Figure 2 presents the gradients of DHA in Zn-polluted soil samples at the end of bioremediation. It revealed that DHA was higher in all the treated soil samples, unlike in control samples. Gradient of DHA decreased with increasing concentration of Zn pollutant. The range of gradient of DHA in treated samples was 0.797±0.002 µgTPFg-1h-1 to 2.123±0.077 µgTPFg-1h-1. Samples of Zn-polluted soil which were treated with a combination of poultry wastes and cow dung produced the highest change in DHA of 2.123±0.077 µgTPFg-1h-1 and 2.024±0.083 µgTPFg-1h-1 recorded at Zn pollution levels of 33.75 mg/kg and 52.55 mg/kg respectively. For control samples, DHA decreased by 0.031±0.012 µgTPFg-1h-1 and 0.037±0.016 µgTPFg-1h-1 at Zn pollution levels of 33.75 mg/kg and 52.55 mg/kg respectively.

Analysis showed that DHA recorded in each of the treated samples was significantly different from those of the others, as well as the controls. DHA recorded at 32.75 mg/kg level of Zn pollution varied significantly from that of 52.55 mg/kg Zn pollution level.


[bookmark: _Hlk211347039]Fig. 2. Variations in dehydrogenase activities of samples of treated Zn-polluted soil.
Legends: A1 indicates cow dung, A2 indicates poultry wastes, C2 indicates Zn and B2 indicates Micrococcus sp.
Letters a, b and c represented Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg.
Means of samples on horizontal bar that do not share a letter (in parenthesis) are significantly different.

3.5 Effects on corn growth rate
On day 4 of bioremediating samples of Zn-polluted soil, the number of leaves recorded on the corn seedlings was between 0.0±0.0 and 2.0±0.0. Treatment with only cow dung produced the highest number of leaves, with 2.0±0.0 leaves at 32.75 mg/kg, 2.0±0.0 leaves at 42.02 mg/kg and 2.0±0.0 leaves at 52.44 mg/kg Zn pollution levels. On the other hand, the control samples, and samples treated with only poultry dung, which were the least, equally recorded 0.0±0.0, 0.0±0.0 and 0.0±0.0 leaves at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. However, the effects of the treatments did not show any significant difference (α=0.05). This shows a range of 0.3±0.2 cm to 3.9±0.5 cm, indicating some variations in heights of seedlings. The tallest seedlings observed in this batch of the study were those cultivated on Zn-polluted soil sample which was treated with cow dung alone. It recorded heights of 3.5±0.3 cm, 3.9±0.5 cm and 3.5±0.2 cm at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. On the other hand, the samples treated with poultry wastes alone recorded the shortest growth in heights of shoots, with 1.2±0.3 cm at 32.75 mg/kg, 1.0±0.2 cm at 42.02 mg/kg and 1.5±0.3 cm at 52.55 mg/kg Zn pollution level. Statistical analysis revealed that only heights from samples treated with cow dung alone are significantly different (α=0.05) from others

After 2 weeks of bioremediation of samples of Zn-polluted soil, the number of leaves recorded from treatments showed an increase in the number of leaves, which are in the range of 2.3±0.5 to 4.3±0.5, indicating some observable variations. From the results, the highest numbers of leaves were recorded in the samples treated with cow dung alone, with 4.3±0.5, 4.3±0.5 and 3.7±0.5 leaves at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. In comparison, the least performance was recorded in the control experiment, where there were 2.3±0.5 at 32.75 mg/kg, 3.7±0.5 at 42.02 mg/kg and 3.3±0.5 leaves at Zn pollution levels of 52.55 mg/kg. From analysis, there was no significant difference (α=0.05) in their heights. This eroded the difference recorded in samples treated with cow dung alone, on day 4. With respect to heights of seedling planted on bioremediated samples of Zn-polluted soil, the heights recorded on week 2 ranged from 9.7±05 cm to 21.330 cm, indicating an increasing variation in heights compared to results of day 4. It is also observable that the treatment done using only cow dung maintained the lead in recording highest shoot length, with 19.3±0.4cm, 21.30±0.5 cm and 20.3±0.5c m at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. Similarly, seedlings on control samples continued to lag behind other results obtained, with only 9.7±0.5 cm at 32.75 mg/kg, 13.5±0.4 cm at 42.02 mg/kg and 12.3±0.6 cm heights at Zn pollution levels of 52.55 mg/kg. From statistical analysis, only the heights of seedlings on soil treated with poultry wastes alone, and those of control samples are similar. Furthermore, they were significantly different (α=0.05) from others treatments studied.

After 4 weeks of Zn-polluted soil samples treatment, the observed number of leaves in the corn seedlings increased, which range from 3.0±0.8 to 9.3±0.5 leaves per stand, indicating widening variation in numbers. From observations, seedling on soil samples treated with cow dung alone still maintained the highest numbers of leaves, with record 8.3±0.5 cm at 32.75 mg/kg, 9.3±0.5 cm at 42.02 mg/kg and 8.3±0.5 cm leaves at Zn pollution levels of 52.55 mg/kg. Conversely, the control samples produced the lowest numbers of leaves per stand, with 3.0±0.8 at 32.75 mg/kg, 3.3±0.5 at 42.02 mg/kg and 4.3±0.5 leaves at Zn pollution levels of 52.55 mg/kg. Against the results of analysis on week 2, results here showed that numbers of leaves recorded from treatments with cow dung alone are significantly different (α=0.05) from other treatments. The control samples and treatments with poultry wastes alone are similar. Regarding the heights of corn seedlings at week 4 of bioremediation, the results ranged from 24.3±2.5 cm to 92.2±2.9 cm, further signifying a widening variation in heights of seedlings. Furthermore, seedlings of cow dung-treated soil samples maintained the record of highest growth in height of shoots, of 88.1±2.5 cm, 92.2±2.9 cm and 82.6±3.7 cm at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg respectively. Similarly, seedling on control samples recorded the least growth in shoot heights, with 24.3±2.5 cm at 32.75 mg/kg, 37.4±2.2 cm at 42.02 mg/kg and 37.3±3.6 cm at Zn pollution levels of 52.55 mg/kg. Statistically, at α=0.05, only heights of seedling on control samples and those treated with poultry dung alone are similar (α=0.05), while they are significantly different from all other treatments in this studied.

Furthermore, after 7 weeks treatment period on samples of Zn-polluted soil, the numbers of leaves recorded per seedling ranged from 4.3±0.5 to 13.7±0.5 leaves per stand, which more widely varied from each other. In comparison, it is observable that number of leaves was highest in seedling grown on samples treated with cow dung, which recorded 13.3±0.9 at 32.75 mg/kg, 13.7±0.5 at 42.02 mg/kg and 13.3±0.5 leaves per stand at Zn pollution levels of 52.55 mg/kg. On the other hand, 4.7±0.5 at 32.75 mg/kg, 5.0±0.8 at 42.02 mg/kg and 4.3±0.5 leaves were recorded at Zn pollution levels of 52.44 mg/kg, for control samples, which were also the least. Analysis (α=0.05) indicated that number of leaves recorded from samples treated with cow dung only was significantly different from all others. Similarly, number of leaves in samples treated with a combination of poultry wastes and cow dung are significantly different from others. However, numbers from remaining treatments are similar to each other. In the case of heights of seedlings, the results obtained showed a range of 64.3±3.7 cm to 155.2±5.6 cm. Evidently, there is a wide variation in heights of the seedlings. Observation of the results reveals that seedlings grown on samples treated with cow dung only, maintained the highest growth of shoot than others. It recorded 125.7±3.1 cm, 155.2±5.6 cm and 136.6±6.3 cm heights at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.44 mg/kg respectively. Furthermore, seedlings on control samples comparatively maintained the least growth of shoots, with only 74.2±1.3 cm at 32.75 mg/kg, 71.8±2.3 cm at 42.02 mg/kg and 64.3±3.7 cm heights at Zn pollution levels of 52.55 mg/kg. Analysis of the results, at α=0.05, indicated that treatments done with cow dung only, and in its combination with poultry wastes, are similar. However, they are significantly different from the other treatments, which are in turn similar to each other.

3.6 Effects on protein contents of corn seedlings
Figure 3 is the protein contents of the seedlings cultivated on the studied samples of Zn-polluted soil. Results showed a range of 10.2±02 mg/g to 78.33±3.23 mg/g protein contents, which varied widely among the samples. Furthermore, it is evident that protein contents of seedling on treated samples are higher than in samples on control. This is shown by the highest record of protein contents in seedlings on samples treated with cow dung only. It had 78.33±3.23 mg/g at 32.75 mg/kg, 56.09±1.62 mg/g at 42.02 mg/kg and 38.92±2.88 mg/g of proteins at Zn pollution levels of 52.55 mg/kg. In comparison, the seedlings in control samples recorded 21.71±2.11 mg/g at 32.75 mg/kg, 15.14±1.86 mg/g at 42.02 mg/kg and 10.2±1.25 mg/g of protein at Zn pollution levels of 52.55 mg/kg. Based on results of statistical computation at α=0.05, the seedlings protein contents on all the treated samples were similar, and significantly different from those of control samples, except for those on samples treated with poultry wastes only. There was no significant difference in the protein content of seedlings across the concentrations studied.


[bookmark: _Hlk211348299]Fig. 3. Protein contents of corn seedlings cultivated on samples of bioremediated Zn-polluted soil. Legends: A1 stands  for cow dung, A2 stands  for poultry wastes, B2 stands  for Micrococcus sp and C2 stands  for Zn. Samples with similar lowercase letters (in bracket) are not significantly different at α=0.05).

3.7 Effects on chlorophyll contents of corn seedlings
Figure 4 is the chlorophyll contents of sampled corn seedlings on bioremediated Zn-polluted soil. With respect to total chlorophyll contents recorded from treated Zn-polluted samples, the range of 0.33±0.01 mg/g to 1.02±0.03 mg/g of total chlorophyll was observed among the samples. As well, total chlorophyll content was higher in seedlings grown on treated samples, than in those on control samples. The highest concentration of total chlorophyll was found in seedling on samples treated with cow dung and poultry wastes mixture. It recorded 1.02±0.03 mg/g at 32.75 mg/kg, 0.74±0.03 mg/g at 42.02 mg/kg and 0.55±0.02 mg/g total chlorophyll contents at Zn pollution levels of 52.55 mg/kg. In line with all previous results, control samples, which recorded the lowest total chlorophyll contents, contained 0.52±0.04 mg/g, 0.47±0.04 mg/g and 0.39±0.05 mg/g total chlorophyll, at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg, respectively. Following results analysis (α=0.05), it was found that seedlings grown on samples treated with poultry dung only, as well as its combination with cow dung, produced significantly similar chlorophyll contents. But they are equally significantly different from those of control samples and samples treated with cow dung only, which are similar on the other hand.


[bookmark: _Hlk211348346]Fig. 4. Chlorophyll contents of corn seedlings planted on bioremediated samples of Zn-polluted soil. Legends: A1 indicates cow dung, A2 indicates poultry wastes, B2 indicates Micrococcus sp. and C2 indicates Zn. Samples with similar lowercase letters (in bracket) are not significantly different at α=0.05).

Reports have shown that heavy metals reduce the number and size of leaves, stomata size, and the cell membranes of stomatal guard cells, causing turgor loss in the leaves and, as a result, gaseous exchange, i.e., transpiration rate (Stanton & Mickelbart, 2014; Ashraf et al., 2022). Rhodococcus qingshengii inoculation increased plant biomass by 39% to 83% compared to uninoculated plants, as well as chlorophyll and carotenoid content by up to 29% and antioxidant enzyme activities by 15% to 80% (Oubohssaine et al., 2022).

3.8 Effect on bioaccumulation of toxic metals in corn seedlings
These results demonstrated that the ranges of bioaccumulations in the leaf, stem and root samples are 18.12±0.61 mg/kg to 49.59±0.61mg/kg, 9.14±0.35mg/kg to 25.24±0.82mg/kg and 49.84±1.12 mg/kg to 156.24±1.31 mg/kg, respectively. Generally, it shows that bioaccumulation is highest in root samples, followed by leaf samples, while the stem samples were the least. There were wide variations in the bioaccumulation of Zn in corn samples grown on different soil samples, and at different concentrations.

In corn leaf samples, results showed that control samples maintained the highest bioaccumulation, which is significantly different from those of the treated samples. The samples bioaccumulated 46.94±0.25 mg/kg at 32.75 mg/kg, 47.59±0.29 mg/kg at 42.02 mg/kg and 49.59±0.61 mg/kg of Zn, at Zn pollution level of 52.44 mg/kg. Of all the samples, leaf samples from soil treated with Micrococcus sp and cow dung only, bioaccumulated the least amounts of Zn. The samples bioaccumulated 18.12±0.61 mg/kg at 32.75 mg/kg, 25.74±0.51 mg/kg at 42.02 mg/kg and 23.59±1.08 mg/kg of Zn at Zn pollution level of 52.55 mg/kg. However, their concentrations were not significantly different from those of treated samples, at α=0.05, unlike in the control samples. Across concentration, results showed that bioaccumulation gradually increased with increasing level of Zn pollution in soil samples. Statistically, bioaccumulation at 32.75 mg/kg was significantly higher than was recorded at 52.55 mg/kg.

In the stem, bioaccumulation was least in samples grown on soil samples treated with a combination of poultry wastes and cow ding, with Micrococcus sp. They recorded 9.14±0.35 mg/kg, 10.62±0.17 mg/kg and 12.47±0.98 mg/kg of Zn at Zn pollution levels of 32.75 mg/kg, 42.02 mg/kg and 52.55 mg/kg, respectively. At α=0.05, their bioaccumulations were significantly higher than those of other samples. Conversely, samples from control soil samples recorded the highest bioaccumulations, which were significantly different from those of the treated samples. Their bioaccumulations were 16.79±0.45 mg/kg at 32.75 mg/kg, 20.04±0.25 mg/kg at 42.02 mg/kg and 25.24±0.82 mg/kg of Zn at Zn pollution level of 52.55 mg/kg. These were statistically different from those of the treated samples. Across the concentrations, bioaccumulations in stems, increased with increasing level of Zn pollution. It was found that bioaccumulation at 32.75 mg/kg was significantly lower than that at 52.55 mg/kg.

In the roots, where bioaccumulation was the highest compared to other parts of corn, it was observed that samples from control maintained the lead. They recorded 135.49±0.61 mg/kg at 32.75 mg/kg, 146.69±1.19 mg/kg at 42.02 mg/kg and 156.24±1.31 mg/kg of Zn at Zn pollution levels of 52.55 mg/kg. These were significantly higher than those of treated samples. Among the treated samples, bioaccumulation was the least in samples from soil treated with Micrococcus sp and poultry wastes only. They bioaccumulated 49.84±1.12 mg/kg at 32.75 mg/kg, 56.07±0.98 mg/kg at 42.02 mg/kg and 67.82±1.59 mg/kg of Zn at Zn pollution level of 52.55 mg/kg. These were significantly higher than those from other soil samples, except from soil samples treated with Micrococcus sp and cow dung only. As usual, bioaccumulation increased with increasing Zn pollution. As such it was significantly different at 32.75 mg/kg from at 52.55 mg/kg, at α=0.05.

Another related study found that Helianthus annuus L., or sunflower plants planted in untreated soil had around 2.5 times the amount of cadmium in their shoots as plants grown in treated soil. Their roots, on the other hand, revealed approximately two times the amount of Cd as plant roots grown in treated soil. Furthermore, Helianthus plants cultivated in untreated soil accumulated zinc levels roughly 1.7 and 2.5 times greater in their shoots and roots, respectively, than plants grown in treated soils. These findings show that the microbiome plays an important role in determining whether Helianthus plants acquire Zn and Cd contaminants (Sorour et al., 2022).

4. Conclusion

Soil pollution with heavy metals is a major environmental concern around the globe. With increasing industrialization, it is critical to create low-cost and environmentally friendly remedial solutions for heavy metal-contaminated soil. Since microorganisms have the potential to remove heavy metals from the environment while also promoting plant growth and development, a combination of phyto- and bioremediation approaches appears promising. The results of this study have affirmed that co-application of cow dung and poultry wastes enhance plants tolerance of the heavy metal pollution. However, their applications in isolation or in consortium produced varying impacts on different parameters of both treated soil and corn seedlings grown on them. Thus, optimization of effects of co-applications of Micrococcus sp. and animals wastes is recommended before field operations.
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