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Abstract
Purpose This study was carried out to compare the effects of composted kitchen waste (KW) and poultry manure (PM) soil 
amendments on growth, yield and heavy metal uptake in edible leaf of Corchorus olitorius.
Methods Kitchen waste and PM composted for 8 weeks were applied as soil amendment at the rate of 0 (no amendment), 
5, 10 and 15 t ha−1. Corchorus seeds were sown 2 weeks after incorporation of amendment. Compost amendments were the 
main treatments while application rates were in sub-plots. Treatments were replicated three times in a randomized complete 
block design. Corchorus were harvested 6 weeks after sowing, following which growth and yield parameters were measured. 
Concentrations of manganese (Mn), iron (Fe), copper (Cu) and zinc (Zn) in leaf tissue and plant uptake were also determined.
Results Result showed that PM increased Corchorus leaf production than KW. Poultry manure significantly (p ≤ 0.01) 
increased Cu accumulation in leaf. Bioaccumulation of Cu was 0.005 and 0.011 mg kg−1 for KW and PM, respectively. 
The metals except Zn in leaf tissue showed significant (p ≤ 0.01) correlation with both fresh and dry weights of Corchorus. 
Despite high concentration of heavy metals in the compost, bioaccumulation in leaf was lower than maximum allowable 
limit of 0.1 mg kg−1 for Cu and 0.3 mg kg−1 for Mn, Fe and Zn in vegetables by WHO/FAO/FEPA.
Conclusion Soil amended with composted KW and PM promoted Corchorus growth and yield. Accumulations of heavy 
metals in leaf tissue are within allowable limit for vegetables.
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Introduction

Management of domestic solid waste generated in most 
Nigerian homes is a growing challenge that requires urgent 
attention. Poor management of domestic waste impacts on 
our environment negatively. With larger proportion of the 
domestic wastes being organic, an alternative source of com-
postable materials that could serve as soil ameliorant could 
become attractive. Use of compostable solid waste as soil 
amendment in crop production is a sustainable way of recy-
cling that reduces disposal to landfill (Petersen et al. 2003; 

Chen and Jiang 2014). Compost is an important resource for 
soil amendment in organic farming with the benefits of being 
environment-friendly. Composted manure helps to modify 
physical, chemical, and biological properties of the soil, 
provides slow release of nutrients and increases crop yield 
(Agbede et al. 2008; Moral et al. 2009). Composted organic 
manure especially from poultry wastes have been reported 
to improve mineral composition in tissues of vegetables such 
as Jute mallow (Mazen et al. 2010; Jonathan et al. 2012). In 
contrast to the beneficial roles of compost, it could also be 
a potential source of contaminants depending on its origin 
(Petersen et al. 2003; Hanč et al. 2008).

Leafy vegetables have the potentials of accumulating 
heavy metals in their edible and non-edible portions in con-
centrations that could cause health problems to consumers 
when grown in contaminated medium (Alam et al. 2003; 
Oguntade et al. 2015). Uptake of heavy metals by vegetables 
in high concentration could also hinder metabolic processes 
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such as photosynthesis and growth in such plant and conse-
quently lead to reduction in yield (Yang et al. 2002; Wang 
et al. 2013; Ng et al. 2016). Corchorus olitorius known as 
Jute mallow is a popular green leafy vegetable consumed 
by various communities in many African countries includ-
ing Nigeria (Schippers 2002; Samra et al. 2007). The slimy 
sticky sauce of its cooked leaves is often considered as the 
best and more acceptable one than okro in western Nigeria 
even at social gathering for consumption of any starchy sta-
ples served (Denloye et al. 2014). Corchorus olitorius is a 
vegetable consumed for its dietary fiber, vitamins, minerals, 
protein as well as abundant β-carotene and other carotenoids 
needed for good health (Schippers 2002). The leaf is also 
a rich source of iron, protein, calcium, thiamin, riboflavin, 
niacin, foliate, and dietary fiber (Oyedele et al. 2006; Samra 
et al. 2007).

Considering the economic and environmental benefits 
of organic wastes, the use of composted organic waste in 
production of Corchorus olitorius could be an alternative 
strategy of waste management and disposal. Although, infor-
mation on the use of manure for vegetable production is 
well documented, little is, however, known on the use of 
composted kitchen waste and poultry manure for jute mal-
low production. This study, therefore, focuses on the growth, 
yield and heavy metal bioaccumulation in edible leaf of Cor-
chorus olitorius grown on soil amended with composted 
kitchen waste and poultry manure.

Materials and methods

Description of the study site

This study was conducted at the Teaching and Research 
Farm of the Olabisi Onabanjo University, College of Agri-
cultural Sciences, Ayetoro Campus, Ogun State, Nigeria. 
Ayetoro is in the derived savannah ecology of Ogun State 
with mean annual rainfall of 1250 mm and mean tempera-
ture of 26 °C. It has a bimodal rainfall pattern with its peaks 
in June and September. The experimental site was located at 
07.23076°N, 03.04540°E and 89 m above sea level.

Collection and preparation of kitchen waste 
and poultry manure as compost

Decomposable kitchen wastes collected from various homes 
and from leftovers of food at social gatherings were used 
for this study. Similarly, poultry manure from birds fed with 
maize and groundnut cake-based feed was collected from the 
University’s poultry farm at Ayetoro campus for the com-
post preparation. The kitchen waste and poultry manure 
were composted for 8 weeks following the Chinese rural 
composting-high temperature method (Misra et al. 2003). 

Composts were then air-dried for 2 weeks and sieved with 
2 mm sieve to remove undecomposed materials before field 
application (Plate 1). Sub-samples of the composted wastes 
were analyzed in the laboratory for its chemical properties 
(Table 1).

Plot establishment, soil sample collection 
and preparation

The experiment was a split-plot arrangement in a Rand-
omized Complete Block Design (RCBD) replicated three 
times. Main-plot treatments were the composted kitchen 
waste and poultry manure, while sub-plot treatments were 
compost rates of 0 (no amendment/control), 5, 10, 15 t ha−1. 
The treatment plots were laid out with a spacing of 1 m 
between treatments and 2 m between replicates. Each of the 
treatments (compost) was incorporated into the soil on 1 m 
by 1 m elevated bed 2 weeks before sowing (WBS). Prior 
to treatments application, core soil samples were randomly 
collected (0–15 cm) from the experimental plot with a soil 
auger and bulked to obtain composite sample. Thereafter, 
the composite soil sample was air-dried and sieved with 
2 mm sieve for routine analysis in the laboratory.

Corchorus seeds preparation and sowing

Prior to sowing, Corchorus seeds were pre-treated with 
hot water at 90 °C for 4 s to break its dormancy and later 
air-dried for a day (Jayasuriya et al. 2007; Tolorunse et al. 
2015). The air-dried seeds were then drilled on elevated 
beds earlier amended with either composted KW or PM at 
the spacing of about 10 cm between rows. Due to irregular 
rainfall between the second and the fourth week after sowing 

Table 1  Chemical properties of composted kitchen waste and poultry 
manure

Chemical composition Units Kitchen waste Poultry manure

pH  (H2O) 8.80 8.75
Total N g kg−1 2.90 3.20
Total organic carbon 50.40 55.90
Total P mg kg−1 0.46 0.35
C/N ratio 17.38 17.47
Ca cmol kg−1 2.83 3.05
Mg 0.74 0.57
Na 1.51 0.71
K 1.46 0.69
Heavy metals
Mn mg kg−1 4000.00 7000.00
Fe 4200.00 6800.00
Cu 30.00 45.00
Zn 278.00 354.00
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(WAS), each treatment plot was irrigated with equal volume 
(10 L) of fresh water collected from adjoining stream every 
evening. Overhead method of irrigation was adopted with 
the use of watering can. This is similar to the practice of 
local farmers in the area. Corchorus seedlings were thinned 
at 2 WAS to 1 plant per stand at about 4 cm within the row. 
Weeding was done manually by uprooting weeds regularly 
and retaining them on their various plots.

Agronomic data collection

At 6 WAS, agronomic parameters of twenty (20) stands of 
Corchorus olitorius taken from a quadrant of 0.5 m by 0.5 m 
placed on each treatment plot were recorded. Plant height 
was measured with a meter rule from the soil surface to the 
terminal bud. The number of leaves and primary branches 
was determined by direct counting. The edible portions of 
the leaves excluding the petiole were then plucked and the 
fresh weight was determined. Thereafter, the leaves were 
cleaned with fresh tap water, air-dried and later oven-dried 
at 60 °C to constant weight to determine the dry weight. 
After drying, leaves were ground with pestle and mortar for 
chemical analysis.

Chemical analysis of compost manure

The pH of the composted manure was determined with the 
glass electrode pH meter. Nitrogen (N) was determined by 
Kjeldahl method, organic carbon by wet oxidation method 
(Nelson and Sommer 1996), while phosphorus (P) was 
determined colourimetrically. The calcium (Ca), magne-
sium (Mg), potassium (K) and sodium (Na), as well as Mn, 
Fe, Cu, and Zn in the compost samples were determined by 
atomic absorption spectrophotometer, AAS (Buck Scientific 
210VGP Model, Inc., East Norwalk, CT, USA) according to 
Udo et al. (2009).

Soil analysis

The pH of the soil in water was determined by glass elec-
trode pH meter. Total N was determined by micro-Kjeldahl 
method, organic carbon content was determined by Walkley 
and Black method (1934) using dichromate  (K2Cr2O7) as 
oxidizing agent. Available P was determined colourimetri-
cally by Bray-1- method (Bray and Kurtz 1945). Exchange-
able bases  (Ca2+,  Mg2+,  K+ and  Na+) were extracted with 
1  N ammonium acetate  (NH4OAc pH 7.0) after which 
 Ca2+ and  Mg2+ were read on AAS, while  K+ and  Na+ were 
determined with flame photometer. Exchangeable acidity 
was determined by titration method following extraction of 
soil samples with 1 N KCl solution (Anderson and Ingram 
1993). The effective cation exchange capacity (ECEC) was 
estimated by summation of exchangeable acidity  (H+ + Al3+) 

and exchangeable bases  (Ca2+,  Mg2+,  K+ and  Na+). Base 
saturation was calculated as the ratio of sum of exchangeable 
cations to ECEC expressed in percentage. The heavy metals 
including Fe, Cu, Zn, and Mn in the soil were determined 
by wet digestion method and read on AAS. The analyses 
followed the procedures in Okalebo et al. (1993) and Udo 
et al. (2009). Particle size distribution was analyzed by the 
hydrometer method (Bouyoucos 1951).

Heavy metal analysis in plant samples

Earlier ground Corchorus leaves were weighed (0.5 g) into 
digestion tubes; then 10 ml of mixture of nitric and per-
chloric acid (2:1) was added. The content in the tubes was 
digested for the first 90 min at 150 °C. Thereafter, 2 ml of 
concentrated HCl and distilled water was added and the 
temperature of the digest was raised to 230 °C and further 
digested for another 30 min. The digest was then allowed 
to cool at room temperature after which the content was 
transferred into a 50-ml volumetric flask and made up to 
mark with distilled water. The concentrations of Mn, Fe, 
Cu and Zn in the sample solutions were then determined 
using atomic absorption spectrophotometer. Plant uptake 
was estimated on dry weight basis as the product of metal 
concentration and dry weight.

Data analysis

The data obtained were subjected to analysis of variance 
(ANOVA). Treatment means were separated using Fish-
er’s Protected Least Significant Difference (LSD) at 5% 
probability.

Results

Chemical composition of compost manure

Chemical compositions of the composted KW and PM are 
presented in Table 1. The pH of the two composts was mod-
erately alkaline with PM being more alkaline than KW. The 
total N was 2.90 g kg−1 in KW and 3.20 g kg−1 in PM. 
Organic carbon was lower in KW than in PM. Total phos-
phorus was higher in KW than in PM. Poultry manure and 
KW composts had the same C/N ratio level, which reflected 
its carbon and N contents. Except for Ca, the total Mg, Na 
and K were found to be higher in the KW than in PM. The 
concentrations of heavy metals including Mn, Fe, Cu and 
Zn of 4000, 4200, 30 and 278 mg kg−1, respectively, in KW 
were lower than 7000, 6800, 45 and 354 mg kg−1, respec-
tively, in PM (Table 1).

Physicochemical soil properties of the experimental 
site indicated that pH of the soil was moderately acidic 
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(Table 2). Total N and organic carbon were very low, while 
available P was high. The exchangeable cations in the soil 
which were 8.38, 2.21, 0.50 and 0.30 cmol kg−1 for  Ca2+, 
 Mg2+,  Na+ and  K+, respectively, were high. The exchange-
able acidity was very low. Available form of Mn in the soil 
was 16.80 mg kg−1. The available Fe and Zn of 20.80 and 
4.80 mg kg−1, respectively, in the soil were quite high. The 

texture of the soil was loamy sand with high proportion of 
sand, low silt and moderately low clay content (Table 2).

Table 3 shows the effects of different rates of composted 
KW and PM amendments on the growth and yield of Cor-
chorus olitorius. The effects of the two amendments on 
growth and yield parameters were not significantly differ-
ent except on the number of leaves. Poultry manure sig-
nificantly (p ≤ 0.05) increased the number of leaves in Cor-
chorus compared to KW. The different rate of amendment 
applied increased plant height, number of leaves and pri-
mary branches significantly (p ≤ 0.01) (Table 3). The Cor-
chorus grown in soil without amendment gave the least mean 
plant height, number of leaves and primary branches, while 
those grown with 15 t ha−1 of the amendment gave the high-
est growth parameters recorded. Meanwhile, there were no 
significant differences on both fresh and dry biomass yields 
at the different rate of amendment.

The interactive effects of the type of compost and its 
rates of application contributed significantly (p ≤ 0.01) to 
increased Corchorus height and number of primary branches 
(Figs. 1 and 2). In particular, at compost rate of 15 t ha−1, 
the mean plant height was higher with PM than with KW 
(Fig. 1). Meanwhile, the difference in mean number of 
primary branches observed at 10 t ha−1 of the amendment 
showed that PM was higher than KW in inducing primary 
branches in Corchorus (Fig. 2).

Accumulation of heavy metals in leaf tissue (dry 
weight) of Corchorus grown on compost amended soil is 
presented in Table 4. Among the metals, only Cu was sig-
nificantly (p ≤ 0.01) taken up and bioaccumulated in leaf 
tissue of Corchorus. The amount of Cu which accumulated 
in the leaf of Corchorus grown on PM amended soil was 

Table 2  Physicochemical soil properties of the experimental site

Soil properties Units Values

pH  (H2O) 5.95
Total N g kg−1 0.90
Total organic carbon 11.79
Available P mg kg−1 17.68
Ca cmol kg−1 8.38
Mg 2.21
Na 0.50
K 0.30
Exchangeable acidity 0.08
ECEC 11.47
Base saturation % 99.93
Mn mg kg−1 16.80
Fe 20.80
Cu 0.70
Zn 4.80
Sand g kg−1 828.00
Silt 54.00
Clay 118.00
Texture Loamy sand

Table 3  Effects of compost 
types and their rates of 
application on growth and yield 
of Corchorus olitorius at 6WAS

ns not significant
*,** Significant at 5% and 1%, respectively, using Fisher’s protected LSD

Source of variation Plant height (cm) Number of 
leaves

Number of pri-
mary branches

Leaf fresh 
weight (t ha−1)

Leaf dry 
weight 
(t ha−1)

Compost type
 KW 20.61 7.76 3.35 1.67 0.54
 PM 20.96 8.75 3.36 1.72 0.55
 (Sig.) ns * ns ns ns
 LSD(0.05) 1.01 0.78 0.08 0.60 0.17

Rates
 0 17.55 7.18 2.36 1.43 0.47
 5 19.53 7.88 3.19 1.62 0.53
 10 21.08 8.42 3.60 2.06 0.63
 15 24.96 9.54 4.28 1.68 0.54
 (Sig.) ** ** ** ns ns
 LSD(0.05) 1.42 1.10 0.11 0.85 0.23

Compost * rate ** ns ** ns ns
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more than double compared to 0.005 mg kg−1 with KW 
amendment. The results also showed that various rates of 
compost amendment used were not significantly different 
on the heavy metal uptake in Corchorus leaf. However, 
interactive effects of the compost types and its rates fur-
ther showed significant (p ≤ 0.05) uptake and accumula-
tion of Cu in Corchorus leaf. The study showed that posi-
tive and significant (p ≤ 0.01) correlation exists between 
the heavy metals uptake in leaf tissue and biomass yield 
of Corchorus (Table 5). Both fresh and dry biomass of 
Corchorus leaf were highly correlated (p ≤ 0.01) with the 
heavy metals uptake except for Zn. Manganese and Zn 
uptake correlated significantly (p ≤ 0.05) with the number 

of primary branches, while Cu and Mn uptake were corre-
lated (p ≤ 0.05) with the plant height. Only Cu also showed 
significant correlation with mean number of leaves pro-
duced by Corchorus.

Discussion

The proximate composition of composted KW and PM 
applied as soil amendment in this study revealed that PM 
was higher in its organic constituent than KW. This explains 
why PM promoted significant increase in the number of 
leaves in Corchorus compared to KW. The higher concen-
tration of total P, Mg, Na and K found in the composted KW 
relative to PM was an indication of the presence of salts of 
these nutrients in the KW than PM. This showed that KW 
can serve as a good alternative to PM in supplying mineral 
nutrients required for growth and structural development 
of crops. This probably explains why there was no signifi-
cant difference between KW and PM on growth and yield 
recorded except on the number of leaves. However, higher 
concentration of heavy metals in PM than KW observed 
could be primarily from the feeds and drugs given to the 
poultry birds (Zhang et al. 2005; van Zanten et al. 2014). 
High concentration of heavy metals in PM compared to KW 
could, therefore, limit its use to reduce bioaccumulation of 
the metals in edible portion of Corchorus. Since heavy met-
als are known to be resistant to biodegradation with long 
biological half-life, coupled with the tendency of been taken 
up by Corchorus olitorius from amended soil, it follows that 
the metals can persist in the growth medium and contami-
nate the food chain (Garbarino et al. 2003; Jackson et al. 
2003; Sapkota et al. 2007).

The poor quality of the soil used for this study, as 
depicted by low concentration of nitrogen when com-
pared with critical level of 1.5–2.0 g kg−1 reported by 
Sobulo and Osiname (1981), justifies the need for organic 
amendment in such soil for production of leafy vegeta-
ble like Corchorus. Application of composted KW and 
PM as soil amendments increased Corchorus growth and 
yield in comparison with the control soil without amend-
ment. However, the high ECEC of the soil indicated that 
the soil exchange site was dominated by exchangeable 
bases particularly  Ca2+ and  Mg2+. Calcium,  Mg2+,  Na+ 
and  K+ concentrations in the soil were higher than critical 
levels of 1.5 cmol kg−1 for  Ca2+ (Enwezor et al. 1990), 
0.28 cmol kg−1 for  Mg2+ (Agboola and Ayodele 1985; 
FMANR 1990), 0.02 cmol kg−1 for  Na+ (Amalu 1997) 
and 0.15 cmol kg−1 for  K+ (Uponi and Adeoye 2000). 
Meanwhile, the concentration of Mn was higher than 
critical level of 1.00 mg kg−1 (Udoh et al. 2008). Iron was 
in several folds higher than critical level of 4.50 mg kg−1 
reported by Lindsay and Norvell (1978). Available Cu in 
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Plate 1  Composted kitchen 
waste (a) and poultry manure 
(b) used as soil amendment

Table 4  Heavy metal uptake 
by Corchorus olitorius leaves 
grown on soil amended with 
composted kitchen waste and 
poultry manure 6WAS

ns not significant, FEPA Federal Environmental Protection Agency, Nigeria
*,** Significant at 5% and 1%, respectively, using Fisher’s protected LSD

Source of variation Mn (mg kg−1) Fe (mg kg−1) Cu (mg kg−1) Zn (mg kg−1)

Compost type
 Kitchen waste 0.014 0.210 0.005 0.016
 Poultry manure 0.015 0.212 0.011 0.010
 (Sig.) ns ns ** ns
 LSD(0.05) 0.005 0.067 0.003 0.015

Rates (t ha−1)
 0 0.011 0.178 0.006 0.006
 5 0.013 0.196 0.006 0.008
 10 0.018 0.254 0.010 0.012
 15 0.017 0.218 0.009 0.025
 (Sig.) ns ns ns ns
 LSD(0.05) 0.007 0.094 0.004 0.022

Compost * rates ns ns * ns
 FAO/WHO/FEPA 

maximum limits
0.30 0.30 0.10 0.30

Table 5  Correlation analysis 
between yield parameters 
and heavy metal uptake in 
Corchorus olitorius leaves

LDW leave dry weight, LFW leaves fresh weight, NPB number of primary branches, PHt. plant height, NL 
number of leaves, ns not significant
*,** Correlation is significant at 5% and 1%, respectively, using Fisher’s protected LSD

Parameters Cu Fe Mn Zn LDW (t ha−1) LFW (t ha−1) NPB PHt. (cm) NL

Cu
Fe 0.71** –
Mn 0.75** 0.97** –
Zn − 0.02ns 0.15ns 0.24ns –
LDW (t ha−1) 0.68** 0.98** 0.94** 0.12ns –
LFW (t ha−1) 0.71** 0.98** 0.95** 0.10ns 0.99** –
NPB 0.33ns 0.25ns 0.43* 0.44* 0.18ns 0.20ns –
PHt. (cm) 0.46* 0.34ns 0.47* 0.11ns 0.27ns 0.28ns 0.78** –
NL 0.47* 0.16ns 0.31ns 0.30ns 0.12ns 0.31ns 0.73** 0.63** –
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this soil was above the critical value of 0.2 mg kg−1 given 
by Sims and Johnson (1991). Similarly, concentration of 
Zn in the soil was higher than critical value of 0.8 mg kg−1 
reported by Lindsay and Norvell (1978) and 0.5 mg kg−1 
according to Udoh et al. (2008).

The contribution of compost amendment to higher 
growth and yield of Corchorus compared to control soil 
without amendment was a reflection of the beneficial roles 
played by the compost amendment in enhancing crop yield 
(Chiu et al. 2006; Agbede et al. 2008). Although, beyond 
10  t ha−1 rate, PM-amended soil contributed to higher 
yield of Corchorus than KW, it may not be safe to use 
higher rate of PM as soil amendment since PM contains 
higher concentration of heavy metals. This, in a way, can 
reduce the source of contaminant and subsequent transfer 
of heavy metal to edible portion of Corchorus. Previous 
studies have reported that the origin of a particular com-
post material could be a potential source of heavy metals 
in the plant tissues (Petersen et al. 2003; Hanč et al. 2008).

The higher accumulation of Cu in Corchorus leaf with 
PM than KW reflected the higher concentration of Cu 
in PM amendment over KW. This observation implies 
that larger proportion of Cu from PM amended soil was 
translocated through roots to the leaf probably due to its 
high mobility. This finding is contrary to what Hanč et al. 
(2008) found in biomass of oat grown on soil amended 
with compost having high level of Cu. A lower uptake of 
Cu reported was adduced to localization in root tissue of 
oat. This showed that Cu uptake and mobility to upper 
part of the plant are not consistent and could vary with the 
type of crop. The declined Mn, Fe and Cu uptake at higher 
compost rate of 15 t ha−1, despite higher concentration of 
the metals in the soil, corroborates previous studies on 
the chelating impact of compost and organic amendments 
on heavy metal uptake by crops (Angelova et al. 2010). 
Although, the compost used in this study, especially the 
PM, had high levels of heavy metals, bioaccumulation in 
Corchorus leaf was lower than the maximum allowable 
limits by WHO/FAO/FEPA in vegetables. This was due to 
chelating reaction of the organic compounds in the com-
post or the role played by humic portion of the compost 
which immobilized the heavy metals (Tlustoš et al. 2006; 
Cooper et al. 2011; Oguntade et al. 2015). This showed 
that production of Corchorus with these composts under 
this condition was safe for human consumption without 
threat to health of the consumers.

The significant correlation of biomass yield with heavy 
metal uptake by Corchorus indicated that Mn, Fe and Cu 
contributed to leaf development and yield. In a similar 
study (Hanč et al. 2008), an increased in Cu uptake was 
found to be in close correlation with biomass yield of oat. 
Moreover, the correlation of Mn and Zn with the number 

of primary branches indicated that these metals induced 
primary branching in Corchorus.

Conclusion

It is evident in this study that composted KW can support 
Corchorus production favourably like composted PM. The 
higher concentration of P, K, Mg and Na in composted KW 
than PM in this study is worthy of note. Although, com-
posted PM had higher concentration of nitrogen and calcium 
than KW, the higher concentrations of heavy metals in the 
PM could be a major source of contaminant. Hence, usage 
of PM in vegetable production could contribute largely to 
heavy metal contamination of food crops than KW. Applica-
tion of 10 t ha−1 of composted KW and PM is suggested as 
soil amendment for optimum yield of Corchorus to reduce 
soil and food chain contamination by the toxic metals. How-
ever, while converting compostable wastes into organic ferti-
lizer, it is imperative to investigate the potential heavy metal 
status of any waste to be used in production of food crops to 
reduce possible transfer of toxic metals to human.

Acknowledgements The authors of this paper are thankful to the Labo-
ratory Technologist at the Crop/Soil Science Laboratory, College of 
Agricultural Sciences, Ayetoro Campus. We also appreciate Technolo-
gist at SMO Laboratory Services, Ibadan. Authors also acknowledge 
the efforts of Dr. AL Nassir for the editorial work on the manuscript.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Agbede TM, Ojeniyi SO, Adeyemo AJ (2008) Effect of poultry manure 
on soil physical and chemical properties, growth and grain yield 
of sorghum in South-West, Nigeria. Am Eurasian J Sust Agric 
2:72–77

Agboola AA, Ayodele OJ (1985) Prospects and problem of using soil 
testing for adoption of fertilizer use in Ekiti Akoko. Agricultural 
Development Project area. In: Ohun HW, Nagy JG (eds) Pro-
ceedings of workshop on appropriate technologies for farmers in 
semi-arid West Africa. Purdue University Press, West Lafayette, 
pp 123–136

Alam MGM, Snow ET, Tanaka A (2003) Arsenic and heavy metal 
contamination of vegetables grown in Samta village, Bangladesh. 
Sci Total Environ 308:83–96. https ://doi.org/10.1016/S0048 
-9697(02)00651 -4

Amalu UC (1997) Evaluation of properties of selected soils of Cross 
River State area and their management for increased cassava 
yields. Glob J Pure Appl Sci 4(3):243–249

Anderson JM, Ingram JSI (1993) Soil organic matter and organic car-
bon. In: Anderson JM, Ingram JSI (eds) Tropical soil biology and 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0048-9697(02)00651-4
https://doi.org/10.1016/S0048-9697(02)00651-4


194 International Journal of Recycling of Organic Waste in Agriculture (2019) 8:187–195

1 3

fertility: a handbook of method of analysis. CAB International, 
Wallingford, UK, pp 62–70

Angelova V, Ivanova R, Pevicharova G, Ivanov K (2010) Effect of 
organic amendments on heavy metal uptake by potato plants. In: 
Proceedings of the 19th world congress of soil science, soil solu-
tion for a change world, 1–6 August, Brisbane, Australia, Pub-
lished on DVD, pp 84–87

Bouyoucos GH (1951) A recalibration of the hydrometer for testing 
mechanical analysis of soil. Agron J 43:434–438. https ://doi.
org/10.2134/agron j1951 .00021 96200 43000 90005 x

Bray R, Kurtz L (1945) Determination of total organic and available 
forms of phosphorus in soils. Soil Sci 59:39–45. https ://doi.
org/10.1097/00010 694-19450 1000-00006 

Chen Z, Jiang X (2014) Microbiological safety of chicken litter or 
chicken litter-based organic fertilizers: a review. Agriculture 
4(1):1–29. https ://doi.org/10.3390/agric ultur e4010 001

Chiu KK, Ye ZH, Wong MH (2006) Growth of Vetiveria zizanioides 
and Phragmities australis on Pb/Zn and Cu mine tailing amended 
with manure compost and sewage sludge: a greenhouse study. 
Bioresour Technol 97:158–170. https ://doi.org/10.1016/j.biort 
ech.2005.01.038

Cooper J, Sanderson R, Cakmak I, Ozturk L, Shotton P, Carmichael 
A, Sadrabadi R, Tetard-Jones C, Volakakis N, Eyre M, Leifert C 
(2011) Effects of organic and conventional crop rotation, fertili-
zation and crop protection practices on metal contents in wheat 
Triticum aestivum. J Agric Food Chem 59:4715–4724. https ://doi.
org/10.1021/jf104 389m

Denloye AA, Makinde OSC, Ajelara KO, Alafia AO, Oiku EA, 
Dosumu OA, Makanjuola WA, Olowu RA (2014) Insects infest-
ing selected vegetables in Lagos and the control of infestation on 
Celosia argentea (L.) with two plant essential oils. Int J Pure Appl 
Zool 2(3):187–195

Enwezor WO, Udo EJ, Ayotade KA, Adepetu JA, Chude VO (1990) 
A review of soil and fertilizer use in Nigeria. In FPDD. Litera-
ture review on soil fertility investigations in Nigeria. (Volume 5 
North West Zone). Federal Ministry of Agriculture and Natural 
Resources, Lagos, pp. 241–

FMANR (Federal Ministry of Agriculture and Natural Resources) 
(1990) Literature review on soil fertility investigations in Nige-
ria. FMANR, Lagos

Garbarino JR, Bednar AJ, Rutherford DW, Beyer RS, Wershaw RL 
(2003) Environmental fate of roxarsone in poultry litter. I. Deg-
radation of roxarsone during composting. Environ Sci Technol 
37:1509–1514. https ://doi.org/10.1021/es026 219q

Hanč A, Tlustoš P, Száková J, Habart J, Gondek K (2008) Direct and 
subsequent effect of compost and poultry manure on the bioavail-
ability of cadmium and copper and their uptake by oat biomass. 
Plant Soil Environ 54(7):271–278

Jackson BP, Bertsch PM, Cabrera ML, Camberato JJ, Seaman JC, 
Wood CW (2003) Trace element speciation in poultry litter. J 
Environ Qual 32:535–540. https ://doi.org/10.2134/jeq20 03.0535

Jayasuriya KMGG, Baskin J, Geneve RL, Baskin CC (2007) Morphol-
ogy and anatomy of physical dormancy in Ipomoea lacunosa: 
identification of the water gap in seeds of Convolvulaceae (Sola-
nales). Ann Bot 100:13–22. https ://doi.org/10.1093/aob/mcm07 0

Jonathan SG, Oyetunji OJ, Olawuyi OJ, Asemoloye MD (2012) Growth 
responses of Corchorus olitorius Lin. (Jute) to the application of 
organic manure as an organic fertilizer. Acad Arena 4(9):48–56

Lindsay WI, Norvell WA (1978) Development of DTPA soil test for 
zinc, iron, manganese and copper. Soil Sc Soc Am J 42:421–428. 
https ://doi.org/10.2136/sssaj 1978.03615 99500 42000 30009 x

Mazen A, Faheed FA, Ahmed AF (2010) Study of potential impacts 
of using organic manure in the amendment of desert reclaimed 
soil on wheat and Jews mallow plants. Braz Arch Biol Technol 

53(4):917–930. https ://doi.org/10.1590/S1516 -89132 01000 04000 
22

Misra RV, Roy RN, Hiraoka H (2003) On-farm composting methods. 
Land and water discussion paper 2. Food and Agriculture Organi-
zation of the United Nations, Rome, pp 1–48

Moral R, Paredes C, Bustamante MA, Marhuenda-Egea F, Bernal MP 
(2009) Utilisation of manure composts by high-value crops: safety 
and environmental challenges. Bioresour Technol 100(22):5454–
5460. https ://doi.org/10.1016/j.biort ech.2008.12.007

Nelson DW, Sommer LE (1996) Total carbon, organic carbon and 
organic matter. In: Sparks DL (ed) Methods of soil analysis. 
Part 3. SSSA book series no 5. SSSA Madison, Wisconsin, pp 
960–1010

Ng CC, Rahman MM, Boyce AN, Abas (2016) Heavy metals phyto-
assessment in commonly grown vegetables: water spinach (I. 
aquatica) and okra (A. esculentus). SpringerPlus 5:469. https ://
doi.org/10.1186/s4006 4-016-2125-5

Oguntade OA, Adebari TO, Odusanya OA, Oduntan OB (2015) The 
role of composted poultry manure in reducing bioavailability of 
heavy metals in tissues of Celosia argentea L. grown on dumpsite 
and garden soils. In: Rahmann G, Olabiyi TI, Olowe VIO (eds) 
Scientific track proceedings of the third african organic confer-
ence, Lagos, Nigeria, pp 89–92

Okalebo JR, Gathua KW, Woomer PL (1993) Laboratory methods of 
soil and plant analysis: a working manual. TSBF, Nairobi

Oyedele DJ, Asonugho C, Awotoye OO (2006) Heavy metals in soil 
and accumulated by edible vegetable after phosphate fertilizer 
application. Electron J Environ Agric Food Chem 5(4):1446–1453

Petersen SO, Henriksen K, Mortensen GK, Krogh PH, Brandt KK, 
Sorensen J, Madsen T, Petersen J, Gron C (2003) Recycling 
of sewage sludge and household compost to arable land: fate 
and effects of organic contaminants, and impact on soil fertil-
ity. Soil Tillage Res 72:139–152. https ://doi.org/10.1016/S0167 
-1987(03)00084 -9

Samra I, Piliz S, Ferdag C (2007) Antibacterial and antifungal activity 
of Corchorus olitorius L. (Molokhia) extracts. Int J Nat Eng Sci 
1(3):39–61

Sapkota AR, Lefferts LY, McKenzie S, Walker P (2007) What do we 
feed to food-production animals? A review of animal feed ingredi-
ents and their potential impacts on human health. Environ Health 
Perspect 115:663–670. https ://doi.org/10.1289/ehp.9760

Schippers RR (2002) African indigenous vegetables. An overview of 
the cultivated species. Natural Resources International Limited 
and 94 Horticultural Development Services. Natural Resources 
Institute/ACP-EU Technical Centre for Agricultural and Rural 
Cooperation, Chatham

Sims JT, Johnson GV (1991) Micronutrient soil test. In: Mortvedt JJ, 
Cox FR, Welch LM (eds) Micronutrients in agriculture, vol 4, 2nd 
edn. Soil Science Society of America book series. Soil Science 
Society of America, Madison

Sobulo RA, Osiname OA (1981) Soils and fertilizer use in Western 
Nigeria. Res Bull IART Ib 11:20–26

Tlustoš P, Szakova J, Korinek K, Pavlikova D, Hanc A, Balik J (2006) 
The effect of liming on cadmium, lead and zinc uptake reduction 
by spring what grown in contaminated soil. Plant Soil Environ 
52:16–24

Tolorunse KD, Ibrahim H, Aliyu NC, Oladiran JA (2015) The qual-
ity of jute mallow seeds exposed to different hot water-steeping 
and cooling protocols. Am J Exp Agric 7(2):107–117. https ://doi.
org/10.9734/AJEA/2015/12517 

Udo EJ, Ibis TO, Ogunwale JA, Ano AO, Esu IE (2009) Manual of 
Soil, Plant and Water Analysis. Sibon Books Ltd, Lagos

Udoh BT, Ibia TO, Udo BU, Edem SO (2008) Assessment of micro-
nutrient status of inland depression and floodplain (wetland) soils 

https://doi.org/10.2134/agronj1951.00021962004300090005x
https://doi.org/10.2134/agronj1951.00021962004300090005x
https://doi.org/10.1097/00010694-194501000-00006
https://doi.org/10.1097/00010694-194501000-00006
https://doi.org/10.3390/agriculture4010001
https://doi.org/10.1016/j.biortech.2005.01.038
https://doi.org/10.1016/j.biortech.2005.01.038
https://doi.org/10.1021/jf104389m
https://doi.org/10.1021/jf104389m
https://doi.org/10.1021/es026219q
https://doi.org/10.2134/jeq2003.0535
https://doi.org/10.1093/aob/mcm070
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1590/S1516-89132010000400022
https://doi.org/10.1590/S1516-89132010000400022
https://doi.org/10.1016/j.biortech.2008.12.007
https://doi.org/10.1186/s40064-016-2125-5
https://doi.org/10.1186/s40064-016-2125-5
https://doi.org/10.1016/S0167-1987(03)00084-9
https://doi.org/10.1016/S0167-1987(03)00084-9
https://doi.org/10.1289/ehp.9760
https://doi.org/10.9734/AJEA/2015/12517
https://doi.org/10.9734/AJEA/2015/12517


195International Journal of Recycling of Organic Waste in Agriculture (2019) 8:187–195 

1 3

in Akwa Ibom State, South eastern Nigeria. J Trop Agric Food 
Environ Ext 7(2):156–161

Uponi JJ, Adeoye GO (2000) Soil testing and plant analysis: an over-
view. In: Akoroda MO (ed) Agronomy in Nigeria. Department of 
Agronomy, University of Ibadan, Ibadan, pp 174–182

van Zanten HHE, Mollenhorst H, de Vries JW, van Middelaar CE, van 
Kernebeek HRJ, de Boer IJM (2014) Assessing environmental 
consequences of using co-products in animal feed. Int J Life Cycle 
Assess 19:79–88. https ://doi.org/10.1007/s1136 7-013-0633-x

Walkley A, Black CA (1934) An examination of the Degtjareff method 
for determining soil organic matter and a proposed modification 
of the chromic acid titration method. Soil Sci 37:29–38. https ://
doi.org/10.1097/00010 694-19340 1000-00003 

Wang XH, Song YP, Ren J, Liu TK, Hou XL, Li Y (2013) Response 
of biomass and photosynthesis in non-heading Chinese cabbage 
excess copper. J Anim Plant Sci 23:1659–1665

Yang XE, Long XX, Ni WZ, Ye ZQ, He ZL, Stoffella PJ, Calvert DV 
(2002) Assessing copper thresholds for phytotoxicity and potential 
dietary toxicity in selected vegetable crops. J Environ Sci Health 
B 37:625–635. https ://doi.org/10.1081/PFC-12001 5443

Zhang SQ, Zhang FD, Liu XM, Wang YJ, Zou SW, He XS (2005) 
Determination and analysis on main harmful composition in 
excrement of scale livestock and poultry feedlots. Plant Nutr Fert 
Sci 11:822–829

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11367-013-0633-x
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1081/PFC-120015443

	Assessment of composted kitchen waste and poultry manure amendments on growth, yield and heavy metal uptake by Jute mallow Corchorus olitorius Linn.
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Description of the study site
	Collection and preparation of kitchen waste and poultry manure as compost
	Plot establishment, soil sample collection and preparation
	Corchorus seeds preparation and sowing
	Agronomic data collection
	Chemical analysis of compost manure
	Soil analysis
	Heavy metal analysis in plant samples
	Data analysis

	Results
	Chemical composition of compost manure

	Discussion
	Conclusion
	Acknowledgements 
	References




