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Abstract
Contamination o f agricultural lands by heavy metals poses serious threat on human health 
through food chain. The use o f organic amendments to immobilize metal in contaminated 
medium and prevent crop contamination is preferred because o f its cosl-effectiveness and 
environment-friendliness. In this research, ejfects o f different organic amendments (Mexican 
sunflower extract, Compost, Compost tea andpoultry manure tea) were tested on thè growth, 
chlorophyll contents lead uptake, protein andyield ofTelfaria occidentalis (Flutedpumpkin) 
grown on leadpolluted soil. These were applied at different rates andperiod (two week before 
and afler planting o f ugwu seeds). Results showed that T. occidentalis grown on organic 
amended soils performed better in all thè parameters considered compared to contivi 
(contaminated soils only). Amendment with organic materials increased thè vine length, 
number ofleaves.fresh and dry weight. Application ofthè treatments two weeks before planting 
was better than after planting. In terms o f chlorophyll contents those treated with oiganic 
materials had more chlorophyll than control. Organic treated soil also reduced Pb 
concentration in thè crop compared to untreated contaminated control. Organic amendment 
therefore, enhanced crop growth on contaminated soil and reduced metal accumulation.

Introduction
The issue of land contamination by heavy metal which stemmed from increase in urbanization and 
industrialization is now posing a great challenge to agricultural production most especially in thè 
developing countries. This has led to several hectares of land mostly in urban and peri-urban centres 

. being contaminated by heavy metals thereby reducing thè amount o f cultivable land for crop 
production. Soil contamination apart from reducing thè agricultural productivity also poses significant 
threat on human health through food chain (Eriyamremu et al. 2005). Toxic levels o f lead (Pb) in 
cultivated crops have been widely reported (Sharma et al., 2007). Heavy metals are said to enter into 
animals and human beings through ingestion of contaminated plants/crops (CDC, 1991).

Vegetables are important part o f human diet all over thè world. It constitutes a potential source of 
nutrients and food components which have significant health effeets. Telfaria occidentalis (Fluted 
pumpkin)popularly known as Ugwu, is one of thè popular vegetables widely consumed in thè 
Eastem/Westem parts of Nigeria for its medicinal and nutritive values. It has high concentration of iron
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(Fe) which makes it a source of food supplements for people suffering from blood shortages. It is mostly 
cultivated by women in urban centres along with other vegetables. With thè recent advocate on thè 
promotion of urban and peri-urban agricolture coupled with thè exhaustion and unavailability of 
cultivable arable lands in urban and peri-urban areas, contaminated lands are being converted to 
agriculturaluses thereby posing a lot of risks to human health. Conventional methods to clean up metal 
contaminated soils are capitai intensive, not applicable to large areas and some are not sustainable.

The available options are development of sustainable strategies to remediate these lands or 
immobilize thè contaminants thereby preventing their uptake. In this study, different forms and types of 
organic amendments (dry compost, compost tea, green manure tea and poultry manure tea) applied at 
different rates on thè growth, Pb uptake, chlorophyll content, Protein and yield of Telfariaoccidentalis 
were assessed. Assessment of thè effects o f  organic amendments on thè growth and biochemical 
properties of crops grown on contaminated soil will help in determining thè efficiency of different forms 
o f organic amendments on metal uptake by crop and provide understanding of their effects on crop yield. 
The major aim was to increase soil nutrient contents and pH with these materials so as to increase yield 
and decrease Pb uptake by Ugwu grown on contaminated soil.
Materials and Methods
Description of thè experimental site and soil sampling procedure
The study was carried out using thè soil collected from a lead-acid battery waste contaminated site at 
Kumapayi village in Egbeda Locai Government Area, Oyo State, Nigeria. The site contains high amount 
o f  heavy metals(Pb: 138,000mg/kg, Cu: 482mg/kg, Zn: 1510mg/kg, Cr: 12.3mg/kg and Cd:
41.3mg/kg) (Adejumoe/ a l, 2011) and covers about 24,985 m \ Soil sampling was carried out at 0-15cm 
depth and specific quantity of soil was taken at fi ve different locations for physico-chemical analysis and 
pot experiment. The soil was homogenized, air-dried and sieved.

Preparation of different organic products used for thè experiment
Organic amendments used include; Mexican sunflower extract, Dried compost, Compost and poultry 
manure tea. Leachate production from fresh Tithoniadiversifolia was carried out by cutting thè middle 
aged plants, weighed to know thè fresh weight and then packed inside a 250 litres capacity plastic pot 
using partially aerated composting technique. The pot was perforated at thè bottom and placed on a 
501itres capacity bucket to collect thè leachates. Dried compost was made from Mexican sunflower and 
Poultry manure in ratio 3:1 using PACT techmique (Adedirane t a/.2001) and Poultry manure tea was 
prepared using partially aerated extraction method as described by Pant et a l ,  (2012) with small 
modifications.
Experimentalprocedure
The five treatments (Mexican sunflower leachate; SL, Poultry manure tea; PM Compost tea; COT, 
Compost; COM and Control) were replicated 4 times using three application rates (0 ,20t/ha, 30t/ha and 
40t/ha). The treatments also included application period (one week before (BP) and after planting (AP) 
of Ugwu seeds). For thè compost tea and sunflower leachates, thè quantity applied was calculated based 
on thè amount of leachates produced from thè known quantity of dry compost and fresh 
Tithoniadiversifolia respectively. For compost application rate of20t/ha, 30t/ha and 40t/ha, thè quantity 
of tea or leachates applied was 15.15 (RI), 22.73 (R2), and 30.30mls (R3) per 5kgsoil for thè soil 
receiving 20t/ha (RI ), 30t/ha (R2) and 40t/ha (R3) respectively.
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Data collection
Data were collected on yield parameters, Chlorophyll content using thè method explained by Akparobi, 
(2009). Dry matter yield was determined at harvesting. The ash content was detennined by ashing 
specific quantity of leaf sample in a muffle fumace at 500°C for 12hours. Nitrogen was determined using 
macrokjeldahl method and protein content was calculated by multiplying thè values obtained for 
Nitrogen by 6.25 factor (Akanbief a l, 2007). Lead (Pb) content of thè edible part (Leaf) was determined 
by Adejumo et al. (2011) and analysed for Pb content using Atomic Absorption Spectrophotometer 
(AAS).

Data analysis: Data collected were analysed using analy sis of variance and thè means were separated 
using DMRT at 5% probability level.

Results
Dry matter yield of Ugwuon contaminated soil amended with organic matcrials
Both fresh and dry weight of ugwu planted on contaminated soil responded positively to organic 
amendments. The fresh weight was enhanced mostly by thè application of compost before planting at 
every rate. It was increased by 143% in plant treated with thè highest rate of compost compared to 
control. This was followed by those of COLR1BP and SLR1AP. he lowest value was however recorded 
in those treated with poultry manure tea after planting (PMR2AP). Similarly, thè shoot dry matter yield 
also followed thè same trend. The root fresh weight was enhanced with compost tea treatment which 
gave thè highest value followed by sunflower leachate, both applied after planting (Figi).
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Figure 1: Dry matter yield of Ugwuon contaminated soil amended with organic materials
NB: Mexican sunflower leachate; SL, Poultry manure tea = PM, Compost tea= COL, Compost; COM and 
CONTL= Control on Pb soil, CONTN = Control on Normal soil) Rl=20t/ha, R2 = 30t/ha and R3 = 40t/ha; 
BP= Before Planting, AP=After Planting.

Heavy metal (Pb) uptake,Ash content, nitrogen and protein content ofUgwu (Fluted pumpkin) leaf 
from contaminated soil amended with organic amendments
The Pb concentration in thè harvested ugwu leaf from Pb contaminated soil (825mg/g) was more than 
that of uncontaminated soil (5.34mg/g). Though, higher than thè EU permissible level in edible plant 
part, application of organic amendments generally reduced theJevel of contamination by reducing thè
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concentrations of Pb in thè harvested leaf compared to control. Lower rate of compost tea applied at two 
weeks after planting reduced Pb concentration in thè leaf more than other treatments (16.01mg/g). 
Except in COLRIBP treatment, thè ash contents of thè Ugwu leaves from all thè organic amendment 
treatments increased more than that of control from contaminated and uncontaminated soils. Addition of 
organic amendments in any form at any rate and different timing enhanced nutrient accumulation by 
ugwu leaf. The lowest was however recorded in thè control from contaminated soil. The same trend was 
observed in terms of nitrogen and protein contents of ugwu leaf in response to different organic 
amendments since protein content is a factor of nitrogen content. However, those leaves from lead 
contaminated soil had more of nitrogen and protein than those from normal soil irrespective o f thè 
treatments except in COLR1BP and COLR3 AP(Table 1 ).

Table 1. Pb uptake, Ash content, Nitrogen and Protein content of Ugwu on contaminated soil
Treatments Pb (mg/kg) Ash content 

(g/g/DW)
Nitrogen (%) Protein content 

(mg/g FW)
CONTL 
CONTN 
COM RI BP 
COMR1AP 
COMR2BP 
COMR2 AP 
COMR3BP 
COMR3 AP 
PMR2BP 
PMR2AP 
PM RI BP 
PM RI AP 
PMR3BP 
PMR3AP 
COLRIBP 
COLRIAP 
COLR2BP 
COLR2AP 
COLR3BP 
COLR3AP 
SLR2 BP 
SLR2AP 
SLR1 BP 
SLR1 AP 
SLR3BP 
SLR3 AP

825.00a 0.03i 4.67e
5.34v 0.18g 4.01 m
417.00e 0.49ab 5.13b
373.OOg 0.47b 5.30a
362.50Ì 0.37cd 4.86c
61.30s 0.46b 4.65e362.50Ì 0.37cd 4.86c
61.30s 0.46b 4.65e
362.50Ì 0.37cd 4.86c
61.30s 0.46b 4.65e641.00c 0.33e 4.85c
205.50p 0.34cd 4.75d217.00o 0.23f 4.3 lj227.00m 0.33e 4.25k32.20t 0.1 Ih 3.41p16.01u 0.30e 4.88c123.00r 0.20f 4.50g177.00q 0.30e 4.53fg318.50k 0.52a 4.211330.50j 0.53a 3.48o233.501 0.24f 4.55f432.50d 0.36cd 4.88c364.50h 0.2 lfg 4.39i223.00n 0.49ab 4.39i767.00b 0.38c 4.10m379.00.f 0.50a 4.40h

31.38e
26.95k
34.47b
35.62a
32.66c
31.25e
32.66c
31.25e
32.66c
31.25e
32.60c
31.92d
28.96h
28.56Ì
22.92m
32.80c
30.24f
30.44f
28.29Ì
23.391
30.58f
32.79c
29.50g
29.50g
27.56j
29.57g

NB^Me^ipon g0 bnlhC ' T 6 uPhaoet arg 1101 s'8niflcamly d i reni from each other at P<0.0S usine DMRT-------------
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Chlorophyll contents
Lead contamination reduced thè chlorophyll content by 50% in thè ugwu plant grown on un-amended 
contaminated soil compared to those grown on normal soil. The result o f thè effect o f organic 
amendments on thè chlorophyll content o f Ugwu planted on lead polluted soil showed that organic 
amendment enhanced chlorophyll formation in Ugwu planted on contaminated soil compared with 
control. The responses however varied based on thè form and rate o f organic materials. Addition of 
higher rate of dry compost both before and after planting (i.e COMR3BP and COMR3AP), poultry 
manure tea after planting, sunflower leachate before and after planting (SLR3BPand SLR3AP) 
increased thè chlorophyll content by 50-55% compared to control plant on Pb contaminated soil (Fig 2).

Chlorophyll contents
^  20 T

Figure 2: Chlorophyll contents of Fluted pumpkin grown on organic amended contaminated soil

Discussion
Organic amendments as previously reported (Chaney et al., 2000; Adediran et al., 2001; Adejumo 
2010; Fleming et al., 2011) was able to increase crop growth on this contaminated soil and reduced thè 
metal uptake by thè crop. The use o f dry compost performed better than thè tea or thè leachate because it 
has thè ability to be retained more in thè soil than its liquid counterparts which are proned to leaching. 
Increase in thè growth and yield of treated ugwu confirmed thè previous reports on thè ameliorative 
effect o f organic amendments on heavy metal stressed plant (Fleming et al., 2011). Availability of 
nutrient as well as thè ability o f organic amendment to increase pH and soil redox potential is said to help 
in reducing metal solubility and uptake by plant. As observed in this study, thè Pb concentration in thè 
organic treated plants (though higher than that o f thè uncontaminated soil), were lower than 
control(Salatief al., 2010). The Chlorophyll concentrations ofthe leaves were significantly higher in 
Ugwu grown in organic amended contaminated soil. This confirmed thè report that organic amendment 
increased thè formation o f organo-Fe complexes (Chen and Stevenson, 1986) which in tum enhances 
chlorophyll formation as Fe is very important in chlorophyll formation. Organic amendment has been 
reported to be a major source o f iron-humate complex which has been reported to be more effective in 
increasing crop Fe-nutrition and has been used to correct Fe-deficiency in crop. With increase in 
chlorophyll content thè photosynthetic ability of crop is also increased and this was revealed in thè yield 
o f Ugwu grown on amended soil as compared to control. Since ash content o f thè plant is a fìinction o f 
thè nutrient composition o f such plant, thè control plant which probably had thè lowest nutrient contents 
also contained thè lowest quantity o f ash. According to Hussain et al. (2012), stress factor such as heavy
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metal contam ination in plant enhances thè production o f  stress protective proteins in  plants as was 
observed in this study, where protein and nitrogen contents contrary to w hat w as expected , w ere  higher 
in all thè plant from  contam inated soil m ore than that o f  control plant from  norm al soil.

Conclusion
Organic am endm ents increased thè y ield o f  ugw u on contam inated soil. E ncouraging and prom oting  thè 
use o f  organic am endm ent will help in preventing contam ination o f  this vegetab le w ith  heavy  m etals.

References
Adediran J.A., Taiwo L.B., Sobulo R. A. 2001. Effect of organic wastes and method of composting on 

compost maturity, nutrient composition of compost and yields of two vegetable crops. 
Journal o f  sustainableAgriculture, 224:95-109.

Adejumo S.A., Togun A.O.,Adediran J.A. andOgundiran M.B, 2011. Field assessment of progressive 
remediation of soil contaminated with lead-acid battery waste in response to compost 
application. Pedologist, 54(3): 182-193.

Akanbi, W.B. Adebooye C.O., Togun A.O., Ogunrinde J.O. and S.A. Adeyeye 2007 Growth, Herbage 
and Seed Yield and Quality of Telfairiaoccidentalis as Influenced by Cassava Peel Compost 
and Minerai Fertilizer World Journal of Agricultural Sciences 3 (4): 508-516, 2007 ISSN 
1817-3047.

Centro for Disease Control. 1991. Preventing lead poisoning in young children. U.S. Department of 
Health and Human Service Atlantic GA. Public Health Service centres for disease control. 
Chemistry, 140:315-322.

Chen, Y., and Stevenson, F. J., 1986, Soil organic matter interactions with trace elements.
in: Y. Chen, and Y. Avnimelech, eds., The Rote of Organic Matter in Modem Agriculture, 
Kluwer Academic Publishers, Dordrecht,The Netherlands, pp. 73-116.

Eriyamremu, G.E., S.O. Asagba, A. Akpoborie & S.I. Ojeaburu. 2005. Evaluation of lead and cadmium 
levels in some commonly consumed vegetables in thè Niger-Delta oil area o f Nigeria. 
Bulletin ofEnvironmental Contamination andToxicology 75:278-283.

European Uion. 2006. Commission regulation (EC) No. 1881/2006 o f 19 December 2006 setting 
maximum levels for certain contaminants in foodstuffs. Officiai Journal of European Union 
L364/5.

Fleming Margaret, Tai Yiping, Zhuang Ping, McBride Murray B. 2013. Extrctability and bioavailability 
of Pb and As in historically Contaminated orchard soil: Effects of compost amendments 
EnvironmentalPollution 177:90-97.

Pant, A., Radovich, T.J.K., Hue, N.V., Talcott, S.T., Krenek, K.A., 2009. Vermicompost extracts 
influence growth, minerai nutrients, phytonutrients and antioxidant activity in Pak choi 
(Brassica rapa cv. Bonsai Chinensis group) grown under vermicompost and Chemical 
fertilizer. J. Sci. Food Agric. 89,2383-2392.

Salati S., G. Quadri, F. Tambone, F. Adani 2010. Fresh organic matter of municipal solid waste 
enhances phytoextraction of heavy metals from contaminated soil. Environmental 
Pollution 158(2010) 1899-1906.

Sharma, R. K., M. Agrawal & F. M. Marshall. 2007. Heavy metals contamination o f soil and vegetables 
in suburban areas ofVaranasi, India. Ecotoxicology and Environmental Safety 66:258-266.

262

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY


