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Abstract
Heavy metal contamination of soils used for cropivation constitutes danger to biodiversity covsgion and
environmental health. This study therefore invegd heavy metal accumulation in soils used foretedge
cultivation and their effects on the diversity amobundance of arthropods. Analysis of soil samptdeated
from selected plots used for leafy vegetable catibn viz; Corchorus olitorius L. (Tiliaceae), Amaranthus
hybridus (Amaranthaceae) an@elosia argentea (Amaranthaceae) showed different levels of heawtamn
contamination. Insect abundance and diversity feawh vegetable plant was also recorded. Zinc wasnibst
accumulated with concentrations ranging from 3.@fkiap to 4.99 mg/kg. Copper was next with conceitrat
ranging from 0.71 mg/kg to 0.95 mg/kg in the sGiadmium was the least accumulated of all the heaetals
in soils from the three vegetable sites. A total 22 different insect species were recorded at raiffe
physiological growths of leafy vegetables at thedgtarea in 2011/2012 cropping seasdignenia recurvalis
was the most abundant insect pest species ranging 34.86 inA. hybridus to 16.96 inC. Olitorius in 2011.
The insect pests’ incidence had a similar trendbfith years. The concentration of heavy metals filtumstudy
did not exceed safe limits, hence there was a dhitndance and diversity of insects found on théylea
vegetables.
Key words: heavy metals, accumulation, arthropod abundansect diversity, Leafy vegetables.

Introduction

Vegetable production has become a profitable engerand very popular in Nigeria. They are eithdticated

for their edible fruits or nutritional leaves (Oroge & Ajani 2009). However in recent times, the dhar
economic downturn has made many people who otherwimuld not engage in farming to take to vegetable
production either as full time occupation due ttvenechment or forced retirement or as a part-tictésigy in
order to augment household earnings. This hasdeahtunprecedented increase in the utilizationllofaads
available within the metropolitan areas of the baust particularly in Lagos, Ogun and Oyo States fo
agricultural and horticultural purposes (Omoloyéfgani 2009).

The commonest sources of contamination of urbaitwdtyral soils especially in the southwest Nigedre
deposition of wastes of domestic, municipal andigtdal origin as well as agrochemical contaminamsopen
dumps sites which decompose resulting to undegtadaintaminants (Margaret 1998; Simenal. 2011).
Heavy metals such as lead, mercury and cadmium heee implicated by the World Health Organization
(WHO) as primary causes of cancer, natural moytdlitestock health problems, serious human heaitilems
and nerve damage (Coyer 1971, Ananda 1976). lbi& probable that majority of these urban agricaltsites
are heavily contaminated with heavy metals duedarmess to industrial wastes, automobile emissibs
factory effluents (Glenmt al. 1993). These heavy metals are toxic to man arestineck when present in diets
beyond certain limits as established by codex altaréus (Glenret al. 1993, Ogunyemit al. 2003). In terms of
heavy metal contamination, the safety of these taddes from urban garden farm is of utmost concern
(Ogunyemiet al. 2003). In agricultural ecosystems, where aniraaihfng and related agricultural practices are
intensive, heavy metals can reach the soil duddoapplication of commercial fertilizers, sewagadge and
pesticides, which may usually contain a wide varabf heavy metals as impurities (Nicholsemnal. 2003).
Therefore, soil can behave as a sink for heavy Ime¢sulting from agricultural practices (Francdelet al.
2008). Also, as advantageous as organic matteraugloultry droppings are to vegetable productpsdyving

as a source of nitrogen, phosphorous and sulphtigwever has a binding capacity for cations arghiic
contaminants (Ostet al. 2002). Heavy metals have been found to accumutaturface organic layers in
agricultural and urban soils (Dragodcal. 2008).

This study therefore investigated the level of lyeanetal accumulation in intensively pesticide-uagdcultural
soils and their effects on the abundance of insgeties of three leafy vegetables in Lagos State.
MATERIALSAND METHODS

Study site: The study site where the soil samples were cealtefitr heavy metal contamination was Odogunyan
in lkorodu, Lagos State. It is located within theographic coordinates of’3'23"N and ZB1'29"E. The
agricultural farmland in Odogunyan was initially o@d by the government but was allocated to private
individuals as far back as the 60’'s for vegetahlitivation. The farmers rely heavily on the useoofanic
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manure (poultry droppings) and pesticides to enbigmoductivity. The major leafy vegetables cultadtin
monocropping systems wef@orchorus olitorius L. (Tiliaceae), Amaranthus hybridus (Amaranthaceae) and
Celosia argentea (Amaranthaceae).

Soil sample collection: A Dutch auger with graduated markings to allow degermination of penetration depth
was use for the collection of soil samples. Fiftseil samples were randomly collected, five eadmfreach
mono-cropped leafy vegetable plots of 2 ha, locatsddogunyan were collected from the depth of ©@x15The
soil samples were put into black polythene bags @magerly labelled. The soil samples were then st
following the method of AOAC (1984). The digestetirples were analysed for heavy metal using the f&tom
Absorption Spectrometer (AAS) following the methdescribed by AOAC (1984). A 1g sample of soil was
weighed into a conical flask to which 10ml percidacid and atomic acid in ratio 1:5 was added. frineure
was heated gently to avoid frothing after which tvaperature was increased till clear white fume esmitted.
The digested sample was washed into 5ml flask aadienup to mark with de-ionised water. The heavyalaet
(copper, zinc, nickel, cadmium, lead and chromiwmgre detected by aspiration on the Atomic Absorptio
Spectrometer. The physico-chemical parametersib§amples were also analysed.

Insect samplings. The insect populations from the three differentetagle plots were sampled very early in the
morning when the insects were less active througtioe study period, commencing from one week after
planting (WAP). The samples were collected on diaddines in each plot on 30 randomly selected tslamd
three leaves were selected randomly, one eachtfiertop, middle and bottom parts of the plant. ihebers

of insects on the vegetable plants were recordetywdirect method to enable for quantitative estioraof
insect incidence on the leafy vegetables. Flyirapdats were also collected non-discretely using pwet over
each vegetation cover along a transect and fasigfiypsects were counted insitu using tally couireall the
experimental plots.

All data collected were subjected to analysis afarece (ANOVA) and mean separation was done udieg t
Turkey Honestly Significant Difference test (Turkid$D) at 5% level of probability (SAS, 1999).

RESULTS

Soil analysis: The result of the physico-chemical parameterbfseimples is presented in Table 1. The gdil
for the three stations was slightly acidic witheage of 6.56 to 6.77 (Table 1). The various parareeheasured
were soil moisture, organic matter, total orgaréebon and soibH. These were not significantly different
(P>0.05) across all three vegetable stations (Tapl&he level of contamination of the vegetabkishs by
heavy metals did not also vary significantly (P<&).0n all soil samples (Table 2). Zinc was the most
accumulated with concentrations ranging from 3.@fkoy to 4.99 mg/kg. Copper was next with conceittrat
ranging from 0.71 mg/kg to 0.95 mg/kg in the sGiadmium was the least accumulated of all the heaetals

in soils from the three vegetable sites. These @atnations were significantly lower than the maximtolerable
limit for heavy metals in the soil (Codex FAO, 1996

Insect abundance: A total of 22 different insect species were reearat different physiological growths of the
leafy vegetables at the study area in 2011 and 2€d@hing seasons (Tables 3 and 4). Among the tineets,
Hymenia recurvalis was the most preponderant ranging from 34.88.ihybridus to 16.96 inC. Olitorius in
2011 and a mean value of 16.35 at week 3 on Amaian?012. This was closely followed B\phis gossypii
which was even distributed on all three leafy vabkts from one to three weeks after planting (Té)le
Podagrica uniforma and P. gostedti were present in all vegetables sampled with highean populations of
3.85 and 4.75, respectively in 2011©@nOlitorius wherea<C. argentea had the least mean populations of insect
pests on it at the third week (Table 3). Some ingests such aPsara bipunctalis, Logria species and
Alaucophora species were not recorded on Celosia in 2011 and a sirtiéard was recorded farogria species
andAlaucophora speciesin 2012 (Table 4).

Ant species encountered were not herbivores boératatural enemie€amponotus was the most abundant of
the natural enemies with the highest mean populagoord of 38.14 on Celosi@ecophylla longinoda was
found attracted to honeydew secretion from Aphius therefore found on all the three leafy vegeabdading
A. gossypii. The species dEpilachna beetle recorded on the leafy vegetables was ndbphgous.

DISCUSSION

Soil analysis. Organic matter content, pH and bioavailabilityhefavy metals are critical factors for the heavy
metal accumulation in soils (Osteal. 2001). Van Gestadt al. (1997) reported that increase in organic matter,
increased Zn concentrations in the soil. High catration of Zn recorded in all the soil sampleghe study
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area could be as a result of the application oftpodough which invariably increased the organiatier of the
soil. Also, the coexistence of heavy metals sucRlasnd Cd in the sampled stations has a lot df@mwental
implication. When heavy metals coexist in the emwinent, it is important to confirm the exact intdian
among these metals because it will significantlfectf their bioaccumulation processes in organismd a
toxicologically effects on different biological lels (Wuet al. 2012).

Effects of heavy metals on insect species: A major observation at the vegetable cultivationkiorodu was the
intensive used of agricultural inputs such aslfeetis and pesticides which inadvertently led toumeulation of
heavy metals in the soil. This assertion is in coasice with Miccet al. (2006) and Franco-Uriet al. (2009)
who affirm that the main source of Cd in agricudtusoils is the use of various fertilizers and joabts.
Cadmium is found predominantly in phosphatic femtits because it is commonly present as impurity in
phosphatic rocks while Zn and its compounds areslyidised in agricultural fertilizers and cattlersju It is
well known that the occurrence of heavy metalsatliyeaffected the abundance of insect species getables
(Omoloye & Ajani 2009). However, in this study tthistribution of insects encountered as well asathendance
of each species was not quite different from thayaof arthropods found on leafy vegetables (Okianéb al.
2008, Omoloye & Ajani 2009). The concentration ety metals from this study did not exceed safédiand
there were diverse occurrences as well as abunddirethropod species on the three leafy vegetables
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Table 1: Mean values of soil physico-chemical prtps from the three selected stations
Stations % Moisture P % Organic matter % Total Organic Carbon
Amaranthus hybridus soil 12.16a 6.56a | 4.60a 1.33a
Celosia argentea soil 13.24a 6.77a | 5.20a 1.15a
Corchorus olitorius soil 11.95a 6.75a | 4.88a 1.24a

Values followed by the same letter within a coluana not significantly different (Tukey HSD, p=0.05)

Table 2: Heavy metal accumulation in leafy vegetahiltivated soils in Ikorodu, Lagos

Stations/ Soil Cu Zn Ni Cd Pb Cr (mg/kg)
Amaranthus hybridus 0.71a 4.99a 0.33a 0.18a 0.40a 1.02a
Celosia argentea 0.95a 3.06a 0.31a 0.17a 0.44a 0.97a
Corchorus olitorius 0.84a 4.15a 0.35a 0.15a 0.41a 1.05a

Values followed by the same letter within a coluana not significantly different (Tukey HSD, p=0.05)

Table 3: Mean number of arthropods population foondeafy vegetables in Ikorodu, Lagos in 2011 ping

season

Major arthropods Plants and Weeks After Planting
encountered Amaranthus hybridus Celosia argentea Corchorus olitorius

1 2 3 1 2 3 1 2 3
Hymenia recurvalis 16.75 3486 27.38 0.1 8.11 475 11.75 16.96 8.85
Aphis gossypii 15.13 2145 8.55 12.24 18.46 476 1112 15.05 4.85
Dsyder cus super stiotus 2.45 3.74 3.56 2.04 2.86 2.6 2.67 2.35 3.01
Psara bipunctalis 0.25 2.14 3.75 0 0 0 1.34 0.97 1.25
Ootheca mutabilis 0.15 1.97 2.43 0 0.12 2.87 0.95 2.98 3.41
Podagrica uniforma 1.17 1.36 1.33 1.56 1.44 1.23 2.16 2.27 3.85
Podagrica
sjostedti 2.22 2.19 2.34 1.45 1.17 1.24 3.45 4.17 4.75
Nezara viridula 0 0.05 0.19 0 0.11 0.15 0 0.06 0.15
Zonocer us variegatus 2.76 2.32 2.65 1.57 1.94 1.89 2.35 2.47 2.91
Logria species 0 0 0 0 0 0 0.56 0.08 0.12
Lixus species 0.65 0.1 0.24 0 0 0.32 0.78 0.65 0.84
Alaucophora species 0 0.26 0.14 0 0 0 0 0 0.31
Gasterodisus rhomboidalis 0 0.12 0.45 0.32 0.16 0.19 0.12 0.17 0.25
Sylepta derogata 0.65 0.77 1.94 1.22 1.43 1.77 1.85 2.92 2.98
Aspavia armigera 1.07 1.99 2.04 1.01 1.02 1.25 1.37 2.05 2.76
Helopeltis schoutedni 0.66 0.67 2.02 111 1.34 2.03 1.96 2.29 2.18
Acraea eponina 0.21 0.65 0.65 0.09 0.23 0 0.56 0.08 0.12
Diopsisthoracica 0.02 0.07 0.21 0.03 0.14 0.17 0.04 0.08 0.15
Crematogaster brevispinosa 8.54 6.49 6.26 7.22 6.97 8.05 6.78 6.32 7.01
Oecophylla longinoda 4.45 5.57 5.56 4.04 4.88 4.78 4.67 5.35 6.09
Camponotus species 2117 27.84 3505 3146 34.71 38.14 30.29 31.22 6733.
Epilachna species 4.23 4.25 3.89 3.26 3.12 3.65 4.45 4.01 4.22
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Table 4: Mean number of arthropods population foondeafy vegetables in Ikorodu, Lagos in 2012 ping

season

Major arthropods

Plants and Weeks After Planting

encountered Amaranthus hybridus Celosia argentea Corchorus olitorius

1 2 3 1 2 3 1 2 3
Hymenia
recurvalis 11.05 15.02 1635 025 546 6.21 3.88 9.05 10.24
Aphis gossypii 13.27 14.44 5.06 10.11 1057 4.11 9.34 11.01 3.88
Dsydercus super stiotus 312 458 477 401 445 424 311 395 356
Psara bipunctalis 0 125 296 0 1.00 1.5 0 0 0.20
Ootheca mutabilis 008 088 120 011 056 026 0.05 041 0.05
Podagrica uniforma 045 111 142 038 098 104 366 398 4.14
Podagrica
gostedti 134 154 150 101 128 177 376 390 4.24
Nezara viridula 0 056 021 0 0 0.08 0 0.02 018
Zonocerus variegatus 212 178 205 140 152 169 129 202 216
Logria species 0 0 0 0 0 0 0 0.05 0.05
Lixus species 0 0.06 0.18 0 0 009 001 014 0.17
Alaucophora species 0 0 0 0 0 0 0 0 0
Gasterodisus rhomboidalis 0 001 025 0.12 011 0.20 0 0.05 0.12
Sylepta derogata 023 045 116 107 198 206 0.76 186 2.16
Aspavia armigera 135 167 188 105 145 167 182 217 244
Helopeltis schoutedni 011 0.18 134 095 112 164 143 189 201
Acraea eponina 040 045 105 0.15 0.18 022 044 098 0.87
Diopsisthoracica 0 0 0.15 0 011 0.15 0.06 0.16 0.28
Crematogaster
brevispinosa 764 758 784 685 698 742 766 7.49 8.10
Oecophylla longinoda 6.11 6.52 6.88 6.99 6.86 6.48 6.83 7.12 7.65
Camponotus species 3232 29.62 31.26 3224 32.78 34.28 33.05 34.640934.
Epilachna species 215 196 2.01 184 245 217 222 262 2.06
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