Nrgera Journal of Ecology (2063 30 13410
@ Feological Socicty of Nigeria 2003,
ISSN- THE6-733X

Effects of Lead on Performance and Nutrient Quality of Two Cowpea Varieties

Olubunmi O. Fadina' and Beatrice O. Opeolu’

‘Department of Crop Protection and Environmental Brology University of Ibadan. thadan. Nigeri.
“Department of Environmental Management and Toxicology. University of Agniculture. PM B 2240, Ahcokuts, Ouun

State. Nigeria,
*Corresponding auther

(Accepted 1T November 2002)

ABSTRACT
IT‘7 IKZ-8-21

The effects of icad on plant growth. yvicld aund nutrient.quality of two cowpea varictics le D105
3-3) were studied. Soil and seeds aunalyses for lead before planting and afler hanvest revealed vars

dcereascs n luid levels i contaminated soil after hanvest. while Iead was not detectable in the planied and har ested
sceds. There were no significant differences in the various lead comtamination Jovels with respect m ormmniion dins

and maturattion davs. Lead contamination was found to have adverse effects on the vield of cowpea. The varien T
st with the different leveis of Jead contanumation 1TUIRZ-5-7 1.

4403 showed no vanation in protem content after harve

23-3 on the other hand showed variable decreases i protein content,

Key words: (Plcasc supply 3 relevant key words)

Introduction

Addmon of sewage sludge to soil. atmospheric fallowi
of irad from fossil fucls. oil spillage. amongst others.
result 1 ancrease in concentration of lead in souis
(Alloway and Avres. 1993} Long-term studies have
shown that heavy metals are ploughed into near-neutral
agricultural ands and they do not leach appreciabls
(McGrath and Cegarra. 1994}

Excessive lead concentration in plants results in phvio-
toxicity of the cell membrane due to changes in
permeability. Lead can occur naturally in soils. but
often occurs at enhanced levels due to additions from
motor sehicle emissions. sewage sludge applications.
metal mumng. smelting and scrap metal processing
i Thornton. 1991y Lead may be adsorbed on the
surfaces of negatnely charged colloidal particics and
arganometallic complexes (Ellis and Mellor. 1993).
Also. mdustrial poliutants in the form of heavy metals
ancluding lcad) often lead (o s0il
pollunon/contanunation  and  may  result in toxic
accumulation in arable produce and in herbage for
grazing animais. thus having important implications for
human health (Thomton. 19915,

Lead 1s readily mobiiised in acidic soils resulting in
toxicity to life forms. both flora and fauna (Ellis and
Metlor. 1995). In man. lead replaces calennn m bone.
vause  mfertlity and  menstrual  disturbances.
depressions. lack of co-ordination and brain damage.
STHONESE others.

Considermg the lmlcm of lead and many sources of
fead contanumation w the emvironmeint. there is the

noed to mvestigate the accumudation m tssucs of plant
food since there is tendency for broaccumulanoen afone
the food chain

Cowpea. bemng @ mwjor source of plant proteim o
humans and fodder for livestock was used in this siuds
to determine how much of lead couid be absorbed b
plants on lead contaminaicd soil. The study ained s
momtoning  the effect of lcad on gronih and vicld
paticrns and protein content of cowpea

Materials and Methods
Soil sampics were coliected from expermenl Gannn
of Faculty of Agriculture and Foresin. Unnversity of
tbadan. lbadan. Nigeria. The sod wand sceds wire
analysed for lead prior 1o planting asing  Atopug
Absorption Specirophotometiv. Two conwpea vireiics
ITO4K-403 and TTY3KZ-8-21-23-3 were planted i
plastic pots and cach varietny was subjected w e
following four treatments:

[ - Uncontaminated soil (Control)

I - Soil contaminated with 300 mgPb:}

I - Soil contaminated with 600 mePb/i

IV - Soil contaminated with 1.860 mgPb
Lecad nitrate was used as the source for icad and the
various levels were obtained as follows -
Molecular mass of Lead Nitrate [Pb(NO.3. i - 331,24
Molecular mass of lead = 207 20
Lead in Img of lead Nutrate = 207 204331 20 - w.63my
Hence 0.63mg lead (Pb) is cqm\ulcm to Lime PbINO:;
Then. 300mg Pb = 300/0.63 = 476 19%ing PbiNO. - po:
litre %,
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Table 1 Lead Levels in the Soil Prior to Plamting
and After Harvest of cowpea in soils treated with
lead nitrate.

cad % Residue % Reduction
Soil Sample  Concn. in Soil
(mg/l)

Before Planting
All soils 066,70 100 %
After Harvest
ITOSRK-4403 (V)

{1 g/l 28.00 41.98 58.02 i
300 mg/l 12250 33.41 66.59
600 mg/l 198.00 2970 70.30
L 800 mg/t 33550 1797 82.03

ITY3KZ-8-21-23-3 (V;)

0 mg/l 4300 67.47 32.53
300 mgA 122060 3327 66.73
600 mg/l 15450  23.14 76.86
__L.BOG mg/] 33550 §797 82.03

Hence. 476,19 mg. 95238 mg and 2837.15 mg
Pb(NO:): werc weighed scparatelv. dissolved in
distilied water and made up 1o one litre for treatments
IL I and 1V respectively.

The experimental design used was split-plot in a
randomised complete block. The tweo studicd varictics
formed the main block while the four lead
concentrations formed the subplots.

Each of the treatiments and control had five replicates.
100 ml of lead standards were added to each pot.
except  control. and  labeled  appropriately.  Lead
standard was not added 1o the controls. Observations
were made on germination dates. growth and vield
parameters of the planis. At hanvest. soil. leaves and
sceds were analvsed for lcad to determine residual lead
content in soil and plant tissues using Atomic
Absorption Speciraphotometer.

The protein content of seeds prior to planting and afier
harvest was also determined by Colorimetry using
Adapted auto-analyzer method. Standard was prepared
from Anunonium Sulphate i 8% conc Sulphunc acid.
4719 g of Ammonimn sulphate was washed and
dissobved i 106G ml fask with 8% sulphuric acid to
make 1000 mg/d of Nitrogen. 100 mg/l was prepared
from stock standard, Working standards of 10. 5. 20.
25. 30 mg/l were also preparcd from the 100 mg/l. tmi
of cither standard or sample was measured. 4.0 mi of
dituent was added 1o it. followed by mixing it with 1.3
ml of potassium phosphate tartrate. 2.5 ml of alkaline
phenmate was added and mixed thoroughiy and finally.
L5 ml of commercial bleach was added to the mixture
and thoroughly mixed. The tubes were left for at least
30 minutes and read on Spectronic 20 at 630 nm. The

blink contained all reagents. Calibration cunc was
used to determing protein content.

Data generated from the studv were subjected 1o
Analysis of Variance (ANOVA) (SAS. 1997) and
Duncan’s Multiple Range Test (Duncan. 1959y for
means separation at 95% level of probability for the
growth and vield parameiers.

Results and Discussion

For IT94K-4403. the levels of lead in the soil aficr
harvest were reduced. The corresponding percentage
reductions for the treatments 1. IL I and IV were
38.02. 66.59. 70.30 and 82.03 respectively. The results
revealed  that  percentage lead uptake by plants
depended on the availability in the soil. This trend is
sumilar for IT 93KZ-8-21-23-3. The plants in the
control treatment had the least uptake while those in the
highest level {1.800 mg/l) treatment had the highest
lead uptake (Table 1). '

The results of germination pattern showed that lcad
contamination had no significant effect on germination
among the treatments (Table 2). Genmination patiern is
in conformity with three 1o five days reported by
Pandey {1987). Fadina and Annih (2000 also reported
that germination of sovabean seeds was not affected by
contamination with spent lubricating oil.

The difference between vields of the two cowpea
varictics was not significant. Though the varieny
IT94K-4403 planted on contaminated soil produced
greater number of pods than corresponding treatments
in [TY3KZ-8-21-23-3. the pod weight for ITYIKZ-8-
21-23-3 was relatively more than that for IT94K-4403.
Since vield of cowpea is measured in terms of weight.
IT93K-8-21-23-3 may be preferred for cultivation by
farmers.

Lead was not detected in the leaves and sceds of the
hiarvested cowpeas. This agrees with the report of
Ibrahim ez a/ (1992) that increasing vears of application
of sewage water for irrigation did not produce any
accumulation of heavy metals in tested parts of citrus
trees. Narwal er @/ (1990) reported that cadmium. a
more mobile heavy metal. was retained i the root of
maize planted on cadmium contaminated soils.
therefore lead. a comparatively less mobile metal. was
probably retained in the roots of cowpea.

Analysis of seeds for protein showed that there was no
variation in protein contents of IT94K-4403 while
IT95KZ-8-21-23-3 showed slight decrease in protein
contents (Table 2). The result is in contrast to the work
of Ibekwe er af (1997) who reporied increase in protein
content of Rhizobium leguninosarium and heavy metal
contents of soils. However. working on other heavv
metals. Quariti er. a/ (1997) reported that cadmium and
copper adversely affected the lipids composition of
tomato seedlings grown in nutrienisolutions containing
cadmium and copper.
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TABLE 2: Efficcts of Lead on Protein Contents and Mcan Germination Days of two Cowpea \arictics

% Protein Content

~ Mean Gumm‘m(m D‘ns

Table 3:
levels of lcad nitrate.

l'l‘ul(—-tﬂ.l IT93KZ-8-21-23-3 IT94K-4403 ITYIKZ-8-21-23-3
(Yﬂ (V) (Vi) (Vy)
1760 19 40 - -
16 90 18 40 480 430
19 40 18.40 S.00 4.50
12.60 15.66 5.00 4.50
21.06 18.09 300 190

Means of Growth and Yield Parameters of two Cowpea Varicties Grown i Soils treated with varying

Number of Pods ‘ ’

Number of Leaves Stem Height Pod Weight (g)

Treatments \ Vv, s V, Vi A\ Vi Ve
0 mg/l 30.80° 23.00° 13.40° 16.76" 6.00™ 1.00™ 53 KT
300 mg/l 24.60° 20 00 14 40' 15.12° 3.00° 00" 294 320!
600 me/l 23 80° 21 R 1588 7 40° 460" 394 2,98
1800 mg/l 25.67° 210 1387 1558 400™ : e - £ 280"

. Figures followed by same letter withm a column do not differ significantly according to DMRI
Varicty [T94K-4403 A

© probability. V=

This study showed that lead pollution had shuhi
adverse cffect on the vield of the two cowpea varictics
(Table 3) Lm also mwm cffcct on the

n W refore. due to cconomic
1 soils frec of Icad for
> derived optimally
sites should be

. London pp. 291.
> Range and Multiple F-

il constituents and
ent. Routldge.

000) Effects of Spent
| nutrients and vicld of two
, (Glvcine Max L. Memil) J.
'gﬂ(‘ and Fmv l(") 193-197.

Vari

at 3% level of
cty IT93KZ-8-21-23-3
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