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Abstract: Application of copper-based fungicide is still the most popular and effective means of controlling
black pod disease among Nigerian cocoa farmers. There are two possible pathways through which copper gets
into cocoa beans on the field: Uptake and translocation of Cu from soil and Permeation of cocoa pod cuticle
by copper after fungicide application. Records showing quantitative contribution of applied fungicide to the
total copper residue in cocoa beans are limited. A field study was carried out in 2009 and 2010 within Common
Fund for Commodity (CFC) cocoa plot in Ibadan and Bodo cocoa plot in Ogun State, Nigeria. CFC plot had a
hybrid (T65/7 X T15/9) cocoa on it while Bodo plot had F  Amazon. Different concentrations of Cu solution3

were applied on young cocoa pods (cherelles). At harvest, cocoa beans and pods were sun-dried and
processed for chemical analysis according to standard procedure. In F  Amazon, copper residue in cocoa beans3

obtained from pods treated with the recommended rate (1.98 g/L) was significantly (P < 0.05) higher than the
Cu residues in control (untreated) and those treated with 3.96 g and 5.94 g Cu/L. In T65/7 X T15/9, copper in
beans from pods treated with various rates were significantly (P < 0.05) higher than Copper residue in the
control beans. The study shows that, the recommended rate (1.98 g Cu/L) increased Cu residue in cocoa beans
by 11.19 and 12.24% in T65/7 X T15/9 and F  Amazon respectively, relative to the control beans. It also shows3

that, Cu fungicides applied on cocoa pods contribute to the total Cu residue in cocoa beans. 
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INTRODUCTION oxides occluded and organic matter complexed) are

Cocoa is the most important cash crop that water soluble and exchangeable forms of heavy metals as
contributes to national economy in Nigeria. Several the most active and bioavailable. Bioavailability is a term
factors have contributed to its decline and dwindling used to describe the release of a chemical from a medium
production of which the infestation of black pod disease of concern to living receptors such as plant roots. Misra
is a key factor in Nigeria and Africa [1]. The most effective et al. [6] defines metals bioavailability as the fraction of
and popular means of controlling black pod disease of heavy metal in the soil that is accessible to the food chain
Theobroma cacao L. among Nigerian farmers is the use of and to the plants. Plants are known to accumulate heavy
copper based fungicides. The use of copper-based metal in their edible portion as a result of cropping
fungicide in Nigeria is as old as the crop in the country. contaminated fields. Such accumulation is greatly
The long term use of this fungicide has led to copper influenced by the concentration of the pollutants,
contamination of many cocoa plantations in the country chemical species of the pollutant in the soil, soil
due to the inability of soil microorganisms to decompose physicochemical properties as well as the plant’s growth
copper [2, 3]. Metal binding in soil is common through characteristics [7]. Heavy metals are mostly transported
interaction of humic substances with oxides of Al, Mn via the plant root through soluble movement, mass flow
and Fe. These heavy metal fractions (Fe, Al and Mn, and diffusion. When a soil is high in bio-available copper,

regarded as the active fraction [4]. However, [5] reported
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there is the tendency of its accumulation in the beans nibs were later analyzed for copper content according to
which will lower the quality of such commodity at the [8] procedure. Data generated from the chemical analysis
International market. The spraying of fungicide on cocoa of the beans were subjected to statistical analysis using
pods during the control of black pod disease is also a SPSS version 15.
possible route through which copper can gain access into
the beans. The study was carried out to quantify the RESULTS
contributions of soil and fungicide to the total copper
residue in cocoa beans and to assess the impacts of Cocoa Beans: The effect of copper fungicide on copper
excessive copper application on the distribution of distribution  in   cocoa  beans  is  presented  in  Table  2.
nutritional elements in cocoa beans and pods. In T65/7 X T9/15 hybrid, copper residue in control cocoa

MATERIALS AND METHODS in beans from cocoa pods treated with 1.98, 3.96 and 5.94

The experiment was carried out in two different cocoa Results showed that copper residue in T65/7 X T9/15
plantations having different varieties of Theobroma hybrid cocoa beans increased by 3.02, 7.17 and 9.20 mg/kg
cacao L. The CFC plot at the Cocoa Research Institute of to give percentage increase of 11.19, 39.75 and 50.99% as
Nigeria (7° 12’N, 3°52’E) with a hybrid variety T65/7 X a consequence of the application of 1.98, 3.96 and 5.94 g
T5/9 was used. The plot has no history of any copper- Cu/L respectively. On the other hand, copper residue in
based  fungicide  application  since  its  establishment. F  Amazon cocoa beans was 25.00 mg/kg while beans
The second experimental plot located at Bodo in Ogun from pods treated with 1.98, 3.96 and 5.94 g Cu/L was
State (7°13’N, 3°42’E) with F  Amazon variety having the 28.06, 27.54 and 27.84mg/kg respectively. In F  Amazon,3

history of more than twenty five years of copper-based Cu increased by 3.06, 2.54 and 2.84 mg/kg to give a
fungicide application was used. Each of the experimental percentage increase of 12.24, 10.16 and 11.36% as a result
plots was divided into three blocks and within each block, of the application of 1.98, 3.96 and 5.94gCu/L respectively.
six cocoa trees having at least twenty four cherelles The effect of copper fungicide on micronutrients in cocoa
(young pods) with an average length between 5 and 7cm. beans and pods is presented in Table 4. In T65/7 X T9/15
A fungicide which contains copper oxide and metalaxyl hybrid, manganese concentration in the beans from
was purchased from an agrochemical store in Ibadan, control pods which had no fungicide application was 4225
Nigeria. Three levels of copper concentrations were mg/kg while beans from pods treated with 1.98, 3.96 and
prepared at the rate of 1.98 g Cu/L (Manufacturer’s 5.94 g Cu/L had 4250, 3925 and 4050 mg manganese per
recommended rate), 3.96 g Cu/L and 5.94 g Cu/L. On each kilogram cocoa beans respectively. In F  Amazon, the
of the selected trees, twelve cherelles were used for the mean concentration of manganese in beans from control
experiment in which each of the three copper solutions pods was 4025 mg/kg while the mean concentration in
were sprayed on three cherelles with a micro pressurized pods treated with 1.98, 3.96 and 5.94 g Cu/L was 4200,
pump of 2.5L while three cherelles were untreated with 4312 and 4288 mg/kg respectively. In T65/7 X T9/15
fungicide (control). All the four treatments including the hybrid, Fe concentration in the beans from control pods
control were imposed on the same cocoa tree. This was which had no fungicide application was 542 mg/kg while
done to ensure that, all the pods derive same
concentration of copper from the same root. The only
variable was the concentration of copper applied on the
pods. Caution was taken to avoid drifting of fungicide’s
mist which could lead to cross contamination of the
control pods. The fungicide application was done at
15days intervals between May and September, 2009 and
2010. Due to the nearness of the two experimental plots
(25km apart) fungicide application was done on the same
days all through the experiment. When the pods became
ripe, they were harvested and washed with distilled water
before the removal of beans. The beans were fermented
and sun-dried according to standard procedure. The dried

beans was 18.04 mg/kg while the concentration of copper

g Cu/L was 20.06, 25.21 and 27.24mg/kg respectively.

3

3

3

Table 1: Physico-chemical Properties of soils.
Soil Properties CFC Plot Bodo Plot
Extractable Fe (mg/kg) 10.92 9.18
Extractable Cu (mg/kg) 1.20 3.36
Extractable Zn (mg/kg) 0.84 1.62
Extractable Pb (mg/kg) 1.32 2.04
Extractable Mn (mg/kg) 0.60 0.42
Exchangeable Ca (cmol/kg) 3.84 4.23
Exchangeable Mg (cmol/kg) 0.19 0.24
pH 6.50 6.35
Organic carbon (%) 2.46 2.38
Sand (%) 70.38 79.23
Silt (%) 9.52 8.27
Clay (%) 20.10 12.50



World J. Agric. Sci., 9 (1): 10-16, 2013

12

Table 2: Distribution of copper in different cocoa varieties.
CFC Cocoa experimental plot (T65/7 X T9/15)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Cu Residue (mg/kg)  Unit Increase % Increase % Cu from Soil % Cu from Fungicide

 Control 18.04  -  - - -b

1.98gCu/L 20.06 2.02 11.19 89.93 10.06b

3.96gCu/L 25.21 7.17 39.75 71.56 28.44a

5.94gCu/L 27.24 9.20 50.99 66.23 33.77a

BODO Cocoa experimental plot (F  Amazon)3

Control 25.00  -  - - -a

1.98gCu/L 28.06 3.06 12.24 89.09 10.90a

3.96gCu/L 27.54 2.54 10.16 90.78 9.22a

5.94gCu/L 27.84 2.84 11.36 89.80 10.20a

Key: Different alphabets on the same column are significantly different at P < 0.05.

Table 3: Differential distribution of copper residue in Pods of different cocoa varieties
CFC Cocoa experimental plot (T65/7 X T9/15)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Cu Residue (mg/kg)  Unit Increase % Increase % Cu from Soil % Cu from Fungicide

 Control 19.00  -  - - -b

1.98gCu/L 28.20 9.20 48.42 67.38 32.62a

3.96gCu/L 20.50 1.50 7.90 92.68 7.32b

5.94gCu/L 24.00 5.00 26.32 79.17 20.83ab

BODO Cocoa experimental plot (F  Amazon)3

Control 27.00  -  - - -a

1.98gCu/L 26.00 -1.00 -3.70 96.15 -3.85a

3.96gCu/L 17.52 -9.48 -35.11 45.89 -54.11b

5.94gCu/L 21.00 -6.00 -22.22 71.43 -28.57ab

beans from pods treated with 1.98, 3.96 and 5.94 g Cu/L pods treated with 1.98, 3.96 and 5.94 g Cu/L had K content
had Fe content of 446, 524 and 634  mg/kg  respectively. of 8765, 9028 and 9954 mg/kg respectively. In F Amazon,
In F  Amazon, the mean Fe concentration in beans from the mean concentration of K in beans from control pods3

control pods was 817 mg/kg while the concentration in was 8592 mg/kg while the mean concentration of K in
beans from pods treated with 1.98, 3.96 and 5.94 g Cu/L beans from pods treated with 1.98, 3.96 and 5.94 g Cu/L
was 616, 681 and 562 mg/kg respectively. In T65/7 X T9/15 was 9816, 8887 and 8010 mg per kilogram respectively.
hybrid, Zn concentration in the beans from control pods
which had no fungicide application was 78 mg/kg while Cocoa Pods: The effect of fungicide concentration on Cu
beans from pods treated with 1.98, 3.96 and 5.94 g Cu/L distribution   in  cocoa  pods  is  presented  in   Table  3.
had Zn content of 92, 94 and 69 mg/kg respectively. In F In T65/7 X T9/15 hybrid, mean Cu residue in control cocoa3

Amazon, the mean concentration of zinc in beans from pods was 19.00 mg/kg while the concentration of Cu in
control pods was 84 mg/kg while the mean concentration beans from cocoa pods treated with 1.98, 3.96 and 5.94 g
of Zn in beans from pods treated with 1.98, 3.96 and 5.94 Cu/L was 28.20, 20.50 and 24.00 mg/kg  respectively.
g Cu/L was 112, 79 and 84 mg/kg respectively. In T65/7 X Result showed that Cu residue in T65/7 X T9/15 hybrid
T9/15 hybrid, concentration of calcium in the beans from cocoa pods increased by 9.20, 1.50 and 5.00 mg/kg to give
control pods which had no fungicide application was percentage increase of 48.42, 7.90 and 26.32% as a
635mg/kg while beans from pods treated with 1.98, 3.96 consequence of the application of 1.98, 3.96 and 5.94 g
and 5.94 g Cu/L had 684, 647 and 579 mg Ca kg Cu/L respectively. On the other hand, mean Cu residue in1

respectively. In F3 Amazon, the mean concentration of the control pods of F  Amazon was 27.00 mg/kg while
calcium in beans from control pods was 338mg/kg while beans from pods treated with 1.98, 3.96 and 5.94 g Cu/L
the mean concentration of calcium in beans from pods was 26.00, 17.52 and 21.00 mg/kg respectively. In F
treated with 1.98, 3.96 and 5.94g Cu/L was 387, 399 and Amazon, Cu decreased in pods by 1.00, 9.48 and 6.00
281mg/kg respectively. In T65/7 X T9/15 hybrid, K mg/kg to give percent decrease of 3.70, 35.11 and 22.22 as
concentration in the beans from control pods which had a result of the application of 1.98, 3.96 and 5.94 g Cu/L
no fungicide application was 8966mg/kg while beans from respectively.  The  mean  concentration  of  Mn in control

3

3

3
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Table 4: Effects of copper fungicide on micronutrients distribution in cocoa beans and pods in different locations.
Magnesium
----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cocoa Beans Cocoa Pods
----------------------------------------------------------------------------- ----------------------------------------------------------------------------
T65/7 x T9/15 F  Amazon T65/7 x T9/15 F  Amazon 3 3

------------------------------ ------------------------------ ----------------------------- ---------------------------------
mg/kg % Inc mg/kg % Inc mg/kg % Inc mg/kg % Inc

Control 4225 - 4025 - 4050 - 4250 -a a a a

1.98gCu/L 4250 0.59 4200 4.35 3225 -20.37 4200 -1.18a a a a

3.96gCu/L 3925 -7.10 4312 7.13 3750 -7.41 3475 -18.23a a a a

5.94gCu/L 4050 -4.14 4288 6.53 3487 -13.90 3675 -13.53a a a a

Iron (Fe)
Control 542 - 817 - 316 - 368 -a a a a

1.98gCu/L 446 -17.71 616 -24.60 302 -4.43 417 13.31a a a a

3.96gCu/L 524 -3.32 681 -16.65 375 18.67 434 17.93a a a a

5.94gCu/L 634 16.97 562 -31.31 362 14.56 470 27.72a a a a

Zinc
Control 78 - 84 - 73 - 108 -a a a a

1.98gCu/L 92 19.95 112 33.33 85 17.80 80 -25.93a a a ab

3.96gCu/L 94 20.51 79 -5.95 68 -6.84 64 -40.74a a a b

5.94gCu/L 69 -11.53 84 0 76 4.10 83 -23.15a a a ab

Calcium
Control 635  - 338  - 6515  - 3759 -a a a b

1.98gCu/L 684 7.72 387 14.50 5545 -14.89 6595 75.44a a a a

3.96gCu/L 647 1.89 399 18.05 7210 10.67 5718 52.11a a a a

5.94gCu/L 579 -8.82 281 16.86 7250 11.28 5306 41.15a a a b

Potassium
Control 8966  - 8592 - 120 - 123 -ab a a a

1.98gCu/L 8765 -2.24 9816 14.25 132 10.00 131 6.50b a a a

3.96gCu/L 9028 0.69 8887 3.43 124 3.33 122 -0.81ab a a a

5.94gCu/L 9954 11.02 8010 -6.77 113 5.83 121 -1.62a a a a

Key:% Inc =% Increase. Same alphabets on the same column are not significant at P < 0.05. Different alphabets on same column are significant at P < 0.05.
Values with negative sign means decrease in percentage.

pods of T65/7 X T9/15 hybrid was 4050 mg/kg while cocoa control pods of T65/7 X T9/15 hybrid was 6515 mg/kg
pods treated with 1.98, 3.96 and 5.94 g Cu/L had 3225, 3750 while cocoa pods treated with 1.98, 3.96 and 5.94 g Cu/L
and 3487 mg Mn kg  cocoa pods respectively. In F had 5545, 7210 and 7250 mg of Ca kg  respectively. In F1

3

Amazon, the control pods had a mean Mn concentration Amazon, the control pods had a mean Ca concentration of
of 4250mg/kg while pods treated with 1.98, 3.96 and 5.94 3759mg/kg while pods treated with 1.98, 3.96 and 5.94
g Cu/L had 4200, 3475 and 3675 mg Mn kg  pods gCu/L had 6595, 5718 and 5306 mg Ca kg  pods1

respectively. The mean concentration of Fe in control respectively. The mean concentration of K in control pods
pods T65/7 X T9/15 was 316 mg/kg while cocoa pods of T65/7 X T9/15 hybrid was 120 mg/kg while cocoa pods
treated with 1.98, 3.96 and 5.94 g Cu/L had Fe content of treated with 1.98, 3.96 and 5.94 g Cu/L had K content of
302, 375 and 362 mg/kg respectively. In F  Amazon, the 132, 124 and 113 mg/kg respectively. In F  Amazon, the3

concentration of Fe in the control pods was 368 mg/kg control pods had a mean K concentration of 123 mg/kg
while pods treated with 1.98, 3.96 and 5.94 g Cu/L had 417, while pods treated with 1.98, 3.96 and 5.94 g Cu/L had K
434 and 470 mg Fe kg  pod respectively. The mean content of 131, 122 and 121 mg/kg respectively. Table 41

concentration of Zn in control pods of T65/7 X T9/15 presents correlation of minerals in cocoa beans and pods.
hybrid was 73mg/kg while cocoa pods treated with 1.98, Result showed that, in F  Amazon, Cu in pods had
3.96 and 5.94 g Cu/L had 85, 68 and 76 mg Zn per kilogram negative correlation with Fe (-0.99). Cu had a positive
respectively. In F  Amazon, the control pods had a mean correlation with Zn (0.81), Ca (0.2), Mg (0.95) and K (0.77).3

zinc concentration of 108 mg/kg while pods treated with It was observed that, Cu had   negative  correlation  with
1.98, 3.96 and 5.94 g Cu/L had Zn content of 80, 64 and 83 Fe (-0.68; P < 0.05), Ca (-0.26) and Mg (-0.89). Cu however,
mg/kg respectively. The mean concentration of Ca in the had   a   positive   correlation  with  Zn (0.81) and K (0.92).

1
3

1

3

3
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Fe had also a significant but negatively correlated with Cu oxidative damage [12]. An important fact worthy of note
in pods from CFC plot (-0.99; P < 0.05). Cu in pods also in this study is the fact that, the direct contact between
had  negative  correlation with Ca (-0.97) and Mg (-0.96). Cu-fungicide and cocoa pod is a route or gateway
Cu however, exhibited positive correlation with Zn (0.97) through which Cu migrates into cocoa beans along the
and K (0.66). On the other hand,  correlation  coefficient production chain. In a situation where farmers prepare
between some minerals and Cu residue in cocoa beans fungicide solutions arbitrarily without following
from CFC plot shows that, Cu had negative correlation manufacturers’ instructions such that, Cu concentration
with Zn (-0.99) and Mg (-0.18), but had positive in the solution exceeds the required rate could lead to
correlation with Fe (0.93), Ca (0.24) and K (0.99) contents. undue exposure of cocoa beans to heavy metal

DISCUSSION the commodity as well as pose chronic health threat to the

In T65/7 x T9/15 hybrid cocoa, Cu residues in cocoa Cu occurs through gastrointestinal tract [13]. The degree
beans from pods treated with 1.98, 3.96 and 5.94 gCu/L to which Cu is absorbed in the gastrointestinal tract
were numerically higher than beans from the control pods largely depends upon its chemical state and the presence
which had no fungicide treatment. However, only beans of other compounds, like Zn [14]. Copper affects
from pods treated with 3.96 and 5.94 gCu/L were reproduction and development in humans and animals.
significantly higher (P < 0.05) in Cu residue than the Sperm motility also appears to be compromised by the
control. In F  Amazon at Bodo experimental plot, Cu presence  of   copper  in  human  spermatozoa  [15].3

residue in beans from treated pods was higher than Cu Copper toxicity  has   been   characterized  in  patients
residue in untreated beans but with no significant with  Wilson's  disease,  a  genetic  disorder that causes
difference. The concentration of Cu in treated beans an  abnormal  accumulation  of Cu in body tissue.
compared with the control beans was an indication of the Wilson's disease is fatal unless treated in time.
possibility of Cu applied on pods to permeate the cuticle Manifestations of  Wilson's  disease  include brain
of cocoa pods down to the beans irrespective of the damage and progressive demylination, psychiatric
variety of cocoa. The ability of Cu to penetrate plant disturbances-depression, suicidal tendencies and
cuticle might be one of the factors that make plants aggressive behavior-hemolytic anemia, cirrhosis of the
respond to its phytotoxicity. Before the commencement of liver, motor dysfunction and  corneal  opacities  [16,  17].
the main study, a pilot experiment was carried out to know In T65/7 X T15/9 hybrid, the application of the
the appropriate size of young cocoa pods on which recommended fungicide concentration (1.98 g Cu/L)
fungicides could safely be applied. A striking observation increased Cu residue in beans by 11.19% while in F
was that, all the young cocoa pods (Cherelles) of less Amazon, Cu residue in beans was increased by 12.24%.
than one month old were treated with fungicide solutions This suggests that, the application of 1.98 gCu/L
of 3.96 and 5.94 gCu/L died within one week of fungicide fungicide solution could increase Cu content of cocoa
application. It appeared that, the plant tissues were not beans by at least 11.19% of the total Cu in untreated
strong or matured enough to withstand the phytotoxicity beans. A critical observation of the pattern of Cu
of Cu at the concentrations. It is well known that accumulation in cocoa beans from treated pods of T65/7
transition metal like Cu catalyze the formation of hydroxyl X T15/9 hybrid showed that, Cu residue in cocoa beans
radicals (OH) from the non-enzymatic chemical reaction increased with increase in Cu concentration in the
between superoxide (O ) and H O  (Haber-Weiss fungicide solution. On the other hand, in F  Amazon, there2 2 2

-

reaction) [9]. Hence, the presence of excess Cu can cause was reduction in Cu residue as the concentration of Cu
oxidative stress in plants and subsequently, increase the reduces in the fungicide solution. The difference in Cu
antioxidant responses due to increased production of residue in cocoa obtained both experimental plots can be
highly toxic oxygen free radicals. Thus, at high explained on the basis of the level of accumulation of Cu
concentration, Cu can become extremely toxic causing in the two plantations. The CFC plot which has T65/7 X
chlorosis and necrosis [10, 11]. At the cellular level, T15/9 hybrid was ten years old with no history of Cu
toxicity may result from i ) binding to sulfhydryl groups in fungicide application while the experimental plot at Bodo
proteins, thereby inhibiting enzyme activity or protein with F  Amazon was over thirty years and had received
function ii) induction of a deficiency of other essential Cu fungicides treatment for more than twenty five years
ions; iii) impaired cell transport processes and iv) at the time of study.

accumulation which may reduce the wholesomeness of

consumer of the product. In human,  the  absorption of

3

3

3



World J. Agric. Sci., 9 (1): 10-16, 2013

15

Table 5: Correlation coefficient of some minerals and Cu in cocoa Beans and Pods from Bodo and CFC experimental plots (P < 0.05).
Minerals  Cu in Beans (T65/7XT9/15) Cu in Beans (F  Amazon)  Cu in Pods  (T65/7XT9/15)  Cu in Pods (F  Amazon)3 3

Zinc -0.99 ns  0.81 ns  0.97 ns  0.81 ns
Iron  0.93 ns -0.68 ns -0.99* -0.99 ns
Calcium  0.24 ns -0.26 ns -0.97 ns  0.20 ns
Magnesium -0.18 ns -0.89 ns -0.96 ns  0.95 ns
Potassium  0.99 ns  0.92 ns  0.66  0.77 ns
Key: ns = Not significant; * = Significant at P < 0.05

Soil analyses of both plots showed that, Bodo plot in pods treated with the  recommended  fungicide  rate
had extractable Cu of 18.04 mg/kg (mean) while CFC Plot (1.98 g Cu/L). Concentrations higher than the
had 2.25 mg/kg (complete data of soil properties not recommended rate only increased the amount of  Cu in
shown). The difference in Cu concentration in soil was the beans while Cu concentration in the pods decreased.
due to the fact that, Cu fungicide is applied on Bodo This implies that, excessive or arbitrary use of Cu
plantation annually as a measure to control black pod fungicide may not lead to accumulation of Cu in the pods
disease. As a result, the soil became contaminated with rather, the beans becomes the main recipient of Cu
Cu and the plant tissue rich in Cu. The Cu is  classified  as accumulation which might ultimately reduce the quality
having variable phloem mobility in plant species and Cu and premium of  the  commodity.  At  the  application of
status of the whole plant [18]. The tissues of cocoa trees the  recommended  rate,  32.62% of the total Cu in the
in Bodo with higher Cu exhibited lower absorption and pods was contributed by the fungicide while 67.38% of
transfer of Cu from the outer part of the pods owing to the total Cu in the pods was absorbed from the soil.
fact that the tissues were already rich in Cu. In CFC plot, Maximum accumulation of Cu was attained in the control
the soil was not contaminated with Cu and the plant pods of F  Amazon variety which had no fungicide
tissues had lower concentration of Cu. Therefore, the treatment. Treatment of cocoa pods with Cu fungicide
resistance to the inflow of Cu from the outer part of the increased Cu residue in beans while the concentration of
pods was lower compared to the trees in Bodo plot. Cu in the pods decreased as the concentration of Cu
Consequently, Cu accumulation in the beans increased increased in the fungicide solution (though there was an
with concentration of Cu in fungicide solution in CFC plot increase at concentration of 5.94 g Cu/L). The impacts of
while Cu accumulation in beans reduced at concentrations Cu fungicide on the distribution of mineral elements in
higher   than   the   recommended   rate   in   Bodo  plot. cocoa beans and pods showed that, Cu had certain
The contributions of each of the two  possible  routes antagonistic effects on the local distribution of mineral
(soil and pods) through which Cu can gain access to elements as was observed in the distribution of Mg, Zn,
cocoa beans was quantified. Result  showed  that, in Fe, Ca and K in this study (Table 4 and 5). The
cocoa treated with fungicide concentration of 1.98 g Cu/L, antagonistic effects of Cu fungicides on the local
10.06% and 10.90% of the total Cu in cocoa beans was distribution (treated cocoa beans and  pods) of
contributed by the applied fungicide in T65/7 X T15/9 and nutritional  mineral   elements  may be due to  the
F  Amazon respectively. This suggests that, when a interference of Cu with the transport mechanisms of these3

farmer follows the instruction of fungicide’s manufacturer elements within cocoa tissues. The findings of Pearson
in the application of the studied fungicide, at least 10.06% et al. [19] showed that, excess Cu reduced phloem
of the total Cu in the beans would have come from the transport  of  zinc   into   T.   aestivum  grains. The authors
applied fungicide while the remaining 89.94% would be reported that, the reduction was because Cu and Zn
taken from the soil. Results showed that, all the treated compete for the same phloem loading sites in plant tissue.
cocoa pods had Cu residue higher than the control pods The findings of Heren and Feller [20] and Welch et al. [21]
in the T65/7 X T15/9 variety but only the pod treated with showed that, excess foliar Zn  supply  had negative
the recommended rate (1.98 g Cu/L) had Cu  residue effects on phloem load and transport of other metals thus
higher than the control pods at significant level (P < 0.05). having the potential to induce local deficiencies. The
The application of the recommended fungicide rate antagonistic effects of Cu on nutritional mineral elements
increased Cu residue in cocoa pods by 48.42% while in cocoa therefore, calls for caution in the arbitrary use of
fungicide concentration of 3.96 and 5.94 g Cu/L increased Cu fungicides by some farmers as this could negatively
Cu in cocoa pods by 7.9 and 26.32% respectively. affect the quality and premium on cocoa as a commodity
Maximum accumulation of Cu in the  pods  was  attained of commerce.

3
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the amount of Cu that is allowed to get into the tissue Environ., 13: 195-206.
from the pod. However, in a situation where higher 11. Marshner, H., 1995. Mineral Nutrition of higher
concentration above the recommended rate is used, the plants. Academic press, London.
unabsorbed Cu on the pod surface will eventually get into 12. Meharg, A.A., 1994. Integrated intolerance
the soil either by rainfall or when broken pods are left on mechanisms-constitutive and adaptive plant
the farm after removal of beans. The accumulation of Cu –responses to elevated metal concentrations in the
in soil may ultimately create environmental problem for environment. Plant Cell Environ., 17: 989-993.
soil micro flora and fauna in the ecosystem.  Furthermore, 13. U.S. EPA., 1987. Drinking Water Criteria Document
the study offers an insight to the antagonistic effects of for Copper. Prepared by the Office of Health and
excessive Cu on the transport of some nutritional mineral Environmental Assessment, Environmental Criteria
elements leading to their local deficiencies which could and Assessment Office, Cincinnati, OH, for the Office
reduce the nutritional value and premium of the of Drinking Water, Washington, DC. ECAO-CIN-417.
commodity. Therefore, it is profitable for farmers to adhere 14. U.S. Environmental Protection Agency (EPA), 1990.
to the manufacturers’ recommendation in the preparation Air Quality Criteria for Lead:  Supplement  to  the
and use of Cu based fungicides during phyto-sanitation 1986 Addendum. Environmental Criteria and
activities. Assessment Office, Research Triangle Park, NC. EPA-

REFERENCES 15. Battersby, S., J.A. Chandler and M.S. Morton, 1982.

1. Freud, E.H., P. Petithuguenin and R. Jaques, 1996. spermatozoaFertil. Steril., 37: 230-235.
The diffusion and impacts of Cocoa research themes 16. ATSDR (Agency for Toxic Substances and disease
in Ghana and Coted’lvoire. Proc. 12  Int. Cocoa Res. registry), 1990. Toxicological Profile for Copper,th

Conf. Salvador, Bahia, Brazil, pp: 17-23. Contract 88-0608-2. ATSDR/TP-90-08.
2. Aikpokpodion, P.E., 2010. Assessment of heavy 17. Goyer, R.A., 1991. Toxic effects of metals. In: M.O.

metal pollution in fungicide treated cocoa plantations Amdur, J. Doull and C.D. Klaasen, Eds., Casarett and
in Ondo State, Nigeria. J. Biosci., 33: 2037-2046. Doull's Toxicology, 4th ed. Pergamon Press, New

3. Aikpokpodion, P.E., L. Lajide and A.F. Aiyesanmi, York, NY, pp: 653-655.
2010.  Heavy  metal contamination in fungicide 18. Stephan, U.W. and G. Scholz, 1993. Nicotianamine-
treated cocoa plantations in Cross River State, mediator of transport of Iron and Heavy Metals in the
Nigeria. American-Eurasian J. Agric. & Environ. Sci., phloem. Physiol. Plant., 88: 522-529.
8(3): 268-274. 19. Pearson, J.N., Z. Rengel, C.F Jemmer and R.D. Grahan,

4. Shuman, L.M., 1985. Fractionation method for soil 1996. Manipulation of xylem transport affects Zn and
micronutrients. Soil Sci., 127: 10-17. Mn transport into developing wheat grains of

5. Kashem, M.A., B.R. Singh and S. Kawai, 2007. cultured ears. Physiol. Plant., 98: 229-234.
Mobility and distribution of Cd, Ni and Zn in 20. Herren, T. and U. Feller, 1996. Effect of locally
contaminated soil profiles from Bangladesh. Nutr. increased zinc content on zinc transport from the flag
Cycl. Agro-ecosyst., 77: 187-198. leaf lamina to the maturing grains of wheat. J. Plant

6. Misra, V., A. Tiwari, B. Shukla and C.S Seth, 2009. Nutr., 19: 379-387.
Effects of soil amendments on the bioavailability of 21. Welch, R.M., J.J. Hart, W.A Norvell, L.A. Sullivan
heavy metals from zinc mine tailings. Environ. Monit. and L.V. Kochian, 1999. Effects of nutrient solution
& Assess., 155: 467-474. zinc activity on net uptake, translocation and root

7. Dudka, S. and A. chlopecka, 1990. Speciation, export of cadmium and zinc by separated sections of
mobility and phyto-availability of trace metals in intact durum wheat seedling roots.  Plant  &  Soil,
sewage sludge amended IUNG. Pulany  Poland  R., 208: 243-250.
270: 42.

th

Edition 4  Revision.th

600/8-89/049F.

Toxicity and uptake of heavy metals by human


