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Effects of annual spraying of copper (Cu) fungicide by cocoa farmers in Nigeria needs immediate
investigation to avoid copper toxicity which will affect uptake of other essential nutrients for plant
growth. Laboratory and Screenhouse studies were carried out to investigate the effects of Cu
application on availability of P, Zn, Fe and growth of maize. In the laboratory, copper was applied as
CuSO0;, at 0, 10, 20, 30, 40 and 50 mg Cu kg™ to 100 g soil and left for 5 weeks for equilibration while in
the Screenhouse, the same rate of Cu was thoroughly mixed with 1 kg soil in a plastic container. Maize
was used as the test crop and growth parameters were monitored. Soil and tissue samples were
analysed for Cu, P, Zn and Fe at the end of Laboratory and Screenhouse experiments. The experiment
was arranged in a completely randomized design and replicated three times. Data obtained were
subjected to analysis of variance; differences in means were tested using the Duncan Multiple Range
Test. The results from Laboratory and Screenhouse experiments showed significant decrease in soil
available P, Zn and Fe as rates of Cu increase over control experiment. The effect was more
pronounced at application rate above 20 mg Cu kg™. Gradual decrease in maize plant height, stem girth,
leaf areas index, P, Zn and Fe uptake were observed as rate of Cu application increased. For instant, at
application rate of 10 and 20 mgkg™, available P uptake was 5.49 mg/pot and 3.08 mg/pot respectively.
The negative impact of Cu accumulation on available P was consistent in all the experiments. The result
of the experiment clearly revealed strong negative impact of excess Cu on availabilities and uptake of
P, Zn and Fe in soil.
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INTRODUCTION

Copper is an essential element for various metabolic
processes in soils (Scheiber et al., 2013). It is required
only in trace amounts and becomes toxic at high
concentrations (Delas, 1963; Alva and Chen, 1995). The
critical copper deficiency level in vegetative plant parts is

generally 3 to 5 mg kg™ dry weight (Robson and Reuther,
1981). Contrastingly, high Cu levels may inhibit root
elongation and damage of root cell membranes of non-
tolerant plants (Wainwright and Woolhouse, 1977).
Particularly, cocoa farmers in Nigeria apply Cu fungicides
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annually to curb the menace of black pod disease, which
is caused by Phythophthora spp. However, high
application rates of Cu reduced soil nutrients which
affects plant productivity (Lindsay, 1974). When copper
gets into the soil, it binds strongly to organic matter, clay
minerals and hydrated oxides of iron (Fe), aluminium (Al)
and manganese (Mn) (Schnitzer, 1969), and either
reduces the concentration of these nutrients (Fe, Mn and
Al) in the soil or makes them unavailable for plant uptake.
For example, Savithri et al. (2003) found that as the
copper content in the soils of grape farms increased with
continuous application of copper fungicides in form of
Bodeaux mixture (CuSO, + Ca(OH),), the amount of
micronutrient such as zinc, manganese and iron
decreased. Similarly, some macronutrients are also
affected, for example, available phosphorus contents of
the soils decreased with application of Cu fungicide at
both surface and subsurface layers (Spencer, 1966).
Akinnifesi et al. (2006) reported that increasing copper
content of soils in cocoa plantations reduced the amount
of plant available phosphorus that caused nutrient
imbalance, which may affect nutrient uptake by plants. In
fact, increasing amounts of Cu in soil may cause
translocation of Cu to various vegetative parts. Grain
crops such as maize requires relatively high amount of
Cu to improve quality and yield but at some certain level,
it becomes toxic to the plants (Rogerio et al., 2013).
Thus, this study was carried out to determine both the
interactions between increasing application rates of Cu
and soil available P, Zn and Fe as well as to determine
the effect of increasing Cu application rates on nutrient
uptake (P, Zn and Fe) and plant growth of maize plant.

MATERIALS AND METHODS

Soil samples (0 to 15 cm) were collected from Teaching and
Research Farm (T&RF), Obafemi Awolowo University, lle-Ife in
Southwestern Nigeria. The T&RF is situated within the rain forest
zone and located between latitudes 7° 32' N and 7° 33" N and
longitudes 4° 32’ E and 4° 40’ E. The altitude is 244 m above the
sea level. The local classification of the soil is Iwo series while the
USDA equivalent is Ultisol. The soil samples were air dried and
subjected to physical and chemical analysis. These were particle
size analysis, soil pH, organic matter, exchangeable cations, Total
N, available P and micronutrients. Experiments were carried out for
five weeks at the Department of Soil Science and Land Resources
Management, Obafemi Awolowo University, lle-Ife, Nigeria, to
determine the effect of Cu on soil P, Zn and Fe, growth parameters
and nutrient uptake of maize plant. The particle size analysis was
carried out using the modified hydrometer method by Bouyoucous
(1965). Soil pH in 0.01 M CaCl, was determined using the soil-
solution ratio 1:2 (Peech et al. 1953). The soil organic matter
content of the soil was determined using the Chromic Acid
Digestion Method by Walkley-Black (1934) as reviewed by Allison
(1965). Exchangeable basic cations (Ca, Mg, K and Na) were
extracted with 1 N NH,OAc at pH 7 (Thomas, 1982) while available
P was determined by Bray 1 method (Bray and Kurtz, 1945).
Available Cu, Zn and extractable Fe were extracted with 0.1 N HCI
(Wears and Sommer, 1948). The micronutrients (Cu, Zn and Fe),
Ca and Mg were determined using an Atomic Absorption
Spectrophotometer (AAS) (PG 990 model) while Na, K were

determined using Flame photometer. Laboratory experiment was
carried out for 5 weeks in order to assess the effect of addition of
copper to soil on other soil chemical properties. Copper was applied
as CuSO;, at 0, 10, 20, 30, 40 and 50 mg Cu kg™ to 100 g soil and
left for 5 weeks to equilibrate. The moisture content was determined
by filling 1000-ml flask with soil and cotton wool was spread on the
soil. 100 ml water was poured into the flask and covered with
polythene bags with 6 holes on it for good aeration. The experiment
was left for 48 h. Soil sample was taken from the middle of the flask
and oven-dried until constant weight was achieved. The soil field
moisture content was then determined.

In the screenhouse, the same rate of Cu was applied to 1 kg soil
in a plastic container and moistened to 70% field moisture capacity
to determine the effects of increasing rate of Cu application on
nutrient uptake and plant growth of maize. The experiment was
replicated three times and arranged in completely randomized
design. 17 ml of water per 100 g of soil was calculated for field
moisture content while 70% of that gave 12 ml. 120 mis of
deionized water was then added to 1 kg soil. The watering was
done every 3 days throughout the experimental period in the
Screenhouse to maintain moisture content. Maize (Zea mays L.)
was used as the test crop and growth parameters (plant height,
stem girth and leaf areas) were monitored forthnightly. Soil and
tissue samples were analysed for Cu, P, Zn and Fe. All the
experiments were carried out in triplicates and arranged in
completely randomized design. Data obtained were subjected to
analysis of variance; differences in means were tested using the
Duncan Multiple Range Test.

RESULTS AND DISCUSSION

Physical and chemical properties of the soil used for
laboratory and screenhouse studies

The results of physical and chemical properties of the soil
used for the experiment are presented in Table 1. The
soil was slightly acidic. The soil organic matter (OM) was
low while total nitrogen was moderate. The exchangeable
bases were moderately high. The available P was equally
high while that of available Cu was moderately high. The
extractable Fe and available Zn were generally high. In
general, the soil may be considered as moderately fertile.

Effects of added Cu on available P, Zn and Fe in the
incubation experiment

The available Cu increased significantly (p<0.05) over the
Control as rates of Cu application increased (Table 2).
Soil P, Zn and Fe decreased as Cu rates increased.
Available P showed significant (p<0.05) decrease with
increasing rates of Cu application over the Control
experiment. For instant, at 0 mg Cu kg™ and 10 mg Cu
kg', available P were 27.66 and 26.35 mgkg"
respectively. The result showed antagonistic interaction
between available Cu and P. Similarly, application of Cu
resulted in significant (p<0.05) decrease in available Zn
values when compared with the Control. This might be
due to the fact that Cu and Zn have similar charge and
ionic size. Robson and Pitman (1983) reported that such
interactions are more common between nutrients of
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Table 1. Physical and chemical properties of Ilwo series, the
reference soil used for the experiments.

Properties Values
Sand (gkg™) 728
Silt (gkg™) 107.2
Clay (gkg™) 164.8
Textural class Sandy loam
pH (0.01 M (CaCl,) 6.1
Organic matter (%) 131
Total N (%) 0.18
Available P (mg kg™) 27.45
Available Cu (mg kg™) 1.19
Available Zn (mg kg™ 6.43
Extractable Fe (mg kg™) 13.47
Exchangeable cations (cmolkg'l):

K 0.49
Ca 0.56
Mg 1.05
Na 0.32

Table 2. Effect of rates of Cu on available P, Zn and Fe in the
equilibration experiment after 5 weeks.

P Zn Fe
Cu rates =
(mg kg™)
0 1.11° 27.66° 6.43% 13.46°
10 11.63° 26.35° 5.62° 11.91°
20 19.43° 24.74° 4.90° 11.28°
30 25.93° 22.82¢ 3.95¢ 9.81°
40 32.56° 21.39° 3.40% 8.34¢
50 35.80° 20.04' 2.79° 7.73¢

Means with the same letter within the columns are not significantly
different (p<0.05) according to Duncan’s multiple range test.

similar size, charge and geometry of coordination and
electronic configuration. Similarly, available Fe decreased
significantly (p<0.05) following the application of different
rates of Cu when compared with the Control (Table 2).

Effect of Cu additions on available P, Zn and Fe in the
screenhouse experiment

Soil available P, Zn and Fe

The experiment was carried out in the Screenhouse for
five weeks after which the soil was analyzed to determine
the interactions among Cu, Zn, Fe and P following the
application of different rates of Cu (Table 3). The Cu
content in the soil after harvesting increased significantly

(p<0.05) as the rate of application increased when
compared with the Control. Significant (p<0.05) decrease
in available P after harvesting over the Control was also
observed. It was observed that significant difference
(p<0.05) was recorded among Cu treated pots.
Application rate above 20 mg Cu kg’ significantly
reduced available P. For instance, available P at 20 mg
Cu kg™* was 18.09 mg P kg™ while 12.76 mg kg* was
recorded at application rate of 30 mg Cu kg™. Similarly,
significant decrease in available Zn (p<0.05) was
observed following the application of different rates of Cu
to the soil over the Control. As copper and Zn have
similar ionic size, the presence of Cu in the soil may,
therefore, have some negative effects on Zn as both
elements compete for the same adsorption sites. There
was no significant (p>0.05) difference in extractable Fe
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Table 3. Effect of Cu addition on available P, Zn and Fe after maize
harvesting.

Cu rates Cu P Zn Fe
(mg kg™
0 0.92' 22.38° 5.25% 13.46%
10 9.10° 18.84° 4.19° 11.67°
20 19.29¢ 18.09° 3.77° 9.82°
30 25.14° 12.76°¢ 3.09.° 8.17¢
40 38.20° 12.60°¢ 2.72° 7.04°
50 45.80% 10.88° 2.44° 4.96'

Means with the same letter within the columns are not significantly
different (p<0.05) according to Duncan’s multiple range test.

content following the application of 10 mg/kg of Cu salt
when compared with the Control but significant decrease
(p<0.05) was recorded as application rate increased
beyond 10 mg Cu kg™. Significant difference was
recorded in extractable Fe among Cu treated pots, for
example, 8.17 mgkg™ and 7.04 mgkg™ at 30 and 40 mg
Cu kg™ were recorded. Presence of excess Cu in the soil
has negative effect on extractable Fe content as earlier
observed in the equilibration study (Table 3). Cu
applications changed availability of nutrients, which
affected plant nutrition (that is, total contents in biomass).
This points to the fact that an excessive use of Cu
fungicides may reduce plant productivity.

Growth of maize plant

The effects of different rates of Cu on growth parameters,
viz, plant height, stem girth and leaf areas and nutrient
uptake by maize were also monitored in the
screenhouse. The plant height showed no significant
difference (p>0.05) in all the Cu treated pots except at the
application rate of 50 mg Cu kg™ when compared with the
Control (Table 4). This confirms earlier work reported by
Karataglis and Babalonas (1985), that plant height, shoot
and root biomass, flower and fruit production decreased
with increasing Cu concentration. This suggests that
excess Cu in soil affects uptake of other nutrients for
plant height development and invariably results into low
productivity. No significant effect (p>0.05) of added Cu
was found on stem girth when compared with the Control.
The results showed gradual reduction in stem girth
following different rates of Cu application to soil. Leaf
area index showed significant decrease (p<0.05) at 30,
40 and 50 mgkg™ Cu treated pot when compared with
control. However, there was no significant effect (p>0.05)
of added Cu on leaf area index at 10 and 20 mg/kg Cu
treated pot when compared with the Control. This implies
that the presence of Cu in the soil had negative impact on
the ability of maize plant to absorb nutrients necessary
for leaf area development. This is in line with a report of

Zheng et al. (2004) that excessive Cu reduced plant root
length, root dry weight, total dry weight, and root to shoot
ratio, leaf area and specific leaf area in three ornamental
crops grown in solution culture.

Nutrients uptake

There was no significant effect (p>0.05) of added Cu in
Cu uptake by maize as Cu rates increased in all the Cu
treated pots (Table 4). However, significant decrease
(p>0.05) was observed when compared with the Control.
This may be attributed to immobilization of Cu by humic
substances in the soil. This result showed that increase in
Cu content of the soil may lead to low absorption of Cu
by plant. No significant effect of added Cu was observed
in P uptake at application rate of 10 mg Cu kg™* when
compared with the Control. Significant decrease was
observed among Cu treated pots, for instance, P uptake
at 10 and 20 mg Cu kg™ were 5.49 and 3.08 mgkg™.
There was gradual reduction in P uptake as rate of Cu
increased. This result also supports the observation
made in the equilibration study and analysis of soil after
harvesting of maize plant in the Screenhouse. Significant
decrease in Zn uptake was recorded in all the Cu treated
pots over the Control. Gradual decrease was observed in
Zn uptake as the rate of Cu application increases. This
result follows the same pattern as observed in the
equilibration study. Other studies have shown that Cu
and Zn interact with each other due to antagonistic
relationship (Dangarwala, 2001). The application of Cu
significantly reduced the Fe content in the plant tissue in
all the Cu treated pots over the Control, a finding similar
to the observation in the equilibration study. The results
were in agreement with those of Brar and Sekhon (1978),
who observed that excess Cu antagonistically affected
the translocation of Fe from stem to the leaves. Excess
Cu in the soil may cause Fe chlorosis in plants and
thereby affecting the productivity and biodiversity (Alva
and Graham, 1991). It was reported that response of
excess Cu has frequently been attributed to an
interference with Fe metabolism (Yau et al.,, 1991,
Ouzounidou et al., 1995). Kim et al. (1978) and
Gongcalves et al. (2009) reported that the interference of
heavy metals in excess amounts with normal Fe
metabolism was known to induce physiological Fe
deficiency.

Conclusions

The study investigated the effects of Cu fungicides on
available P, Zn and Fe and on growth and nutrient uptake
by maize (Zea mays L.). The results of the study showed
that available Cu increased significantly over the Control
as rate of Cu application increased. Significant decrease
in available P was observed as rate of Cu increased. The



Azeez et al. 363

Table 4. Effect of Cu additions on heights (cm), stem girth (cm) and leaf areas (cm?) and nutrient uptake (mg/pot) of maize in the

Screenhouse.

Cu rates (mg/kg) Plant height (cm) Stem girth (cm)

Leaf areas (cm)

Nutrient uptake

Cu P Zn Fe
0 57.20° 2.40° 150.70% 0.06° 5.56° 0.022 0.502
10 53.97° 2.37° 150.97% 0.02° 5.49° 0.02° 0.19"
20 50.87% 2.27% 146.28% 0.02° 3.08" 0.02" 0.06°
30 50.50° 2.23%® 138.90° 0.02° 2.58° 0.01% 0.05°
40 49.072 2.13" 126.20° 0.01° 2.68" 0.01¢ 0.04°
50 48.13° 2.07° 116.77° 0.01° 1.91° 0.01¢ 0.02°

Means with the same letter within a column are not significantly different (p<0.05) according to Duncan’s multiple range test.

result showed antagonistic relationship between available
Cu and P as the rate of Cu application increased. It
could be that accumulation of Cu hindered the uptake of
P by the plant or reduced its availability in soil. Significant
decrease was observed in Zn contents as the rate of Cu
application increased. This relationship might be due to
the fact that Cu and Zn have similar charges and ionic
sizes. Significant decrease was also observed in
extractable Fe content over the Control as the rate of Cu
application increased. Gradual decrease in plant height,
stem girth and leaf area index were recorded as the rate
of Cu application increased. This pointed to the fact that
presence of excess Cu in the soil prevented the
absorption of essential nutrients needed for adequate
development of plant height, stem girth and leaf area.
There should be proper monitoring of Fe, P and Zn levels
in soils after Cu applications to ensure nutrient balance
because excess Cu may reduce plant productivity and
thus reduce economical income by farmers.
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