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Introduction

The cultivation of cocoa (Theobroma cacao L.) 
is distributed in the latitudes of the various 

tropical countries between 20° north latitude and 
20° south latitude; up to an altitude of 1,300 meters 
above sea level (Intriago et al., 2019). According to 
Casteblanco (2018), it is a food product that has had 
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quite a marked growth in producing countries due to 
its easy handling and the excellent economic benefits 
it presents. Ecuador is the world’s leading producer 
of fine and aroma cocoa (it produces more than 60% 
of world production) (Díaz et al., 2018). According 
to Arévalo-Gardini et al. (2016), this increase in the 
areas planted with cocoa is the result of the growth in 
demand for this product in Latin America, in addition 
to higher quality and safety of the beans, especially 
in the content of important heavy metals (HMs) 
in the main products derived from cocoa. Cocoa is 
considered one of the most important perennial crops 
in the world (Maddela et al., 2020), and it is exploited 
commercially for the production of beans mainly for 
the manufacture of chocolate, in addition to its great 
potential in the food, cosmetic and pharmaceutical 
industries (Arguello-Navarro and Moreno-Rozo, 
2014). 

The presence of HMs in agricultural products above 
the maximum permissible limits is generating great 
concern for farmers, the accumulation of HMs in 
the soil is a serious risk for all living beings (Sánchez 
and Rengifo, 2017; Ramakrishnan et al., 2021). The 
term heavy metal refers to any metallic chemical 
element that has a relatively high density and is toxic 
or poisonous in even very low concentrations (Prieto 
et al., 2009), are defined as elements with a specific 
gravity equal to or greater than 5 g cm–3 (Arévalo-
Hernández et al., 2017). Tolerant values ​​in the 
presence of HMs vary from a few milligrams to only 
micrograms in the final commercial product, these 
extremely low ranges make it even more complicated 
as per International Plant Nutrition Institute (IPNI, 
2015).

HMs are a group of chemical elements that are 
present in nature, making part of the earth’s crust 
in small quantities (Beltrán and Gómez, 2015). 
For Apraez and Furtado (2019)  whose balances of 
biogeochemical cycles have been drastically altered 
by human activity, causing serious environmental 
problems and putting their health at risk. Some 
plant species have the ability to grow in soils and 
waters contaminated with HMs; in addition, they 
present the ability to accumulate a high amount of 
these substances through physiological adaptations 
(Maiti et al., 2004). According to Arévalo-Gardini et 
al. (2016), HMs from the soil, once available, can be 
absorbed by the cacao plant; however, its distribution 
in the plant and its accumulation is variable.

Cultivated plants represent an important pathway 
for the movement of potentially toxic HMs from 
the soil to humans, accumulating them in different 
amounts and in their different plant and reproductive 
organs, resulting in poisonous contributions to diets 
(Rodríguez, 2017). Cocoa cultivation is currently a 
serious problem for farmers, because the plant absorbs 
HMs from the soil and concentrates them in the seeds 
(Huamani-Yupanqui et al., 2012). The European 
Union approved the new regulation on maximum 
limits for cadmium in cocoa and chocolate, EU 
Commission Regulation No. 488/2014 that modifies 
EC Regulation No. 1881/2006 and establishes that 
as of January 1, 2019, it will enter into force for the 
EU, the standard considers the maximum cadmium 
content in various cocoa products in a range of 0.10 
to 0.80 mg kg–1 (Florida et al., 2018). The sale of 
cocoa from contaminated places could jeopardize the 
acquisition of this product in international markets. 
It is known that there are increasing demands on the 
safety of products that come from areas where there 
are no greater quality controls (Díaz et al., 2018). From 
the aforementioned, this work aimed to determine 
the morphological variations of the seedlings and 
their chlorophyll activity in cocoa seedlings subjected 
to variable doses of heavy elements.

Materials and Methods

This study was carried out between August and 
October 2018, in the greenhouse of the National 
Department of Soil and Water Management 
(DMSA) of the Tropical Pichilingue Experimental 
Station (EETP) of the National Agricultural 
Research Institute (INIAP), located at km 5 via 
Quevedo - El Empalme, Mocache canton, Los 
Ríos Province, Ecuador (Supplementary Figures 
S1, S2). Its geographical coordinates are Latitude 1o 
20’ South and Longitude of 79o 45’ West, at 75 m 
above sea level. The region is characterized by a warm 
monsoon tropical climate, with a dry season between 
June and November. According to the Instituto 
Nacional de Meteorología e Hidrología (INAMHI), 
the average temperature ranges from 22oC to 33oC 
(INAMHI, 2017). The materials such as EET-103 
Nacional Cocoa plantlets (180 days) were planted 
in soils contaminated with the chemical elements 
Mercury (Hg), Lead (Pb), Copper (Cu), Cadmium 
(Cd). For this study, the effects of six doses and a 
control (Supplementary Table S1), were evaluated, 
each one replicated four times giving a total of 112 
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experimental units.

The obtained results were analyzed by a completely 
randomized experimental design. To identify 
difference and similarities between averages, the 
Tukey Comparison Test (P<0.05) and Regression 
analysis (R2) were used. Fertilization took place 
70 and 100 days after planting. Nutrient solution 
composed of Nitrogen (52 mg L–1), Phosphorus (37 
mg L–1 P2O5), Potassium (49 mg L–1 K2O), Calcium 
oxide (50 mg L–1 CaO) Magnesium oxide (12 mg 
L–1 MgO) and Sulfate (16 mg L–1 SO4). Irrigation 
was also carried out while keeping soil moisture at 
field capacity, using ultrapure water. The variables 
evaluated were collected weekly, the plant height 
being determined with the help of a graduated ruler, 
considering the distance from the base of the stem 
to the point of apical growth. The stem diameter, 
evaluated in the first between nodes, using a digital 
caliper and for chlorophyll activity, the SPAD-502 
PLUS chlorophyllometer was used, recording in the 
four youngest leaves of the seedling and the averages 
are expressed in units of SPAD.

Results and Discussion

Mercury
With the data presented in Figure 1a, it is observed 
that the stem diameter showed an effect due to the 
presence of Hg in the soil, decreasing the growth rate 
from the dose 7.50 mg kg–1, resulting less than the 
control treatment. It seems not occur with the height 
of the plant, where the initial and final values ​​have 
a parallel growth. The trends observed in these two 
variables presented R2 values ​​that varied between 
0.17 and 0.28, indicating that there was no effect for 
the doses of Hg evaluated. The greatest effects of Hg 
on chlorophyll activity are evidenced in the leaves 
evaluated at the end of the work, presenting R2 values ​​
higher than those obtained in the initial evaluations 
(Figure 1b). The trend presented by this variable 
indicates that there is an increase in chlorophyll 
activity in the presence of Hg up to a dose of 7.5 
mg kg–1, with values ​​greater than 22.50 mg kg–1 of 
Hg in the soil, causing a decreasing in this activity 
when compared to the control treatment (Figure 1b). 
Studies carried out in the world on photosynthesis 
in cocoa are relatively recent, not very abundant, 
and have been concentrated in few countries such 
as Brazil, Colombia, Ghana, Nigeria, Great Britain 
and Venezuela. As for studies of this type in Ecuador, 

they have not been carried out. In general, the 
knowledge about the physiology of photosynthesis 
in this species is limited, except its close relationship 
with the availability of water, the concentration of 
nitrogen and the stomatal conductance of the leaves, 
especially in younger plants, but not of HMs (Héctor 
et al., 2018). Photosynthetic activity is correlated with 
foliar nitrogen content (Daymond et al., 2011) and 
the concentration of this element -component of the 
chlorophyll molecule- is lower in cocoa leaves during 
the dry season (Ávila-Lovera et al., 2015).

Figure 1: Cacao plant stem diameter (mm) and plant height (cm) 
(a) and chlorophyl content (b) as affected by different concentrations 
of mercury (Hg).

Lead
Results of cacao seedling stem diameter as influenced 
by different Pb doses were presented in the Figure 
2a, at the dose of 10 mg kg–1 of Pb the smallest stem 
diameter was observed. Chupillon (2017), did not 
observe significant statistical differences for Pb in 
the variables of plant height and stem diameter, in 
the six commercial clones studied in five evaluation 
periods. The trends observed in these two variables 
present values of R2 ranging from 0.5027 to 0.8455, 
indicating that there is a relationship between the 
Pb present in soil and the cacao plant height and 
stem diameter. Prieto et al. (2009), mention that the 
chemical immobilization processes in the soil have 
been reported or limited the growth of the plant before 
the absorbed Pb reaches values ​​that may be harmful 
to humans. Regarding the chlorophyll activity, the 
results obtained by the effect of Pb indicate that, with 
the different doses applied to the soil, and results were 
presented in Figure 2b. Leaves 1, 2 and 3 both in final 
state, reached R2 values ​​greater than 0.6, indicating 
that they could be used to evaluate effects of Pb on 
cocoa plants.

Copper
The stem diameter tends to increase from the dose 
of 7.50 mg kg–1 of Cu, while the plant height, has 
a tendency to decrease from the dose of 12 mg kg–1 
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of Cu (Figure 3a). Data on the determination of 
chlorophyll activity in cocoa leaves were presented 
in Figure 3b, which shows that leaf 3, in final state, 
showed the highest value of R2 (i.e. >0.6), which could 
indicate that this leaf could serve to assess the effects 
of Cu’s presence in the soil on chlorophyll activity.

Figure 2: Effects of different concentrations of lead (Pb) on cacao 
plant stem diameter (mm) and plant height (cm) (a) and chlorophyl 
content (b).

Figure 3: Cacao plant stem diameter (mm) and plant height (cm) 
(a) and chlorophyl content (b) as affected by different concentrations 
of copper (Cu).

Cadmium	
Cocoa seedlings did not have significant statistical 
differences in plant diameter and height, as an effect of 
Cd doses, without reaching a high degree of toxicity. 
However, at the dose of 2.5 mg kg–1 Cd the smallest 
diameter and the lowest plant height were observed 
(Figure 4a). The results in this study, consistent with 
Acosta (2013), who reported that this response could 
explain the way of translocation of metals to the 
organs of the plant, differing from an initial stage of 
germination to a final stage of growth. The highest 
values of these two variables were observed in control 
treatment, indicated that the presence of Cd in the 
soil, starting at the dose of 0.5 mg kg–1, cause delay 
in plant development. These values are below that 
found in soils of the Province of El-Oro, which are 
contaminated by this metal with contents of 2.53 
and 2.23 mg kg–1 in the surface layer and 2.40 mg 
kg–1 to 20 centimeters, values that exceed 2.00 mg 
kg–1, of critical contamination (Mite et al., 2010). As 
expressed by He et al. (2017), plants can show signs of 

toxicity when the total concentration of Cd in the soil 
exceeds 8 mg kg–1, the concentration of bioavailable 
Cd in the soil is >0.001 mg kg–1, or the concentration 
of Cd in plant tissue reaches 3-30 mg kg–1. The age of 
a tree can influence its absorption of Cd; for instance, 
results from Meter et al. (2019), indicated that young 
cacao plants absorb more Cd than adults. 

Figure 4: Cacao plant stem diameter (mm) and plant height (cm) 
(a) and chlorophyl content (b) as affected by different concentrations 
of cadmium (Cd).

In assessing the effect of the Cd on chlorophyll 
activity, according to the data presented in Figure 4b. 
The leaves evaluated at the end of the study (H1, H2 
and H3), would be the ones that best demonstrate 
the changes, presenting values of R2 > 0.7. Plants 
exposed to high levels of Cd showed a reduction 
in photosynthesis, water absorption and nutrient 
absorption and, consequently, chlorosis, growth 
inhibition, browning of the root tips and finally death 
were observed ( Jiménez, 2015).

Conclusions and Recommendations

HMs induced morphological alterations in cocoa 
seedlings. For instance, Hg at 7.50 mg kg–1 decreased 
the diameter of seedlings. Chlorophyll content was 
badly affected at 7.5-22.5 mg kg–1 of Hg. Stem 
diameter decreased by Pb at 10 mg kg–1. Inverse 
relation was observed between stem diameter and Cu 
content. The presence of Cu in the soil, from 6 mg 
kg–1, caused an increase in stem diameter and with 
12 mg kg–1, a decrease in plant height. Cd was found 
to be more phytotoxic than other studied HMs. The 
older of the cocoa leaves, the better the effects of the 
elements in the soil are evident on the chlorophyll 
activity. The above results clearly suggest that different 
metals at different concentrations have significant 
toxic effects on cacao seedling. Therefore, HMs 
present in the cacao cultivating soils have significant 
negative impact on the cacao seedlings.
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