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Cocoa plant (Theobroma cacao L.) is one of good annual crops grown in Indonesia. 
The disadvantages and advantages of Ca in plants can affect morphology and 
anatomy in plants. This research aimed to identify the effect of Ca on the anatomical 
performance of the roots of cocoa plants and determine the optimal dose of Ca for 
the anatomical characteristics of the roots of cocoa plant. The research was conducted 
at the cocoa plantation owned by PT. Pagilaran at North Segayung Production Unit, 
Tulis Subdistrict, Batang Regency, Central Java, in October 2019 – February 2021. The 
observation of root anatomy was carried out by making preparations, and the plant 
roots were taken destructively and sliced transversely. The field experiment was 
arranged using a single factor randomized complete block design. The treatments 
consisted of without fertilizer application and calcium fertilization at a dose of 100 
g/tree/year, 200 g/tree/year, 300 g/tree/year, and 400 g/tree/year. The cocoa clone 
used was clone RCC 71. The results showed that an increase in the dose of CaCl2 
fertilizer up to 400 g/tree/year was generally followed by an increase in the size of 
the xylem and phloem diameters, the thickness of the cork layer, the thickness of 
secondary cortex, and the diameter of the stele. The quadratic effect of the dose of 
CaCl2 fertilizer was observed only on the thickness of the root cambium tissues. Thus, 
it is necessary to conduct further research to determine the optimal dose of Ca 
fertilizer for the anatomical characteristics of cocoa roots.

INTRODUCTION 

Cocoa plant (Theobroma cacao L.)  is one of the 
annual crops that are quite good growing in tropical 
climates (Badrie et al., 2014) and plantation 
commodities that have a fairly important role for 
the Indonesian economy. The development of cocoa 
bean production from 2017–2020 is quite fluctuating, 
but in general, the trend is decreasing. In 2017, 
cocoa bean production amounted to 590,684 tons, 
increased in 2019 to 734,796 tons but in 2020, decreased 
to 713,378 tons or decreased by ­4.23 % (Directorate 
General of Estate, 2020). 

In Indonesia, plantation that have been built still 
have the opportunity to increase productivity because 
the average productivity is currently less than 50% of 
its potential (Directorate General of Estate, 2020). The 
decrease in cocoa productivity and quality of cocoa 
beans is caused by several factors, such as the age 
of old plants, planting materials, disease pest attacks, 
decreased soil fertility, and improper cultivation 
techniques. One of the less precise cultivation 
techniques is fertilizing plants. According to Vliet and 
Giller (2017), plants need a variety of ions as essential 
nutrients, which are taken from the soil and distributed 
throughout the plant (Grusak et al., 2016). Calcium 
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(Ca) is an important element in plant growth and 
development (Aras and Bozkurt, 2021). In addition, the 
presence of Ca is also important for cell lengthening, 
cell division, and regulation of cations absorption 
(Dorozhkin, 2017). Ca also plays a central role in 
plant physiology. Ca is involved in the structure and 
permeability of plant cell walls, thus providing 
strength to plants (Riveras et al., 2015; Yang et al., 
2015). Showing unique behavior as signaling molecules 
in the cytosols (Saito and Uozumi, 2020), Ca is also 
involved in the structure and permeability of plant 
cell walls, thus giving strength to plants (Bothe, 
2015; Domingues et al.,2016).  

The presence of Ca is also important for cell 
lengthening, cell division, and regulation of cations 
absorption in plant rooting (Dorozhkin, 2017). The 
provision of Ca fertilizer in cocoa farmland can 
increase the production of cocoa beans and fruit. 
According to the Indonesian Coffee and Cocoa 
Research Center (2015), the recommendation of 
fertilization based on the results of analysis of 
cocoa plant tissue at several stages of growth is 300 
kg.ha­1 Ca to support the growth and development 
of plants to produce fruit. There have been several 
studies on the effect of Ca fertilization on improving 
the performance of cocoa plants and increasing 
their production. 

The deficiencies and advantages of Ca in plants 
can be viewed from various responses to the growth, 
development and yield of plants, which were previously 
preceded by biochemical, physiological, anatomical, 
and morphological responses. According to Riveras 
et al. (2015), one of the impacts of Ca deficiency is the 
failure of the formation of new shoots and disruption 
of the development of apical cells at the root end so 
that the distribution of nutrients through xylem in 
root can be disrupted (Sturião et al., 2020; Atkinson, 
2014; Du et al., 2017).  Therefore, efforts to increase 
the content of soil Ca is one way that can be done.  At 
this time, the study of Ca contribution to anatomical 
characteristics and cocoa crop yields has not been 
widely carried out.  

The study of plant anatomy is needed in studying 
the growth, development and differentiation of cells 
in a wide variety of cultivated plants. Anatomical  
observations of meristematic regions such as at the 
root end become the first step in identifying tissue 
growth and differentiation patterns as well as plant 
tissue specifications (McCormack et al., 2015). Roots 
play an important role for plants. In general, roots are 

composed of three types of tissues, namely protective 
tissues, including the epidermis and its derivates, 
basic tissue, consisting of parenchyma, cholenchyma 
and sclerenchyma, and transport tissues, including 
xylem and phloem (Maiti et al., 2012). 

Based on the description above, research on the 
effect of Ca fertilization on anatomical characteristics 
and cocoa yields is necessary because the information 
is quite limited. Besides, the cocoa plantation of PT. 
Pagilaran at North Segayung Production Unit has 
never been fertilized with Ca despite its essential 
roles to support plant growth and production. Ca 
deficiency can inhibit the function of meristematic 
tissues, such as root ends, plant top growing points, 
and storage organs. The direct or indirect effects of Ca 
nutrient management on the anatomical characteristics 
and cocoa yields have not been examined. 

Research related to the effects of Ca on cocoa 
farming is still rarely done, especially in Indonesia, 
so the information is quite limited.  Studies related 
to Ca contribution to plants have more to do with 
growth and yield variables (Carr, 2012; Vliet and Giller, 
2017). The detailed study related to Ca's contribution 
to the anatomical character of root tissue is quite 
limited, especially to cocoa commodities. The aim 
of the study was to determine the effects of Ca on 
the anatomical characteristics of the roots of the 
cocoa plant and to determine the optimal dose of 
Ca for the anatomical characteristics of the roots of 
the cocoa plant. 

MATERIALS AND METHODS 

Field research was conducted at cocoa plantations 
owned by PT.  Pagilaran in North Segayung Production 
Unit, Tulis Subdistrict, Batang Regency, Central Java 
Province in October 2020–February 2021. The 
destructive observation and soil nutrient content 
analysis activities were conducted in Sub­Laboratory 
of Plant Science, Sub­Laboratory of Plant Management 
and Production, Sub­Laboratory of Kuningan Soil 
Science, Faculty of Agriculture, in Soil Laboratory of 
BPTP, Maguwo, Yogyakarta, and in Laboratory of 
Biology, Faculty of Biology, Universitas Gadjah Mada, 
Yogyakarta. 

The study was conducted at cocoa plantation 
locations with low Ca availability levels. The determination 
of the location of the plantation with low Ca level was 
carried out using initial soil analysis of all blocks in the 
North Segayung Production Unit. In each field block, 
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a composite soil sample was taken to determine the 
Ca levels (low, medium, and high). 

  According to the Soil Research Center (2009), 
the Ca content of <2 me/100 g, 2–5 me/100 g, 6–10 
me/100 g, 11–20 me/100 g, and >20 me/100 g is 
categorized as very low, low, medium, high, and 
very high, respectively. Selected field blocks used as 
research sites are field blocks with low Ca levels. If 
there are several plantation blocks with low Ca content, 
then the next selected as the research site is the 
plantation block dominated by cocoa plants of RCC 
71 clones. RCC 71 clones aged ± 20 years were selected 
as research objects because they are superior 
clones with high production. In selected field blocks 
with low Ca content and dominant RCC 71 clones, a 
map of the field used as the location of the research 
plot was made. On each block, 15 cocoa plants of 
RCC 71 clone were selected. Selected plants cannot 
be joined directly together, with at least one line of 
plants as a detractor. The 15 plants were then 
fertilized with Ca according to the doses to be 
tested. The total of samples was three plants per 
block per dose of Ca. 

Field experiments were arranged using a single 
factor randomized complete block design, with Ca 
fertilization doses as treatments. Ca fertilizer was 
given in the form of CaCl2 by immersing it in the root 
area of the cocoa plants. The treatment consisted 
of without fertilizer (C0) and Ca fertilization at the 
doses of 100 grams/tree/year (C1), 200 grams /tree 
/year (C2), 300 grams/tree/year (C3), and 400 
grams/tree/year (C4). Ca was given once, which was 
in September 2020 during the dry season. 

Root anatomy observation was carried out by 
making preparations, and the plant roots were 
taken destructively and sliced transversely. The 
preparations were made by the paraffin embedding 
method. The transverse incision preparations for 
the root organs were analyzed for anatomical structure 
using an Olympus digital binocular microscope 
(Germany) 40 × 10 and  optilab viewer. The length 
and width values were measured using the Image 
Raster application in units (μm). 

The anatomical responses of Ca plant roots to Ca 
fertilization were indicated by several observed 
characteristic variables, including xylem and phloem 
diameter, thickness of cork layer, thickness of 
cambium tissue, and stele diameter. The data of 
anatomical characteristics of cocoa roots were 
displayed in graph and analysis of variance (ANOVA) 

at a =5% confidence level. If the ANOVA results 
showed significant difference between treatments, 
the data were then tested using a polynomial 
(regression) test at =5% confidence level to determine 
the optimal Ca dose for the development of the 
anatomical characteristics of the cocoa roots. Data 
analysis was performed using SAS program version 
6.12. 

RESULTS AND DISCUSSION 

Based on the results of regression analysis, there 
were significant effects of the Ca fertilization on the 
anatomical characteristics of the roots, including 
xylem and phloem diameter, thickness of cork layer, 
secondary cortex thickness and stele diameter.  
Meanwhile, there was no significant effect was 
observed on the thickness of the cambium tissue.   

Regression analysis results showed that Ca 
fertilization affected the anatomical characteristics 
of the cocoa roots in the form of xylem and phloem 
diameter in a linearly positive manner. Each increase 
in the dose of Ca fertilizer up to 400 g/plant/year is 
always followed by an increase in the diameter of 
xylem and phloem. Ca fertilization in cocoa plants 
affected the diameter of xylem by 84% (R² = 0.8497), 
with a regression equation of y = 0.0428x + 36.922 
(Figure 1). Meanwhile, Ca fertilization in cocoa plants 
affected the diameter of phloem by 82% (R² = 0.8253), 
with a regression equation of y = 0.0056x + 4.8 
(Figure 1).   

Availability of Ca in soil can respond to meristematic 
tissues, such as root ends in plants (Cacho et al., 
2013), and Ca will target cytoskeletons in cytosols, 
which will later encourage cell division, cell wall 
biosynthesis and increased root end expansion 
(Naeem et al., 2018; Yang et al., 2015). Root changes 
caused by Ca affect water absorption, nutrients, and 
hormone production, which will eventually improve 
the morphology and anatomy of a plant (Vasconcelos 
et al., 2020).   

The increase in the diameter of xylem and phloem 
(Figure 4) is often associated with the transport of Ca 
from the roots to the top of the plant through xylem 
following transpiration flow, and the presence of Ca is 
found in many plant phloem tissues (He et al., 2014).  
According to Liu et al. (2011), Ca administration to 
cocoa plants undergoes buildup on the root surface, 
on the cell wall (apoplast) and on the exterior surface 
of the plasma membrane. In xylem vessels, many 



nutrients move passively into the shoots together with 
water following transpiration flow or by root pressure.  

Regression test results showed that Ca fertilization 
in cocoa plants affected the anatomical characteristics 
of the cocoa roots in the form of cork layer and 
secondary cortex thickness in a linearly positive 
manner (Figure 2), in which each increase in the 
dose of Ca fertilizer up to 400 g/plant/year is always 
followed by an increase in cork layer and secondary 
cortex thickness of cocoa roots. Ca fertilization in 
cocoa plants affected the thickness of the cork layer 
by 87% (R² = 0.8702), with a regression equation of 
y = 0.0289x + 44.52. Meanwhile, Ca fertilization in 
cocoa plants affected the thickness of the secondary 
cortex by 90% (R² = 0.9064), with a regression equation 
of y = 0.0461x + 75.849 (Figure 2). 

This is thought to be because Ca administration 
can stimulate secondary meristem activity "Cambium", 
leading to the development of roots (Figure 4). This 
makes the epidermal layer separated into rupture 
and peeled off. The protective role of the epidermis 
is then replaced by cork tissue formed from the cork 
cambium located on the outer side of the trunk cortex 
(Li et al., 2018). Cork tissue is a tissue found at the 

edge of the roots of plants and is composed of cork 
parenchyma cells. Cork tissue contains suberin and 
cutin that are stronger than the epidermis. Cork tissue 
is also composed of cork cells (Ni et al., 2019). This 
tissue serves to protect the network below it from 
losing too much water (Inácio et al., 2018).   

The availability of Ca in plants can have a positive 
impact on the development of plant tissues, such as 
on the thickness of the secondary cortex of cocoa 
roots. Increasing the dose of Ca fertilizer applied up 
to a concentration of 400 g results in the increase of the 
thickness of the root secondary cortex by 96.84 µm 
(Figure 4). This is in accordance with Atkinson (2014), 
stating that Ca can be mobilized and redistributed 
from the younger tissue to the older tissue through 
phloem, which in turn depends on unidirectional 
transpiration flow, which then affects the development 
of plant roots. 

The results of regression analysis showed that Ca 
fertilization in cocoa plants had a quadratic effect on 
the anatomical characteristics of the roots, which 
was cambium tissue thickness (Figure 4). Increasing 
the fertilizer dose Ca up to the optimal dose (270 
g/plant/year) is followed by an increase in the thickness 
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Figure 1. Relationship of xylem and phloem diameter with the dose of calcium        
fertilizer

Figure 2. The relationship of cork layer and secondary cortex thickness with the dose 
of calcium fertilizer
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of cambium tissue to 17.84 (μm). However, if the 
dose of Ca fertilizer continues to be raised until it 
passes the optimal dose, it actually causes a decrease 
in the thickness of the root cambium tissue to 
17.81(μm). Ca fertilization in cocoa plants affected 
the thickness of cambium tissue by 88% (R²= 0.8827), 
with a regression equation of y = ­5E­05x2 + 0.027x 
+ 14.191 (Figure 3). This result is thought to be due 
to the excessive Ca that can inhibit the absorption 
and utilization of other nutrients, such as B, K, and Mg 
in plants (Charpentier & Oldroyd, 2013).  

Ca is used to control soil pH, help the formation 
of soil aggregates, and function as the main ion in 
the soil cation exchange complex (Sturião et al., 
2020; Atkinson, 2014). Gas chromatography­mass 
spectrometry produces excess Ca so that the primary 
metabolism in the roots becomes more active, 
thereby stimulating the activity of the secondary 
meristem "Cambium" (Bauer et al., 2011).  

Regression analysis results showed that Ca 
fertilization in cocoa plants positively affected the 
diameter of the stele. The increase in the dose of Ca 
fertilizer up to 400 g/plant/year is always followed 
by an increase in the diameter of the cocoa root stele. 
Ca fertilization in cocoa plants affected the stele 
diameter by 90% (R² = 0.9064), with a regression 
equation of y = 0.0461x + 75.849 (Figure 3). 

Ca also spurs cell lengthening in plants, causing 
organ tissues in roots and stems to develop, thereby 
spurring the development of vascular tissue and 
encouraging cell division that causes cambium 
tissue to develop (Grusak et al., 2016).  Ca has several 
different roles in high­level plants, including controlling 
membrane, enzymes, cell walls, and phytohormones 
(Freitas et al., 2015).  Song et al., (2018) state that 
Ca administration positively impacts larger cell size 
(hypodermis internal parenchyma cells, external 
parenchyma cells and stele diameter).  

Figure 3. The relationship of the thickness of the cambium tissues and the stele 
diameter of the cocoa root with the dose of calcium fertilizer 

Figure 4. Cross section (10 × 10 magnification) of roots of cocoa plants in various 
applications of calcium fertilizer sources; a) the cork layer; b) phloem; c) xylem; 
d) stele; e) cambium, Scale bar: a = 70 µm.



CONCLUSIONS 

The effect of Ca on the anatomical performance 
of cacao roots was generally followed by an increase 
in the size of the xylem and phloem diameters, the 
thickness of the cork layer, the thickness of the 
secondary cortex and the diameter of the stele. 
Quadratic effect of the dose of CaCl2 fertilizer was 
found only on the thickness of the root cambium 
tissues. Therefore, related to the anatomical 
performance of the roots, the optimal dose of CaCl2 
fertilizer has not been determined. 
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