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Abstract

In Mexico, the habanero chili (Capsicum chinense) is one of the most economically 
important vegetables. The objective of this chapter was to evaluate the production 
of the habanero chili (C. chinense) crop on biochar substrate in a hydroponic system 
under a protected structure. The chili variety that was working with was Orange. 
The experiment was established with a completely randomized design with five 
treatments and 10 repetitions, totaling 50 experimental units. Three mixtures of 
biochar and tepetzil were evaluated, in addition to a treatment with 100% biochar 
and a control treatment (T1) with only tepetzil. The data were analyzed by analysis of 
variance and the Tukey test (P ≤ 0.05) using the Statistical Analysis System statistical 
program. The results show no differences in terms of fruit weight; however, there 
was a significant effect on the yield of the habanero pepper. The results demonstrate 
a clear effect of biochar and hydroponics on yield, where 50% was used; the highest 
value was obtained with 56.30 T ha−1. However, tropical agriculture usually plays 
a very important role in the country’s economy. Therefore, the implementation of 
hydroponics as an alternative form of crop production helps promote environmental 
protection as well as sustainability.
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1. �Introduction

Habanero peppers are predominantly grown in four main regions in Mexico at 
a national level: the Pacific, North-Central, Gulf of Mexico and Yucatan Peninsula. 
However, the states in the southeast, namely Yucatan, Tabasco, Campeche and 
Quintana Roo, contribute the most to production, with 39, 30, 8 and 6%, respec-
tively. Even with Chiapas contributing 3%, the southeastern states remain the top 
producers [1, 2]. The cultivation of habanero chili in controlled environments has 
led to an increase in the use of different substrates such as tezontle, perlite, sand, 
rock wool, coconut fibers, tepetzil or tepojal, peat, vermiculite and pumacite. The 
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issue occurs when these components are hard to reach because of their distance, 
availability, or cost, so it is crucial to find substitutes that are nearby and make use 
of waste or by-products that can serve the same purpose as a commercial base [3, 4]. 
Several advanced and industrialized nations, such as the United States, the United 
Kingdom, Spain, Japan and the Netherlands, have seen a rise in the utilization of 
soilless indoor farming through hydroponic systems. This is performed in return for 
soil, inorganic materials, or utilizing organic waste to boost vegetable production and 
address the challenges presented by climate change [5]. Hydroponic is changing the 
way agricultural crops are grown globally because of its low environmental impact, 
enhanced pest management and increased crop output. Alternatively, hydroponics, 
known as soilless agriculture, is seen to mitigate soil-based agriculture’s susceptibility 
to environmental changes [6]. Additionally, there is a growing need for food produc-
tion in city settings where there is not much land available for sustainable agriculture, 
particularly in reducing the carbon emissions from food supply and transportation 
[7, 8]. Hydroponic nutrient solutions help minimize water and nutrient waste by 
collecting and recycling drainage, typically utilizing just 5% of the water required in 
traditional agriculture for the same level of production [8]. This raises the possibil-
ity of using charcoal residues as biochar to replace various substrates. Although the 
use of charcoal in agriculture as a soil amendment or soil improver has been known 
for thousands of years [9–11], its use as a substrate or soilless growing medium is 
relatively recent and there has been little focus on charcoal as a substrate or biochar 
in soilless crops [12, 13]. Fortunately, more information is now available on the 
subject and there is even a compilation of research on the use of charcoal and other 
raw materials as biochar in agriculture and as a medium for crops or substrates [14]. 
Biochar can be used as a substrate to partially replace the commercial substrates used 
today; However, the characterization of these materials is a practice that has not been 
given the importance it deserves, since it plays an essential role in the agronomic man-
agement of crops [15–18], allows knowing their characteristics and identifying which 
substrates can be more optimal according to the requirements of the crop in question. 
The most important quality of hydroponics is that it does not need the soil at any 
stage of the plant’s development, neither as a support or as a source of nutrients, since 
the water contains dissolved nutrients from which the plant absorbs them directly, 
achieving greater efficiency in the regulation of nutrition and fertilizer use [4]. The 
objective of this work is to learn about the cultivation of habanero peppers under the 
hydroponic system and as substrate biochar and tepetzil (v/v) to better understand 
the possible effects on Capsicum sp.

2. �Habanero chili (C. chinense)

In Mexico, the species within the genus Capsicum are referred to as “chili, a 
word that comes from the Nahuatl word chili (Figure 1) [19, 20]. This genus has 
about 38 species, of which 12 (including varieties) are used by man; only five spe-
cies have been domesticated and cultivated (Capsicum annuum L., C. chinense Jacq., 
C. pubescens L., C. frutescens L. and C. baccatum L.), the rest are wild and semi-
cultivated species [21, 22].

Nowadays, the cultivation of habanero peppers is considered a traditional crop in 
southeastern Mexico, forming part of the regional gastronomy, representing a great 
opportunity for producers due to the high demand for habanero marketed both as 
fresh fruit and for the preparation of sauces, pastes and dehydrated products, which 
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are used to accompany our food [23–25]. In addition, the Yucatan Peninsula area 
(Yucatan, Quintana Roo and Campeche) has had the Denomination of Origin for 
habanero peppers since 2010 [26]. According to the Ministry of Economy [26], it 
covers the finished product or products, including their characteristics, components, 
form of extraction and production or elaboration processes (Figure 2). However, this 
does not minimize the importance that the state of Tabasco represents with respect 
to the production of habanero peppers. At the national level, habanero peppers are 

Figure 1. 
“Chile habanero” habanero chili in hydroponic system with protected structure.

Figure 2. 
Habanero chili on carbon substrate in hydroponic system.
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Figure 3. 
Substrate with (a) charcoal 100%, (b) tepetzil 100% and (c) charcoal 50 and tepetzil 50%, respectively, in the 
production of habanero chili for a hydroponic system.

mainly produced in four regions of the country: the Pacific, north-central, Gulf 
of Mexico and Yucatan Peninsula; however, the states located in the southeast of 
Mexico are the ones that have the largest share with respect to production, which 
are Yucatan, Tabasco, Campeche and Quintana Roo, which contribute 39, 30, 8 and 
6%, respectively [6, 27]. Of the three varieties of habanero peppers for the tropics 
of Mexico (Uxmal, Jaguar, Mayapán and Calakmul), it is known that the varieties 
Mayapán and Calakmul adapt well in the state of Tabasco [28, 29], in addition, that 
there are studies where Longoria [30] and Orange [31] varieties have been used in the 
Tabasco region.

3. �Biochar and tepetzil

Biochar is a fuel resulting from the combustion at high temperatures and without 
oxygen (or very low concentrations) of wood for a certain time, where it undergoes 
a decomposition of lignin, cellulose, hemicellulose and loss of extractables, causing 
it to be a solid, fragile and porous material [32, 33]. This process is called pyrolysis, 
where to obtain charcoal, temperatures of 300–700°C can be handled according 
to the different processes for obtaining it: torrefaction, traditional slow pyrolysis, 
modern slow pyrolysis, fast pyrolysis, gasification or hydrothermal carbonization [34, 
35], the parameters that intervene in the properties of charcoal are: (1) the type of 
organic matter used; (2) the carbonization environment (temperature and aeration) 
and (3) the additions during the carbonization process (Figure 3). Biochar made 
from agricultural waste is an alternative substrate for hydroponic production. The 
literature suggests that there is better absorption of several nutrients in the presence 
of biochar; However, the results seem to be dependent on the physical and structural 
characteristics of the carbons, so it is not possible to generalize the results [35]. As it is 
a recalcitrant form of carbon, it acts as a long-term reservoir of this element, delaying 
its return to the atmosphere as CO2, a situation that contributes to mitigating climate 
change. An additional benefit is that the raw material for its production comes from 
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organic waste, which often causes environmental pollution problems [36]. Nowadays, 
charcoal has several uses, highlighting its use as energy, caloric, for composting, in 
artistic and food areas [37], in addition to its use as a pigment in the food industry, in 
steel production, to purify water and in the medical industry. Its use is increasingly 
expanding to diverse areas or industries; one of these areas is agriculture, both in 
conventional agriculture as a soil improver or restorer, amendments and/or fertilizer 
[38], as in soilless crop production where it has been tested as a substrate in hydro-
ponic systems [9, 39, 40]. Accordingly, when charcoal is used in agriculture, it is often 
referred to as biochar; however, this term does not refer only to charcoal. According to 
the International Biochar Initiative [41], biochar is a solid material obtained from the 
thermochemical conversion of biomass carbonization in an oxygen-limited environ-
ment, a carbonized material that has undergone a pyrolysis process with low or no 
oxygen conditions similar to charcoal. However, the difference lies in two particulari-
ties: (1) to produce biochar, a great variety of organic materials or feedstocks can be 
used [42, 43] such as plant residues, wood or tree bark [44] and biosolids [45], among 
others and (2) charcoal or any other carbonized material that is intended for agricul-
tural use is referred to as biochar [46], either for agricultural soils or as a component 
of substrate for crops; Products similar to biochar may not be called this way if their 
use is directed to the energy industry, as fuel, in filtering processes, as reducers in the 
metallurgical industry [47].

As already mentioned, in hydroponics, it is very usual to see the use of substrates 
as a growing medium, the most frequent being tezontle, perlite, sand, rock wool, 
coconut fiber, tepetzil or tepojal, peat, vermiculite and pumacite [48]. In Mexico, 
coconut dust or fiber, tezontle, perlite, pumacite, tepetzil, compost, cucumber bark 
peat, rice husks and worm humus, among other materials, are used as substrates for 
various crops [49].

Tepetzil, also known as tepojal, pumita or caltete, is an inorganic material that 
comes from volcanic foam when lava with high water content and volatile gases is 
expelled from the volcano. Its use as a substrate is because it improves drainage in soils 
and in mixture with other substrates, presents high porosity and moisture retention, 
is light and has neutral pH. However, it is a component that is not recommended for 
use on its own [50]. Furthermore, unlike tezontle, tepetzil is even more limited in 
terms of its availability; in Mexico, there are two tepetzil accumulation sites: one in 
Calimaya, State of Mexico, near Nevado de Toluca and another in Perote, Veracruz, 
near the Orizaba peak volcano [3]. The same author indicates that the long-term 
availability of tepojal is uncertain due to the great demand by manufacturers of light 
blocks for construction and mentions that the tepojal from Calimaya is of lower qual-
ity and is increasingly mixed with soil particles.

3.1 Characteristics physicochemical properties of a biochar and tepetzil

The substrate should be light, hold seedlings or cuttings firmly, retain sufficient 
moisture, be sufficiently porous to drain excess water, allow root aeration, be free 
of weeds, nematodes and diseases, be suitable for sterilization without changing 
its properties, have sufficient nutrients for initial healthy plant development, low 
salinity, adequate pH, be stable and not swell or shrink excessively or form crusts in 
the sun [51], the substrate must have a high capacity to retain readily available water, 
high aeration, low bulk density, high porosity, low salinity, high buffer capacity, low 
decomposition speed, structural stability, reproducibility and availability, low cost 
and easy handling (mixing and disinfection) [52].
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No matter what raw material is used as substrate, it is important that these have 
certain characteristics which are segmented into physical characteristics, chemi-
cal characteristics and biological characteristics (the latter in the case of organic 
materials); within the physical characteristics, we have the real and apparent density, 
granulometric distribution, porosity and aeration, water retention, permeability, pore 
size distribution, structural stability; chemical characteristics such as cation exchange 
capacity, pH, electrical conductivity, buffer capacity, nutrient content, C/N ratio; and 
biological characteristics such as microbial population, organic matter content, state 
and speed of decomposition [53, 54]. Table 1 presents some optimal values for some 
of the physical and physicochemical properties in the substrates.

Since the characteristics present in biochar (and any other biochar) are depen-
dent on the raw material and type of pyrolysis used, it is necessary to evaluate its 
characteristics and its incorporation as a hydroponic substrate to understand and 
explain the effects on the different plants produced in these soilless growing media 
[55–57]. However, the characterization of substrates is a process that has not been 
given much importance and yet plays an essential role in the agronomic management 
of crops [58].

The need to find partial or complete substitutes not only for tepetzil but also 
for any commercial substrate is important; new substrates must be found that 
are even considered by-products or residues from other industries to reduce their 

Properties Unit Optimum value

Particle size mm 0.25–2.50

Bulk density

•	 In open air container

•	 In greenhouse

g∙cm3
0.50–0.75

0.15

Real density

•	 Organic materials

•	 Mineral materials

g∙cm3
1.45
2.65

Total pore space % vol. >85

Aeration capacity % vol. 10–30

Readily available water % vol. 20–30

Reserve water % vol. 4–10

Total available water % vol. 24–40

Concentration <30

pH (pH in H2O)

•	 For cultural media

•	 For organic materials
5.5–6.5
5.2–5.5

Electrical conductivity (1:5-v:v) mS/cm 0.36–0.65

Cation exchange capacity

•	 Permanent fertigation

•	 Occasional fertigation

meq∙100 g

Nil or very low >20

Table 1. 
Optimum levels of physical and physicochemical properties of a biochar and tepetzil.
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environmental impact by not giving them a productive use, for example, due to the 
hardiness of the biochar pits in Tabasco, charcoal residue is produced that is not 
marketed due to its reduced size [59].

4. �Hydroponic

Hydroponic, from the Greek “hydro” (water) and “ponos” (labor or work), is a 
soilless crop production technique [60] that has been practiced for centuries, although 
it has been used commercially for the last 50 years and has been increasing, contribut-
ing to sustainable agriculture as a new technology [61]. It is a technique that is not 
specific to any type of vegetable, so leaf vegetables, stem vegetables, inflorescences, 
roots, pods, fruits and bulbs can be grown, thus being able to cultivate from home cul-
tivation for own consumption, to important productions for commercialization [5].

The most important quality of hydroponics is that it does not need the soil at 
any stage of plant development, neither as a support nor as a source of nutrients, 
because the water contains dissolved nutrients from which the plant will take them 
directly, achieving greater efficiency in the regulation of nutrition and fertilizer use 
[62]. The hydroponics that was worked was a drop system in this method tubes are 
used, emitters that drip the nutrient solution directly onto the roots of the plants 
with the growth, development and fruiting. It is controlled by a timer. This type of 
technique is ideal for the cultivation of plants with a specific nutrient demand, such 
as Solanaceae, Curbitaceae, Capsicum and Lactuca. The substrate, which was used 
in this work was hydroponics using a drop system, so the biocarbon and tepetzil 
substrates can be used.

The nutrient solution to be used is the Steiner solution (Table 2) [62], which, 
before its preparation, the water must be adjusted to a pH of 6.0 using sulfuric acid 
and phosphoric acid, taking phosphoric acid as a source of phosphorus in the solu-
tion. The nutrient solution was applied at 50% of its concentration during the first 
45 days of plant growth, and then the Steiner solution was supplied at 100% at the 
beginning of flowering onwards.

A drip hydroponic system was used to supply the nutrient solution (Table 3). 
There will be eight irrigations during the day, with an interval of 1 hour between 
each one, starting at 08:00 a.m. and the last one at 03:00 p.m. Each irrigation will last 
1 minute for the first 30 days and then increase to 2 min each irrigation from flower-
ing onwards. Per irrigation, 280 mL/min of the solution will be supplied on average.

Regarding micronutrients, the commercial product Haifa Micro Combi was used, 
which contains Fe 7.4%, Mn 3.7%, Zn 1.1%, Cu 0.8% and Mo 0.5%; Nutri-Boro 11%, 
was used as a source of Boron, both products were added together with the Steiner 
solution through the hydroponic system (Table 3).

Nutrient solution (meq/L)

Anions Cations

NO3- H2PO4- SO4
2− K+ Ca2+ Mg2+

12 1 7 7 9 4

Table 2. 
Anions and cations for the nutrient solution [62].
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4.1 Experimental

For the experiment, a completely randomized design was used with five treat-
ments and 10 replications for a total of 50 experimental units, where three of the five 
treatments were the volumes of biochar mixed with tepetzil, in addition to treatment 
of only biochar and the control treatment which consists of only tepetzil (Table 4).

4.2 Fruit yield

The results were subjected to an analysis of variance (ANOVA) and a comparison 
of Tukey means (P ≤ 0.05) using the statistical program Statistical Analysis System 
[63]. The total yield was obtained by adding the total weight of all the cuts per plant 
and treatment to subsequently extrapolate the yields per hectare (T ha−1).

Regarding the yield with the hydroponic system, from which a total of 15 cuttings 
were obtained, a significant difference was found between the treatments, as shown 
in Table 5; the T3 (tepetzil 50% and biochar 50%) and T4 (tepetzil 25% and biochar 
75%) treatments did not present significant differences between them, in turn, they 
were the treatments with the highest statistical yields with respect to the control 
treatment (T1), with a difference of 56.72 and 54.72 T ha−1 (T3 and T4, respectively) 
over the T1 treatment. The T2 (tepetzil 75% and biochar 25%) and T5 (biochar 100%) 
treatments are not significantly different from the T3 and T4 treatments, but neither 
from the control treatments. The yield of the C. chinense pepper grown in an NFT 

Treatments Tepetzil Biochar

%

T1 (control) 100 0

T2 75 25

T3 50 50

T4 25 75

T5 0 100

Table 4. 
Tepetzil and biochar substrate treatments and percentages.

Fertilizer Quantities

meq/L g/1000 L

Calcium nitrate 9 1060

Magnesium sulfate 4 494

Potassium sulfate 4 360

Potassium nitrate 3 303

Phosphoric acid 1 23 mL

Table 3. 
Fertilizers for the nutrient solution.
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(Nutrient Film Technique) hydroponic system without salinity restriction was 2.87 kg 
per plant, with an estimated yield of 46.1 Mg ha−1, considering the area per plant 
adopted of 0.6225 m2 [64].

5. �Conclusions

The results show that the hydroponic system using the drip technique with the 
substrate mixed with 50% biochar and tepetzil showed a higher yield, obtaining 
56.30 T ha−1. Therefore, tropical vegetables often play a very important role in the 
Mexican economy. Therefore, the implementation of hydroponics as an innovative 
alternative form of crop production helps promote environmental protection as well 
as sustainability. Hydroponics, if this technology is applied to the production of 
tropical vegetables, does not require soil directly, but a substrate, in this case, biochar 
and tepetzil with the hydroponic system, mineral nutrients dissolved in water are 
provided, which is called nutrient solution, and the nutritional needs of habanero 
chili crops are covered.
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