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Abstract

Research goal: Based on the information found in the literature on biochar, its ability to improve the quality and yield
of productions and to influence soil microflora. In this work, studies were carried out at different concentrations in pots
to assess whether the addition of this material to the growing medium can influence the growth and control of biotic
and abiotic stresses on Astrophytum myriostigma and Astrophytum capricorne.

Materials and Methods: The experiments, started in June 2020, were conducted in the greenhouses of CREA-OF in
Pescia (PT), Tuscany, Italy (43°54'N 10°41'E). The experimental groups were: i) group control, irrigated with water and
substrate previously fertilized; ii) group with biochar 5%, irrigated with water and substrate previously fertilized; iii)
group with biochar 10%, irrigated with water and substrate previously fertilized; iv) group with biochar 15%, irrigated
with water and substrate previously fertilized; On June 30, 2021, plant height and circumference, number and length of
thorns, vegetative weight, root weight, number of fruits, fruit weight, number of flowers, flower life, plants dead from
cold stress, plants dead from Rhizoctonia solani.

Results and Discussion: The test showed a significant increase in the agronomic parameters analyzed in biochar-
treated plants on Astrophytum myriostigma and Astrophytum capricorne. The test also showed an improvement in plant
quality in terms of increased number of thorns, fruits, flowers and increased resistance to cold stress and the pathogen
Rhizoctonia solani. The trial also showed that an increase in substrate biochar content of 10%-15% improved plant
growth performance compared to lower 5% contents.

Conclusions: The experimentation carried out at CREA-OF in Pescia showed how the application of biochar to the
cultivation substrate of Astrophytum myriostigma and Astrophytum capricorne can significantly improve the quality and
the resistance to biotic and abiotic stresses of the plants. As in other experiments in the literature, the application of this
soil conditioner also resulted in positive effects in the control of pathogenic fungi, particularly Rhizoctonia solani. This
effect was probably mediated by the presence of microorganisms in the biochar that, in addition to having an effect on
plant stimulation, may have a fundamental role in their biocontrol activity of substrate pathogens. Interesting results
have also been the increase in the number of thorns, flowers and fruit duration and resistance to cold stress in plants
grown with biochar.
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1. Introduction

1.1. Astrophytum: characteristics and environment

Astrophytums, from the Greek 'aster' (star) and '‘phyton’ (plant), were discovered in 1827 by Thomas Coulter who
collected a plant in the Mexican state of Hidalgo that we now call A. ornatum, but was described in 1828 by De Condolle
as Echinocactus ornatus. In 1839 Charles Lemaire gave the name A. myriostigma to a plant collected in northern Mexico.
In the same year H.G. Galeotti named Cereus collicohe, which became A. myriostigma, a plant collected in San Luis Potosi.
In 1845 also J.G. Zuccarini described as Echinocactus asterias a plant collected by Karwinsky two years earlier [1,2].

In 1851 Poselger found a species in Coahuila, which Dietrich described as Echinocactus capricornis, which later took the
name A. capricorne. Moeller, in 1927, called Echinocactus myriostigma ssp. coahuilense a plant that in 1932 Kaiser
renamed A. coahuilense. Various events led the Astrophytums to be classified as a subgenus of Echinocactus
(Schumann), then as a tribe of Echinocactaneae (Britton & Rose), and then as tribe VI of Notocacteae (Buxbaum). In
1922 Britton & Rose in their important work "The Cactaceae" finally elevated Astrophytum to the rank of a genus.
Subsequent and more detailed studies of the seeds with the scanning electron microscope, and DNA examinations,
challenged Buxbaum's thesis without, however, definitively clarifying the systematic position of the A. that currently
belong to the subfamily Cactoideae, tribe Cacteae [1,2].

Solitary plant, without sprouts, globular or columnar in shape, with a limited number of more or less prominent ribs.
Green or glaucous body with the typical presence of thin white tufts (trichomes). The stem turns dark brown with age
from the base. The tubercles are absent, while the spines, rigid or yielding, straight or twisted and intertwined, are only
present in A. capricorne and A. ornatum. The roots are fibrous, superficial and extensive, taprooted only in A. asterias
and A. caput-medusae. The flowers, funnel-shaped, diurnal, appear at the apex of the plant, they are yellow with the
presence or absence of a red throat, the anthesis lasts 2-3 days. The fruit is dry, dehiscent (opens naturally), rapidly
ripening, globular in shape and hairy. The dark brown seeds are shiny and smooth, 2-4 mm in size, germinate quickly
and are dispersed by ants. Astrophytums are distributed from southern Texas to northern and central Mexico on
calcareous, mountainous and hilly soils [3, 4, 5].

The first known hybridiser was the French abbot Béguin who crossed A. myriostigma with Echinocactus ornatus
towards the end of the 19th century and obtained very robust plants. In the course of the 20th century, several scholars
dealt with hybridisation. In 1925 O. Sadovsky experimented with numerous crosses between different species and in
1927 H. Moller discovered that crosses do not succeed between red-throated and yellow-throated species because they
evolved on different lines. From 1927 to 1971 R. Graser obtained three-ribbed specimens of A. myriostigma that could
reproduce by inheritance. In 1944 M. Megata conducted several experiments according to scientific criteria [1, 2].

1.2. Biochar use in agriculture

Biochar (charcoal) is a product obtained from pyrolysis, the thermal degradation of biomass in the absence of oxygen.
Pyrolysis can also produce gaseous and liquid biofuels. The half-life of biochar in soil is estimated at tens of thousands
of years depending on the feedstock and pyrolysis conditions. This ensures that carbon can be stored in the soil and
removed from the atmosphere. Modest additions of biochar to the soil can reduce greenhouse gas emissions from
cultivated land, lowering N20 emissions by 80% and totally reducing methane. The effects of biochar on plant growth
have a rich literature. The incorporation of biochar into the soil has led to an average increase in crop yields of 10%,
which vary according to the type of material. In particular, studies have reported that biochar added to soil increased
soybean and pea yields [6] and birch and pine shoot and root biomass [7]. Soil application of biochar resulted in an
increase in the biomass of sugi trees (Cryptomeria japonica) [8]. Furthermore, a single application of 20 t ha-1 of biochar
in Colombia resulted in a 28 to 140% increase in maize yield compared to the unmodified control in the 2nd-4th year
after application [9]. The trials also reveal a 22% increase in the proportion of N fixed by bean (Phaseolus vulgaris)
plants and an increase in biomass production and bean yield [10]. The most interesting aspect concerning biochar is
certainly its ability to significantly influence soil microbiology, as found by Lehmann et al. [11]. In this review, microbial
biomass increased in biochar-treated soils and led to significant changes in the composition of the microbial community
and enzymatic activities in the rhizosphere. Generally, an increase in the phyla Actinobacteria and Bacteriodetes was
noted. Soil amendment with biochar often results in a significant increase in symbiotic plant-mycorrhizal fungi [12]. In
addition to arbuscular mycorrhizal fungi (AM) in promoting plant growth, the effects of selected strains belonging to
the genera Pseudomonas, Bacillus and Trichoderma are known to enhance plant growth in many growing systems
[13,14,15]. However, few studies have examined the proliferation of plant growth-promoting rhizobacteria/fungus
(PGPR/F) in biochar-enriched soils [16], and especially little research has evaluated the use of biochar in pots for cactus
cultivation.
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Based on the information found in the literature on biochar, its ability to improve the quality and yield of productions
and to influence soil microflora [17]. In this work, studies were carried out at different concentrations in pots to assess
whether the addition of this material to the growing medium can influence the growth and control of biotic and abiotic
stresses on Astrophytum myriostigma and Astrophytum capricorne (Figure 1).

Figure 1 Detail of Astrophytum plants in pots in the greenhouses of CREA-OF in Pescia

2. Material and methods

2.1. Greenhouse experiment and growing conditions

The experiments, started in June 2020, were conducted in the greenhouses of CREA-OF in Pescia (PT), Tuscany, Italy
(43°54'N 10°41'E) on Astrophytum myriostigma and Astrophytum capricorne. The plants were placed in pots ¢ 12 cm;
30 plants per thesis, divided into 3 replicas of 10 plants each. Plants in the control thesis, were fertilized with a
controlled release fertilizer (3 kg m-3 Osmocote Pro®, 9-12 months with 190 g/kg N, 39 g/kg P, 83 g/kg K) mixed with
the growing medium before transplanting. The experimental groups were:

e group control (CTRL) (acid peat 40% + pumice 2-4 mm 30% + non-calcareous sand 2-4 mm 30% ), irrigated
with water and substrate previously fertilized;

e group with biochar 5% (BCH5) (acid peat 35% + biochar 5% + pumice 2-4 mm 30% + non-calcareous sand 2-
4 mm 30% ), irrigated with water and substrate previously fertilized;

e group with biochar 10% (BCH10) (acid peat 30% + biochar 10% + pumice 2-4 mm 30% + non-calcareous sand
2-4 mm 30% ), irrigated with water and substrate previously fertilized;

e group with biochar 15% (BCH15) (acid peat 25% + biochar 15% + pumice 2-4 mm 30% + non-calcareous sand
2-4 mm 30% ), irrigated with water and substrate previously fertilized;

The biochar of the company BioDea, presented characteristics of porosity and high structural stability, consisting of
screened and selected vegetable carbon, with an organic carbon content > 60% (Tablel).

The plants were watered 1 time per day, 7 days a week and grown for 12 months. The plants were irrigated with drip
irrigation. The irrigation was activated by a timer whose program was adjusted weekly according to climatic conditions
and the fraction of leaching. On June 30, 2021, plant height and circumference, number and length of thorns, vegetative
weight, root weight, number of fruits, fruit weight, number of flowers, flower life, plants dead from cold stress, plants
dead from Rhizoctonia solani.

2.2. Statistics

The experiment was carried out in a randomized complete block design. Collected data were analysed by one-way
ANOVA, using GLM univariate procedure, to assess significant (P < 0.05, 0.01 and 0.001) differences among treatments.
Mean values were then separated by LSD multiple-range test (P = 0.05). Statistics and graphics were supported by the
programs Costat (version 6.451) and Excel (Office 2010).
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Table 1 Characteristics of the biochar BioDea used in the test

Parameter Value
particle size: pass fraction < 0,5 mm 12%
<2 mm 19%
<5 mm 43%
total nitrogen (N) <0.5%
total potassium (K) 3020 mg/kg
total phosphorus (P) 0.034%
total calcium (Ca) 9920 mg/kg
total magnesium (Mg) 852 mg/kg
total sodium (Na) 291 mg/kg
carbon from carbonates (C) <0.1%
salinity 110 mS/m
pH 9.85
ashes content 5.5%s.s

3. Results and discussion

The test showed a significant increase in the agronomic parameters analyzed in biochar-treated plants on Astrophytum
myriostigma and Astrophytum capricorne. The test also showed an improvement in plant quality in terms of increased
number of thorns, fruits, flowers and increased resistance to cold stress and the pathogen Rhizoctonia solani. The trial
also showed that an increase in substrate biochar content of 10%-15% improved plant growth performance compared
to lower 5% contents.

Specifically, in (Table 2) on Astrophytum myriostigma, it is shown that treatment (BCH15) significantly improved plant
height with 15.49 cm, compared to (BCH10) with 11.17 cm, (BCH5) with 9.50 cm and (CTRL) with 9.15 cm. The use of
biochar significantly increased plant circumference, in fact the best treatment was (BCH15) with 17.29 cm, followed by
(BCH10) and (BCH5) with 16.40 and 16.01 respectively, finally the (CTRL) with 14.88 cm. It also showed an increase in
vegetative weight, 71.52 g (BCH15), 70.32 g and 69.54 g (BCH10) and (BCH5) respectively, finally 67.31 of the untreated
control (Figure 2B). The roots weight also increased with the use of biochar, in fact a weight of 45.35 g is found in
(BCH15),in (BCH10) 43.91 g, in (BCH5) 42.70 g and in the control 41.30 g (Figure 3A,3B). The test also showed that the
use of biochar in the substrate can positively influence the resistance to cold stress, in fact only in the control there was
significant mortality with 1.60 dead plants and a significant reduction in plant mortality from Rhizoctonia solani, again
only in the untreated control there was a mortality of 0.80 plants.

In (Table 3) on Astrophytum myriostigma it is shown that the use of biochar significantly increased the number of thorns
in all treatments compared to (CTRL). Treatment (BCH15) was best in terms of thorns length with 5.19 cm, followed by
(BCH10) with 4.73 cm, (BCH5) with 4.30 cm and the control with 3.42 cm. There were no significant differences between
treatments in number and weight of fruits and flower life, while treatment (BCH15) was the best in number of flowers
with 2.41, followed by (BCH10) with 1.63, (BCH5) with 1.24 and control with 1.00.

In (Table 4) on Astrophytum capricorne, it is shown that treatment (BCH15) significantly affected plant height with 17.49
cm, followed by (BCH10) with 16.21 cm, (BCH5) with 14.88 cm and control with 13.32 cm. Addition of biochar to the
growing medium also significantly increased plant circumference, the best treatment was (BCH15) with 22.33 cm,
followed by (BCH10) and (BCH5) with 20.93 and 20.84 respectively, finally the (CTRL) with 19.74 cm. There was also
an increase in vegetative weight, 95.26 g (BCH15), 93.40 g (BCH10), 92.06 g (BCH5) and finally the control with 89.69
g (Figure 2A). Roots weight also increased with the use of biochar, in fact a weight of 70.56 g was found in (BCH15), in
(BCH10) 67.95 g, in (BCH5) 65.96 g and in the control 62.90 g (Figure 3C). Even on Astrophytum capricorne, it is found
that the use of biochar affects the resistance to cold stress (Figure 5), only in the control there was a mortality of 1.21
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plants and towards Rhizoctonia solani, in (BCH5) and in (CTRL) respectively there was a mortality of 0.82 and 1.63
plants died due to the pathogen.

In (Table 5) on Astrophytum capricorne showed an increase in the number of thorns per plant, 19.41 (BCH15), 16.83
(BCH10), 14.28 (BCH5) and at last 10.22 of the control. Treatment (BCH15) showed an increase in thorns length with
5.30 cm, succeeded by (BCH10) with 4.23 cm, (BCH5) with 4.08 cm and (CTRL) with 3.47 cm (Figure 4A). On
Astrophytum capricorne, the addition of biochar to the substrate showed an increase in the number of fruits per plant
in theses (BCH15) and (BCH10) with 3.81 and 3.23, respectively, followed by (BCH5) with 2.20 and (CTRL) with 0.42
(Figure 4B). In terms of fruit weight, the (BCH15) treatment was also the best with 6.74 g, succeeded by (BCH10) with
6.05, (BCH5) with 5.76 g and (CTRL) with 5.38 g. There was also a significant increase in the number and flowers life in
all these added with biochar, (BCH15) was the best thesis for both parameters with 2.41 and 2.46 days.

Biochar is obtained through the process of thermal degradation of biomass and organic waste of various origins. Biochar
can be compared to charcoal even though their intended use is different.

The production process, type of feedstock, processing temperatures and pyrolysis time are the factors that influence
the properties of biochar, in particular pH, porosity and cation exchange capacity, volatile matter content, presence of
organic matter, ash and carbon [18]. Biochar can be made from woody biomass (pruning waste, trees) and non-woody
biomass (agricultural residues, animal waste, municipal and industrial solid waste). The usefulness of biochar is mainly
due to its ability to improve and restore degraded soils, thus considered as a soil condition improvement product. In
fact, the addition of biochar to soil can improve water retention capacity, pH increases and crop productivity [19]. As
demonstrated in this experiment, in fact, the use of 10%-15% of biochar in the cultivation substrate of Astrophytum
myriostigma and Astrophytum capricorne has determined a significant improvement in growth, root development and
flower and fruit production of the plants. Several experiments have shown how biochar can affect soil microbial
communities. The effect found on the reduction of cold and Rhizoctonia solani stresses on Astrophytum, can be surely
related to an increase of microbial colonies in the growing medium, which can influence plant resistance and vigor and
act as a biocontrol against bacterial and fungal pathogens. In addition to the aspects listed above, biochar has all the
characteristics to improve soil quality and mitigate climate change, mainly by decreasing methane and nitrogen
emissions from agricultural soils.

The use of biochar can affect microbial communities by altering organic matter content, water holding capacity, soil
acidity, bioavailability of nutrients, and potentially toxic substances. Modifying these factors can result in an increase in
soil microbial abundance and change the microbiome. All of these aspects are reflected in the activity of microorganisms,
which in turn affect soil nutrient cycling, crop productivity, and resistance to biotic and abiotic stresses [20].

Table 2 Evaluation of Biochar on agronomic characters of Astrophytum myriostigma

PH PC VW RW PCS | PRS
(cm) (cm) (8) (8) () | ()
CTRL | 915c | 14,88c | 67,31c | 41,30d | 1,60a | 0,80a

BCH5 9,50 c 16,01b | 69,54b | 42,70c | 0,20b | 0,00b
BCH10 | 11,17b | 16,40b | 70,32b | 4391b | 0,00b | 0,00b
BCH15 | 1549a | 17,29a | 71,52a | 45,35a | 0,00b | 0,00b

Groups

One-way ANOVA; n.s. - non significant; *, **, *** — significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05). Legend: (CTRL): control; (BCH5): biochar 5 %;( BCH10): biochar
10%; (BCH15): biochar 15%; PH: plant height; PC: plant circumference; VW: vegetative weight; RW: roots weight; PCS: cold stress plants dead; PRS:
Rhizoctonia solani plants dead.

Long-term use of biochar positively influences the diversity and complexity of the microbial community with significant
reflections in plant breeding. Particularly on ornamentally important Astrophytum cacti it can significantly improve
flower number and duration. Interesting aspect also with regard to pollinating insects that in this way have more time
to pollinate flowers and more availability of nutrients to get through difficult times [21]. Further experimentation will
be conducted to evaluate whether biochar in addition to resulting in improved plant quality can affect flower fragrance
and airborne volatile production. Very important aspects especially to evaluate if the microbial colonies present in this
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material that interact with the roots of plants can be somehow responsible for the communication that takes place in
the air between different plant species.

Table 3 Evaluation of Biochar on quality characters and production of Astrophytum myriostigma

NT LT FN FW FLN FLF
() | (em) | (n°) (8) (n°) | (days)
CTRL | 565b | 3,42d | 0,00a | 0,00b | 1,00c | 183b
BCH5 | 6,84a | 430c | 0,00a | 0,00b | 1,24bc | 2,24ab
BCH10 | 7,21a | 473b | 0,64a | 091ab | 1,63b | 221ab
BCH15 | 663a | 519a | 0,8la | 1,62a | 24la | 263a

ANOVA HHK HHK ns ns Hokk ns

One-way ANOVA; n.s. - non significant; *, **, *** - significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05). Legend: (CTRL): control; (BCH5): biochar 5 %;( BCH10): biochar
10%; (BCH15): biochar 15%; PH: plant height; PC: plant circumference; VW: vegetative weight; RW: roots weight; PCS: cold stress plants dead; PRS:
Rhizoctonia solani plants dead.

Groups

Table 4 Evaluation of Biochar on agronomic characters of Astrophytum capricorne

PH PC VW RW | PCS | PRS
(cm) | (cm) (8) (8) () | (n°)
CTRL | 13,32d | 19,74c | 89,69d | 6290d | 1,21a | 1,63 a

BCH5 | 14,88c | 20,84b | 92,06¢c | 6596¢c | 0,44b | 0,82Db
BCH10 | 16,21b | 20,93b | 93,40b | 67,95b | 0,00b | 0,00 c
BCH15 | 17,49a | 22,33a | 95,26a | 70,56a | 0,00b | 0,00 c

Groups

One-way ANOVA; n.s. - non significant; *, **, *** — significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05). Legend: (CTRL): control; (BCH5): biochar 5 %;( BCH10): biochar
10%; (BCH15): biochar 15%; PH: plant height; PC: plant circumference; VW: vegetative weight; RW: roots weight; PCS: cold stress plants dead; PRS:
Rhizoctonia solani plants dead.

Table 5 Evaluation of Biochar on quality characters and production of Astrophytum capricorne

NT LT FN FW FLN FLF
(°) (cm) | ) | (g) (°) (days)
CTRL | 10,22d | 347c | 042c | 538d | 1,00c | 1,28b

BCH5 | 14,28c | 4,08b | 220b | 576¢ | 1,41bc | 1,23b

BCH10 | 16,83b | 423b | 323a | 605b | 1,83b | 1,21b

BCH15 | 19,41a | 530a | 38la | 674a | 241a | 2,46a

ANOVA | ok ok ok o o

One-way ANOVA; n.s. - non significant; *, **, *** — significant at P < 0.05, 0.01 and 0.001, respectively; different letters for the same element indicate
significant differences according to Tukey’s (HSD) multiple-range test (P = 0.05). Legend: (CTRL): control; (BCH5): biochar 5 %;( BCH10): biochar
10%; (BCH15): biochar 15%; PH: plant height; PC: plant circumference; VW: vegetative weight; RW: roots weight; PCS: cold stress plants dead; PRS:
Rhizoctonia solani plants dead.

Groups
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Figure 2 - Effect of biochar on vegetative biomass and flowering of Astrophytum capricorne (A) and Astrophytum
myriostigma (B) Legend: (CTRL) control; (BCH15) biochar 15%; (BCH10) biochar 10%

Figure 3 - Effect of biochar on roots biomass of Astrophytum myriostigma (A, B) and Astrophytum capricorne (C)
Legend: (CTRL) control; (BCH15) biochar 15%; (BCH10) biochar 10%

Figure 4 - Effect of biochar on thorns (A) and fruits growth (B) of Astrophytum capricorne Legend: (CTRL) control;
(BCH15) biochar 15%
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Figure 5 - Effect of biochar on cold stress in Astrophytum capricorne
Legend: (CTRL) control; (BCH15) biochar 15%

4., Conclusion

The experimentation carried out at CREA-OF in Pescia showed how the application of biochar to the cultivation
substrate of Astrophytum myriostigma and Astrophytum capricorne can significantly improve the quality and the
resistance to biotic and abiotic stresses of the plants. As in other experiments in the literature, the application of this
soil conditioner also resulted in positive effects in the control of pathogenic fungi, particularly Rhizoctonia solani. This
effect was probably mediated by the presence of microorganisms in the biochar that, in addition to having an effect on
plant stimulation, may have a fundamental role in their biocontrol activity of substrate pathogens. Interesting results
have also been the increase in the number of thorns, flowers and fruit duration and resistance to cold stress in plants
grown with biochar. Other investigations are currently in progress to study biostimulant capacities and microbial
features present in biochar in other types of cactus, very delicate plants and sensitive to phytopathologies especially in
potted cultivations.
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