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Abstract

The use of cactus for forage may cause soil contamination by allelochemicals in order to compromise the future
planting or even reforestation of that site. The objective of this work was to evaluate the allelopathic action of
cladodes and roots of Cereus jamacaru, Pilosocereus gounellei and Tacinga inamoena on the germination and
development of Cenchrus echinatus and Calotropis procera in order to suggest actions that increase efficiency in
restoration strategies. Of the species of Cactaceae mentioned above, cladodes and roots were collected for the
preparation of the extracts in which two types of extracts were prepared for each organ, one treatment by hot
infusion and one cold treatment. Germination Percentages (GP) and Germination Speed Index (GSI) were
analyzed. In order to analyze if the extracts presented some allelopathic activity regarding the development of
the seedlings, the lengths of the stem and the radicle of the recipient species were measured. The results of this
research show that cacti don’t significantly affect GP from seeds of other plants. However, for GSI, roots and
cladodes of T. inamoena presented negative allelopathic activity for C. echinatus and C. procera, respectively. In
addition to GSI, T. inamoena negatively affected the development of C. echinatus rootlets. In this way 7.
inamoena is a forage cactus that affects the development of the initial structures of surrounding plants. Thus, the
exacerbation of this forage species in natural areas should be avoided, since the released allelochemicals can
interfere with the ecological succession of the plant species of that environment.
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1. Introduction

The family Cactaceae native to the Americas has a high species richness, around 1,400 distributed in 100 genera,
grouped in four subfamilies, Cactoideae, Opuntioideae, Pereskioideae and Maihuenioideae (Judd, Singer, &
Singer, 2009; Cavalcante & Machado, 2013; Gomes, Meiado, Quirino, & Machado, 2016). Representatives of
Cactaceae tolerate water shortage by presenting specific, morphological and physiological changes, which
ensure their survival in arid and semi-arid environments. Among the morphological changes, the parenchyma of
the aquifer type, which presents the cytoplasm of its cells mainly occupied by water, resulting in succulent
consistency (Cutter, 1986; Menezes, Taylor, & Loiola, 2013).

Therefore, cacti have a large amount of water and organic matter, being thus used by ranchers northeastern
brazilian to feed goats, sheep and cattle, especially in the dry period (Lucena et al., 2015; Nunes, Lucena, Santos,
& Albuquerque, 2015). Therefore, the farmers need to use large areas to plant the largest possible number of
cacti, since the development of these plants is slow due to their metabolism CAM (Crassulaceaec Acid
Metabolism) (Kerbauy, 2004; Taiz & Zeiger, 2017).

Among the species of cacti used in foraging, Cavalcanti and Resende (2006) in researches developed in the
Brazilian states, Pernambuco and Bahia, found that Cereus jamacaru DC and Pilosocereus gounellei
(FACWeber) Byles & Rowley are used by 46.52% and 10.51% of the agriculturalists, respectively. While
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Tacinga inamoena (K.Schum.) N.P. Taylor & Stuppy, is also widely used as forage for presenting flat cladodes
and small spines, besides easy cultivation and propagation (Lucena et al., 2015).

Exacerbated planting of plants of a single species with allelopathic potential in the same area can considerably
increase the amount of allelochemicals in that environment (Rice, 2012). These allelochemicals are derived from
secondary metabolism, which can be derived from terpenes, phenolic compounds or nitrogen compounds
(Weston & Duke, 2003; Taiz & Zeiger, 2017). Because there is an exaggerated planting of forage cacti in a
single area, they may have a negative allelopathic effect and inhibit or retard the germination of other species
(heterotoxicity) and even affect the growth of initial seedling structures (Willis, 2007).

Considering these aspects, the planting of a single species in a given environment can promote soil
contamination by allelochemicals, in order to compromise future planting or even reforestation of the site. Thus,
the present research aimed at evaluating the allelopathic action of cladodes and roots of C. jamacaru, P.
gounellei and T. inamoena on the germination and development of the monocotyledon Cenchrus echinatus L.
and the eudicotyledon Calotropis procera (Aiton) W.T. Aiton in order to suggest actions that increase the
efficiency in strategies of restoration of environments.

2. Materials and Methods
2.1 Botanical Material

The botanical material was collected in areas of Caatinga, a dry tropical forest, in the municipalities of Crato and
Quixeld, CE (-06°24' N, -39°27"' W; -6°15"" N, -39°15" W) in the Northeast of Brazil, from January to June 2017
at 9:00+30 hrs.

2.2 Preparation of Extract

For the preparation of the extracts were used 50 g of cladodes and roots of Cereus jamacaru, Pilosocereus
gounellei and Tacinga inamoena. Two types of extracts were prepared for each organ, one by hot infusion (500
mL of distilled water at 100 °C) and the other by cold infusion (500 mL of distilled water at 25 °C). After 30
minutes, each was crushed for 1 minute in an industrial blender, followed by perfex® cloth filtration. They were
finally subjected to centrifugation at 3000 rpm for 10 minutes.

2.3 Physical-Chemical Characterization

As for the physical-chemical characterization, pH (Simpla, Brazil) and osmolarity (MPa) were measured. Acid
extracts with pH less than 6.5 or alkaline pH values greater than 7.5 were adjusted with 0.1 mol/L KOH and 5%
HCI for neutral bands close to 7 whereas acid or alkali extracts could interfere in the results (Macias et al., 2000).

As for osmolarity, high osmotic levels end up causing pressures, making germination of seeds impossible. To
measure this parameter, an osmometer (Model PZL-1000) and 2500 pL of the extracts were used. The values
were obtained in mOsm/kg and converted to MPa. The values obtained were within the limits tolerated by the
seeds.

2.4 Allelopathic Activity

To verify allelopathic action bioassays were performed consisting of four treatments: cladodes extract at 100 °C
(EQC) cladodes extract at 25 °C (EFC), roots extract at 100 °C (EQR), root extract 25 °C (EFR) and a control
group for which only distilled water was used. The treatments consisted of 4 replicates with 25 seeds of C.
procera and C. echinatus totaling 100 seeds per treatment. The bioassays were mounted on Petri dishes
containing two sheets of germitest paper moistened with 3 mL of extract. The experiment was conducted in a
B.0.D (Quimis, Brazil) type germination chamber with a temperature of 25 °C and a light/dark cycle of 12 hours
for 5 days. The germinated seeds were counted every 24 hours, considering the germination of the seeds that had
a root length equal to or greater than 2 mm.

2.5 Variables Analyzed
2.5.1 Germination Percentage (GP)
To calculate the percentage of germination, the following formula was used:
GP = (N/Nt) x 100 @)
Where, N refers to the number of seeds germinated and Nt refers to the total number of seeds sown.
2.5.2 Germination Speed Index (GSI)

The Germination Speed Index (GSI) evaluates the speed of occupation of a given plant species in a given
environment (Ferreira & Borghetti, 2004). To determine the GSI, the formula of Maguire (1962) was adopted:
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GSI = (E'/N' + E¥N? + ... EYN") )
Where, E', E? and E" is the number of emerged normal seedlings computed at the first, second and last counts,
respectively, and N', N and N", is the number of days from sowing to the first, second and last count.

2.5.3 Seedling Growth

To analyze the action of the extracts on the growth of the seedlings, the lengths of the stem and radicles were
measured with the help of a millimeter ruler.

2.6 Statistical Analysis

For statistical analysis was used GraphPadPrism program 6. For testing was performed analysis of variance
(ANOVA) of a track (one way) and comparison of means by Tukey test at 5% probability.

3. Results

3.1 Physico-chemical Parameters

The extracts used in the research had slightly acidic pH (< 6.5), and the hot extract of the cladodes of P.
gounellei presented the lowest pH (4.96) and the cold extract of the roots of 7. inamoena o which presented a
higher pH (6.39). All pH values can be seen in Table 1. As for osmolarity, all extracts had low solute levels, and
the highest osmotic pressures measured were from hot and cold extracts of 7. inamoena cladodes, with a value of
-0.06 MPa. The warm extracts of the roots of C. jamacaru and P. gounellei presented the lowest osmotic
pressure with a value of -0.01 MPa (Table 1).

Table 1. pH and Osmolarity of hot and cold extracts of cladodes and roots of C. jamacaru, P. gounellei and T.
inamoena

Species Extract pH measured pH adjusted Osmolarity (MPa)
EQC 5.06 6.59 -0.04
EFC 5.18 6.98 -0.03
Cereus jamacaru
EQR 5.78 5.81 -0.01
EFR 5.89 7.21 -0.04
EQC 4.96 6.54 -0.04
EFC 5.11 7.25 -0.03
Pilosocereus gounellei
EQR 5.64 6.57 -0.01
EFR 5.62 7.30 -0.03
EQC 5.02 6.52 -0.06
. . EFC 5.08 6.74 -0.06
Tacinga inamoena
EQR 6.39 6.50 -0.04
EFR 5.95 7.49 -0.03

Note. Legend: EQC: Cladodes hot extract; EFC: Cold extract of cladodes; EQR: Hot root extract; EFR: Cold
extract from the roots.

3.2 Germination Percentage (GP)

Cladodes and roots extracts of C. jamacaru, P. gounellei and T. inamoena (donor species) did not significantly
affect the percentage of germination of C. echinatus and C. procera seeds since the results did not differ
statistically from the control group as can be observed in Figure 1. Thus, it is inferred that the allelochemicals
produced by the donor species do not interfere in the germination of the seeds of the recipient species.
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Figure 1. Germination percentage of seed of Cenchrus echinatus and Calotropis procera in touch to the extracts
of Cereus jamacaru, Pilosocereus gounellei and Tacinga inamoena. Analysis of variance (ANOVA) One-way.
Mean (+standard deviation). Ns: no statistical significance when compared to control. EQC: Cladodes hot extract;

EFC: Cold extract of cladodes; EQR: Hot root extract; EFR: Cold extract from the roots

3.3 Germination Speed Index (GSI)

The seeds of C. echinatus submitted to the cold extract of the cladodes of C. jamacaru showed an increase in
GSI, showing a positive allelopathic action, the GSI value was 11.34+2.63, and differed statistically from the
control group which was 6.55+2.17. While the cold extract of the roots of 7. inamoena presented negative
allelopathic activity presenting an index of 7.57+2.33, differing significantly from the control group, which was
15.58+2.19. However, P. gounellei extracts would not interfere with the GSI of the recipient species (Table 2).

Table 2. Germination speed index (GSI) of the seeds of Cenchrus echinatus and Calotropis procera submitted to
extracts of Cereus jamacaru, Pilosocereus gounellei and Tacinga inamoena

Extract Cenchrus echinatus Calotropis procera
C. jamacaru  P. gounellei  T. inamoena C. jamacaru  P. gounellei  T. inamoena
EQC 8.63+1.26ab 17.05€1.56a  11.43+£3.85ab 7.53+0.91a 8.15+1.07a 3.67+0.93b
EFC 11.344+2.63b 17.63£1.85a  14.05+4.09ab 5.16x£1.32b 7.56+0.96a 4.50+0.95ab
EQR 7.1242.18ab 16.98+2.05a  10.89+2.69ab 5.15+0.79b 8.29+0.76a 4.13+1.11ab
EFR 8.32+0.97ab 15.91+1.50a  7.57+2.33b 5.01£1.37b 6.58+2.94a 4.57+0.30ab
“Control (H,0) ¢ 6.55+2.17a  15.58+2.19a  15.58+2.19a 532+0.85ab  9.83x1.16a  6.35t1.62a

Note. Legend: EQC: Cladodes hot extract; EFC: Cold extract of cladodes; EQR: Hot root extract; EFR: Cold
extract from the roots. Means followed by the same column letter do not differ from each other at 5% probability,
by the Tukey test.

The GSI of the seeds of C. procera submitted to extracts of the cladodes or roots of C. jamacaru and P.
gounellei was not affected when compared to the control group. However, the hot extract of 7. inamoena
negatively affected the GSI of C. procera seeds as can be seen in Table 2.

3.4 Seedling Growth
Extracts of C. jamacaru, P. gounellei and T. inamoena did not significantly affect C. echinatus stem growth
(Figure 2). In relation to the radicle growth, a negative allelopathic effect of the seedlings submitted to the hot

extract of the roots of C. jamacaru and to the hot and cold extracts of 7. inamoena roots and cladodes were
observed in relation to the control group as can be seen in Figure 2.
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Figure 2. Growth of the stem of Cenchrus echinatus and Calotropis procera in millimeters (mm) submitted to
extracts of Cereus jamacaru, Pilosocereus gounellei and Tacinga inamoena. Analysis of variance (ANOVA)
One-way. Mean (+ standard deviation). Equal letters do not differ statistically. Legend: EQC: Cladodes hot
extract; EFC: Cold extract of cladodes; EQR: Hot root extract; EFR: Cold extract from the roots

For C. procera seedlings compared with the control group, it was found that the growth of stems of the seedlings
subjected to the extracts, the cladodes of cold and hot and cold root of P. gounellei were adversely affected.
Whereas the cold extract of 7. inamoena cladodium positively affected the growth of the host cells. Extracts of C.
Jamacaru did not interfere in the growth of said structure. These results can be seen in Figure 3.
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Figure 3. Growth of the roots of Cenchrus echinatus in millimeters (mm) submitted to extracts of Cereus
Jjamacaru, Pilosocereus gounellei and Tacinga inamoena. Analysis of variance (ANOVA) One-way. Mean (+
standard deviation). Equal letters do not differ statistically. Legend: EQC: Cladodes hot extract; EFC: Cold
extract of cladodes; EQR: Hot root extract; EFR: Cold extract from the roots

In relation to the growth of the radicle of Calotropis procera, it was observed in comparison with the control
group that the hot extract of the roots of P. gounellei negatively affected the growth of the radicles while the hot
extract of the cladodes affected in a positive way. The cold extract of the cladodes of 7. inamoena also promoted
the growth of the radicles of the recipient species, thus presenting a positive allelopathic effect. Extracts of C.
Jjamacaru did not interfere with the growth of said structure (Figure 3).

4. Discussion

C. jamacaru, P. gounellei and T. inamoena species widely used as fodder, release allelochemicals that may
interfere with the growth of seedlings surrounding these plants. In addition to negatively affecting the speed of
germination of seeds of other species, such as weeds (Cenchrus echinatus and Calotropis procera) used as
recipients in the present research, they do not interfere with the amount of germinated seeds. Corroborating well
with results obtained by Ferreira and Aquila (2000), which state that the allelopathic action is not always
manifested in the final germination percentage, but at the speed of germination or the growth of seedlings.

Davet (2005) reports the presence of alkaloids, belonging to the group of nitrogen compounds, and steroids of
the group of terpenes in the cladodes of C. jamacaru. These groups present compounds with biological activities,
among them allelopathic activity (Li, Wang, Ruan, Pan, & Jiang, 2010). Although Davet (2005) evaluated the
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effects of the extracts of cladodes of C. jamacaru on Lactuca sativa L. (lettuce) seeds, it has reported a negative
allelopathic effect on the hypocotyl and radicle growth of this species. In the present research, no significant
allelopathic effects of C. jamacaru cladodes extracts were observed. This can be justified because L. sativa seeds
are susceptible to allelochemical compounds even at low concentrations (Ferreira & Aquila, 2000), whereas the
seeds of C. echinatus and C. procera may be more tolerant to the presence of allelochemicals. It is worth to
consider that the hot extract of C. jamacaru roots promoted a negative allelopathic effect on the length of C.
echinatus, and this effect may be due to the presence and concentration of allelochemicals in the plant organ.

P. gounellei presents phenols and triterpenes in their constitution (Almeida, Silva, Amorim, Maia, &
Albuquerque 2005). In the case of phenolic compounds, some have allelopathic action such as those derived
from benzoic acid and simple phenylpropanoids, such as caffeic acid. The benzoic acid derivatives, for example
salicylic acid, cause disturbances in the membranes of the cells of other plants, which can affect the water
balance and, consequently, inhibit the growth of the seedling (Barkosky & Einhellig, 1993; Barkosky, Einhellig,
& Butler, 2000) as was observed in the growth of the cauliculo and the radicle of C. procera submitted to
extracts of P. gounellei.

These phenolic compounds are produced from the removal of an ammonia molecule from an aromatic amino
acid, phenylalanine, which then forms the cinnamic acid. This reaction is catalyzed by an enzyme called
phenylalanine ammonia lyase (PAL), and among the factors that increase the activity of this enzyme is the
incidence of light to which they act in phytochrome. In addition to this phenomenon caused by sunlight, another
phenomena of light in ultraviolet A bands (UV-A, 320-400 nm), is the activation of some phenolic compounds,
mainly furanocoumarins, leading to a high-energy electronic state (Taiz & Zeiger, 2017). According to Li et al.
(2010) and Razavi (2011), furanocoumarins have allelopathic activity in the growth of the seedlings. As the
Cactaceae of this study are native to the Caatinga, a dry tropical forest, the incidence of sunlight is high so that
the production of phenolic compounds becomes high.

There are reports in the literature regarding the chemical compounds present in the cladodes and roots of 7.
inamoena. However, its inhibitory action may be associated with the presence of phenolic compounds, as well as
P. gounellei (Almeida et al., 2005).

The root extracts of C. jamacaru and T. inamoena promoted a negative allelopathic effect on C. echinatus root
growth, while P. gounellei roots had the same effect on the roots of C. procera. This effect is caused by the roots
of the root system from its soil fixation, in which this organ interacts with other environmental conditioning
factors, such as the presence of roots of other species (Maina, Brown, & Gersani, 2002) in order to promote a
more effective establishment and avoid competition. Oliveira, Santos, Xavier, Junior, and Nascimento (2015)
evaluating the competition of the root system of C. jamacaru with another Cactaceae, Melocactus bahiensis
(Britton & Rose) Luetzelb. subsp. bahiensis, found that there was a decrease in the root system of M. bahiensis
subsp. bahiensis, evidencing that the roots of C. jamacaru interfere in the growth of another species.

5. Conclusion

Cereus jamacaru, P. gounellei and T. inamoena release into the environment allelochemicals by means of the
roots and their cladodes which can affect the growth of the surrounding seedlings. Therefore, the exacerbation of
these forage species in natural areas should be avoided, since the released allelochemicals can interfere in the
ecological succession of the plant species in the different environments.
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