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Abstract

In this study an extract of Aschophyllum nodosum was used to improve growth and flowering in plants of Rebutia heliosa
and Sulcorebutia canigueralli. The two experimental groups in cultivation were: i) group without the use of Ascophyllum
nodosum (CTRL), irrigated with water and fertilized every two weeks; ii) group treated with 10% Ascophyllum nodosum
(AS) powder mixed with the substrate, irrigated with water and fertilized every two weeks. All plants treated with
Ascophyllum nodosum showed a significant increase in the agronomic characteristics analysed. The cacti (Rebutia heliosa
and Sulcorebutia canigueralli) grown in the algae treated substrate showed a significant increase in plant height, suckers
number, vegetative and roots weight, plant circumference, flowers number and flower time and seed germination.
Effects certainly due to an improvement in the nutritional status of the plants induced by an increase in nutrient
assimilation, which manifests itselfin increased stress tolerance. Positive effects can be found especially on plant species
that have difficulty in germinating, rooting and flowering or as in this experiment on plants that are slow to grow or
have difficulty in being grown in greenhouses and in climatic conditions different from those in which they originated.
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1. Introduction

The genus Rebutia was described by K. Schumann in 1895 as a unique species (R. minuscola), whose name was given in
honour of Pierre Rebut (1827-1898) French wine producer and cactus merchant. As for many kinds of South American
cactus it has given rise to many taxonomic discussions. Many species have been described, most of them not recognized.
Schumann in 1897-98 reduced Rebutia, in his major monograph, to a subgenus of Echinocactus. It currently includes
Sulcorebutia and Weingartia [1]. The genus belongs to the subfamily Cactoideae, tribe Trichocereae. Rebutia has
rounded areoles at the top of the nipple, with triangular scales in the flower tube and unshakable fruits. It is divided
into three sub-genres: Aylostera, spherical stem, with stamens and pistils welded to the base of the receptacle; Rebutia,
spherical stem, stamens and pistils not welded to the receptacle and Mediolobivia, cylindrical stem, with stamens and
pistils welded to the receptacle. Sulcorebutia has elongated areoles planted in the nipples, with the flower tube scales
rounded in the shape of a heart and dehiscent fruits. It has a basal flowering, with only one flower per areola and
unbranched funiculus. Rebutia is a small cactus, with a great variety of forms and spines, slow-growing, very often
caespitose, globular or briefly cylindrical with a depressed apex, green stem, with missing or little pronounced ribs, and
many spiral tubercles on whose apexes are located the areoles with small spines. The flowers are small, numerous,
diurnal, campanuliform, lasting, close at night and open the following morning, the colour may be yellow, intense red,
orange, white. The distribution goes from the east of the Andes, in little elevated zones close to the mountains of Bolivia,
up to north-west of Argentina, between the 1000 and the 4000 metres of altitude; such an environment has a strong
temperature range during the day, with strong exposure to the ultra-violet rays [2].
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Several studies have documented the potential of some commercially available substances and products to protect and
improve the growth and physiological quality of ornamental plants and fruits [3,4,5]. Very few studies have been carried
out on cacti and succulent plants. One of the most used products is the seaweed extract of Ascophyllum nodosum (L.), an
excellent promoter of plant growth and nutrition [6], which accelerates seed germination and promotes plant
settlement [7], increases the resistance of the treated plant to biotic and abiotic stresses [8] and activates the plant's
resistance mechanisms [9]. Marine algae extracts are natural compounds, rich sources of nutrients and bioactive
compounds. An expressive number of brown algae is already used in agriculture and sold as plant fertiliser [9]. Many
jobs have already been developed with algae for disease control, but few have focused on improving the quality of cacti
that are usually very slow in the growth phase.

In this study an extract of Aschophyllum nodosum was used to improve growth and flowering in plants of Rebutia heliosa
and Sulcorebutia canigueralli (Figure 1).

Figure 1 Details of Rebutia and Sulcorebutia plants

2. Material and methods

2.1. Greenhouse experiment and growing conditions

The experiments, started at the beginning of January 2019, were conducted in the greenhouses CREA-OF of Pescia (Pt),
Tuscany, Italy (43°54'N 10°41'E) on plants of Rebutia heliosa and Sulcorebutia canigueralli. The plants were placed in
pots of g 10 cm; 30 plants for each experimental thesis, divided into 3 replicas of 10 plants each. All plants were
fertirrigated with NPK 5-5-7 fertiliser (once every two weeks). The 2 experimental groups in cultivation were:

e group without the use of Ascophyllum nodosum (CTRL), irrigated with water and fertilized every two weeks;
e group treated with 10% Ascophyllum nodosum (AS) powder mixed with the substrate, irrigated with water
and fertilized every two weeks;

For the algae product, Ecoalga® was used added to the growing substrate instead of spraying it on the vegetative part.
The plants were irrigated with drip irrigation. Watering was activated by a timer whose program was adjusted weekly
according to weather conditions and leaching fraction. On December 10, 2019, the plant height, number of new suckers,
vegetative and root weight, flowers number and flowering time and plant circumference were recorded. The number of
germinated seeds and the average germination time of rebutia and sulcorebutia in the two different types of substrate
were also evaluated separately. Each experimental thesis was characterized by 5 replicas in which 50 seeds were placed
in each.

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.
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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).

3. Results

3.1. Plant growth

All plants treated with Ascophyllum nodosum showed a significant increase in the agronomic characteristics analysed.
The cacti (Rebutia heliosa and Sulcorebutia canigueralli) grown in the algae treated substrate showed a significant
increase in plant height, number of suckers, vegetative weight and roots, plant circumference, number of flowers and
flower length.

In Rebutia heliosa, (Table 1) the plant height was 7.52 cm (AS), compared to 5.67 cm (CTRL) (Figure 2A). For the number
of suckers, 5.33 (AS) compared to 0.33 of the untreated control (Figure 3A). There is a significant increase in vegetative
biomass 12.03 g (AS) compared to 8.43 g of the untreated control. The same trend can be seen for root weights 7.03 g
in (AS) compared to 4.98 g in the untreated control. The thesis with Ascophyllum nodosum showed a significant increase
in plant circumference, 7.12 cm (AS) while 6.02 cm (CTRL), flower number 7.67 (AS) while 3.83 (CTRL) and flower
duration 5.67 days while 4.50 days of the control (Figure 3B).

Even in Sulcorebutia canigueralli (Table 2), the height of the plants was 4, 87 cm (AS), compared to 3, 58 cm (CTRL). For
the number of new suckers, 2.83 (AS) compared to 0.37 in the untreated control. There was a significant increase in
vegetative biomass 3.43 g (AS) compared to 2.40 g in (CTRL) and in root biomass 3.28 g (AS) compared to 2.48 g (CTRL)
(Figure 2B).

In Sulcorebutia canigueralli in the thesis with Ascophyllum nodosum there is also a significant increase in plant
circumference 3.37 cm (AS) compared to 2.51 cm (CTRL), the number of flowers 5.00 (AS) compared to 3.68 (CTRL)
and flower duration 4.51 days (AS) compared to 3.34 days of untreated control.

Table 1 Evaluation of Ascophyllum nodosum extract on plants of Rebutia heliosa

Plant Suckers Vegetative Root Plant Flower Flowering
Groups height number weight weight circumference number time
(cm) () (8 (8 (cm) () (days)
CTRL 567" 0,33b 8,43°P 4,98 b 6,02 3,830 4,50b
AS 7,524 5,332 12,032 7,032 7,122 7,67 2 5,67 2

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)

Table 2 Evaluation of Ascophyllum nodosum extract on plants of Sulcorebutia canigueralli

Plant Suckers Vegetative Root Plant Flower Flowering
Groups height number weight weight circumference number time
(cm) (n°) (8) (8) (cm) (%) (days)
CTRL 3,580 0,370 2,400 2,400 2,510 3,68P 3,340
AS 4,87 2 2,832 3,432 3,282 3,372 5,002 4,51

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)

41



Prisa / GSC Biological and Pharmaceutical Sciences, 2020, 10(01), 039-045

An evaluation of the number of seeds and the average germination time of Rebutia heliosa and Sulcorebutia Canigueralli
in a substrate treated with Ascophyllum nodosum was also carried out.

In Rebutia heliosa (Table 3) 39,50 seeds germinated in (AS) compared to 32,67 seeds in the untreated control. While
31.67 seeds are germinated in (AS) compared to 22.83 seeds of the (CTRL) in Sulcorebutia Canigueralli.

On the other hand, a significant reduction of the average germination time in Rebutia heliosa in the thesis with
Ascophyllum, 17.83 days (AS) compared to 21.17 days of the control, was noted (Table 4). There were no significant

differences in average germination time in Sulcorebutia.

Table 3 Evaluation of the number of germinated seeds of Rebutia heliosa and Sulcorebutia canigueralli

Rebutia Sulcorebutia
Groups heliosa canigueralli
(n°) (n°)
CTRL 32,670 22,830
AS 39,502 31,672

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)

Table 4 Evaluation of average germination time on seeds of Rebutia heliosa and Sulcorebutia canigueralli

Rebutia Sulcorebutia
Groups heliosa canigueralli
(days) (days)
CTRL 21,172 24,83
AS 17,830 22,33a
ANOVA * 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)

Figure 2 Effect of Ascophyllum nodosum extract on plant height of Rebutia heliosa (A) and roots biomass of
Sulcorebutia canigueralli (B). Legend: (CTRL) control; (AS) Ascophyllum nodosum 10%
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Figure 3 Effect of Ascophyllum nodosum extract on suckers (A) and flowers number (B) of Rebutia heliosa
Legend: (CTRL) control; (AS) Ascophyllum nodosum 10%

4. Discussion

In recent years there has been a trend towards greater efficiency in the use of synthetic fertilisers and a return to the
use of algae based products to improve plant quality and the ability to use nutrients [10]. Since the fifties, the use of
algae has been supplanted by the use of commercial extracts capable of providing useful molecules to plants. The
effectiveness of algae as biostimulants depends on the composition and concentration of compounds that can improve
plant metabolism under stressful conditions. Among the hormones most commonly found in algae extracts are
cytokinins, auxins, gibberellins and abscissic acid as well as other hormone-like substances [11,12].

Experimental evidence has shown that the use of algae extracts administered to plants has positive effects on plant
growth, health and crop production caused by the presence of carbohydrates, amino acids, vitamins and hormone-like
substances in algae. The substances in the algae can stimulate plant metabolism and improve tolerance to biotic and
abiotic stress [13,14].

In this experiment on Rebutia heliosa and Sulcorebutia canigueralli the ability of algae, in particular Ascophyllum
nodosum, to significantly improve and increase plant quality, root growth, flower life and seed germination as found on
other succulent species is confirmed [15].

Effects certainly due to an improvement in the nutritional status of the plants induced by an increase in nutrient
assimilation, which manifests itself in increased stress tolerance.

The variability of the results can be determined by the heterogeneity of the raw material or by the manufacturing
processes and by the type of application that can determine a different physiological response [16].

For a better use of algae it is good to know the production conditions and the plant species on which you want to
intervene, but the application by foliar or in the growing medium can certainly improve the growth and quality of plants.
Positive effects can be found especially on plant species that have difficulty in germinating, rooting and flowering or as
in this experiment on plants that are slow to grow or have difficulty in being grown in greenhouses and in climatic
conditions different from those in which they originated.

5. Conclusion

The test has shown that the use of Ascophyllum nodosum algae can improve the growth and flowering of cacti such as
Rebutia heliosa and Sulcorebutia canigueralli, in particular by significantly increasing the height of the plants, the
vegetative and radical part, the number of flowers, the duration of flowering, the circumference of the plants. It also
highlights significant improvements in seed germination percentage and average germination time. Interesting aspects
on the use of algae as biostimulants, especially on plants that normally come from extreme environments and that
usually do not adapt well to the substrates and growing conditions of our greenhouses.
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