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Abstract

This work aimed to evaluate the effect of different rooting enhancers on the development of Bougainvillea cuttings
(Bougainvillea spetabilis Willd), aiming to accelerate rhizogenesis for seedling production. Semi-hardwood cuttings
standardized in fifteen centimeters in length and diameter of approximately one centimeter were used. After collected,
one third of the basal part of cuttings was immersed according to the following treatments: water (control); commercial
product (RADIMAXi 20® at concentrations: Ca 25.6%, S 1.8%, Zn 2.5%, Co 1.5%); coconut water (Cocos nucifera L.); Tiririca
extract (Cyperus rotundus L.) and Lentil extract (Lensculinaris Medik), for about two seconds. After immersion, cuttings
were planted in polyethylene bags filled with 50% of Carolina Soil® commercial substrate and 50% of washed sand, packed
under screen (50%) with a micro sprinkler irrigation system. The experimental design used was completely randomized,
with five treatments and ten replicates. Results were submitted to analysis of variance and the means of treatments to
Student's t test at 5% probability. Evaluations were carried out at 45 days after installation and variables analyzed were:
number of sprouts per cutting, length of the largest sprout, percentage of rooted cuttings and non-rooted live cuttings,
length of the largest root, fresh and dry matter of roots, fresh and dry matter of shoots. Treatments that showed statistical
difference were lentil extract, with the highest number of sprouts and the highest percentage of rooted cuttings and non-
rooted live cuttings, and treatment with coconut water obtained the highest result in relation to variable length of the
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ABSTRACT

This work aimed to evaluate the effect of different rooting enhancers on the development of Bougainvillea
cuttings (Bougainvillea spetabilis Willd), aiming to accelerate rhizogenesis for seedling production. Semi-
hardwood cuttings standardized in fifteen centimeters in length and diameter of approximately one
centimeter were used. After collected, one third of the basal part of cuttings was immersed according to
the following treatments: water (control); commercial product (RADIMAXi 20® at concentrations: Ca
25.6%, S 1.8%, Zn 2.5%, Co 1.5%); coconut water (Cocos nucifera L.); Tiririca extract (Cyperus rotundus L.)
and Lentil extract (Lensculinaris Medik), for about two seconds. After immersion, cuttings were planted in
polyethylene bags filled with 50% of Carolina Soil® commercial substrate and 50% of washed sand, packed
under screen (50%) with a micro sprinkler irrigation system. The experimental design used was completely
randomized, with five treatments and ten replicates. Results were submitted to analysis of variance and
the means of treatments to Student's t test at 5% probability. Evaluations were carried out at 45 days
after installation and variables analyzed were: number of sprouts per cutting, length of the largest sprout,
percentage of rooted cuttings and non-rooted live cuttings, length of the largest root, fresh and dry matter
of roots, fresh and dry matter of shoots. Treatments that showed statistical difference were lentil extract,
with the highest number of sprouts and the highest percentage of rooted cuttings and non-rooted live
cuttings, and treatment with coconut water obtained the highest result in relation to variable length of
the largest sprout, standing out as a promising sustainable alternative in the vegetative production of
Bougainvillea seedlings.
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1. INTRODUCTION

Floriculture is an important economic activity in agribusiness due to social, cultural and ecological
function [1]. In the last five years, the ornamental plants segment has grown significantly, as this segment
of horticulture is no longer seen only as an aesthetic issue, but also as a synonym for well-being and quality
of life [2].

In Brazil, among the species of ornamental plants, Bougainvillea (Bougainvillea spectabilis Willd),
belonging to the Nyctaginaceae family, also known as trés-marias, ceboleiro, santa-rita, espinho-de-santa
rita, is a popular ornamental plant grown in many parts of the world in tropical and subtropical gardens for

International Educative Research Foundation and Publisher © 2020 pg. 146


http://www.ijier.net/

International Journal for Innovation Education and Research www.ijier.net Vol:-8 No-06, 2020

its colorful bracts of red, pink, yellow and white flowers [3] [4]. In addition, its leaf extract has shown
medicinal properties of anti-inflammatory [5] and hypoglycemic activity in diabetic rats [6].

Bougainvillea is considered a rustic plant with low demand for cultural treatments; it is a climbing
plant with trunk protected by strong thorns that branch every year, growing in a disorderly manner, reaching
up to 9 min height [7].

The production of seedlings of this species can be made using propagating methods [8], and cutting is
the most used technique for commercial production [9] [10]. However, the species has low rooting rates
[11] [12] [13].

The difficult rooting of some species can be explained by the fact that cuttings do not have sufficient
reserves of rooting cofactors required for this process [14]. For this reason, developing propagation
techniques and improving them aiming at the production of better quality seedlings and greater uniformity
are of great importance to make commercial cultivation feasible [10]. In this sense, non-conventional and
natural rooting-inducing plant regulators are promising options for the production of seedlings in a
sustainable and economic way.

Thus, the aim of this study was to evaluate the effect of synthetic and natural rooting enhancers on
Bougainvillea cuttings (Bougainvillea spectabilis Willd.), searching for alternatives for the production of
healthy and quality seedlings.

2. MATERIAL AND METHODS

The experiment was carried out in an agricultural greenhouse of Pad & Fan type, belonging to the
Faculty of Agricultural and Technological Sciences - FCAT / UNESP, located in the municipality of
Dracena / SP, whose geographical coordinates are 21° 28'57 S and 51 © 31'58 "W and 421 m a.s.l.

The climate is classified as Subtropical cwa (mild, dry winters followed by very hot summers) [15]
with average annual temperature of 23.6 ° C.

Semi-hardwood Bougainvillea spectabilis Willd cuttings were collected in the winter period from
mother plant with purple colored flowers, located at Rodovia Comandante Jodo Ribeiro Barros, km 653 in
the municipality of Dracena - SP, standardized with 15.0 centimeters in length and 1.0 cm in diameter.

The experimental design used was completely randomized, with 10 replicates per treatment and 5
treatments: TO - water; T1 - Radimaxi 20® commercial product (concentrations: Ca 25.6%, S 1.8%, Zn
2.5%, Co 1.5%), diluting 3 tablets per liter of water, as indicated by the manufacturer; T2 - fresh liquid
endosperm (Cocos nucifera water); T3 — Cyperus rotundus L. extract (Tiririca); and T4 - lentil extract
(Lensculinaris Medik).

For treatment 2, coconut water extracted from fresh green coconut was used on the day the experiment
was implemented. For treatment 3, 100 g of Cyperus rotundus L. and leaves, roots and bulbs were collected,
which were washed and crushed in blender containing one liter of water. In treatment 4, 500 g of lentil
seeds were previously weighed, placed to germinate in 2 liters of water and after germination, seedlings
were ground in blender with water.

The basal third of cuttings was immersed in rooting enhancers for two seconds and placed in
polyethylene bags measuring 15 x 30 cm (diameter x length) filled with 50% Carolina Soil® commercial
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substrate and 50% washed sand, packed in greenhouse with screen (50%) with micro sprinkler irrigation
system, ten times a day at flow rate of 118 liters per hour.

Forty-five days after cutting, the following morphological analyses were performed: percentage of
non-rooted live cuttings (EVNE) and rooted cuttings (EE); number of sprouts (NB): healthy sprouts were
those larger than one centimeter; length of the largest sprout (CMB) and the largest root (CMR) (mm);
fresh (MFR) and dry matter of roots (MSR) (g); as well as fresh (MFPA) and dry matter of shoots (MSPA)
(9). For fresh matter, samples were weighed on precision scale (0.01g) and subsequently packed in paper
bags and taken to oven with forced air circulation for drying at 65 ° C for 48 hours until reaching constant
weight to obtain dry matter.

Data were analyzed using the SISVAR 5.6 software [16]. The normality hypothesis was tested by the
Shapiro-Wilk test and analysis of variance was performed by the F test (5% probability) to detect
differences among treatments. When significant difference was found for each variable, the Tukey test (5%
probability) was performed to compare means.

3. RESULTS AND DISCUSSION

TABLE 1: Number of sprouts (NB), percentage of non-rooted live cuttings (PENE), percentage of rooted
cuttings (PEE), length, in centimeters, of the largest sprout (CMB) and the largest root (CMR) and
bougainvillea cuttings with different rooting enhancers. UNESP, Dracena - SP, 2019.

SOURCES OF NB PENE (%) PEE CMB CMR
VARIATION Mean Square
Rooting « * NS
0.9343 1500.00* 1000.00 1564.2554* 719.0144
enhancers
CV (%) 39.00 23.57 35.36 42 93 52.74
Rooting
Means
enhancers
Water 2.10B 60.00+18.71 B! 60.00+18.71B* 58.92+11.04 AB 55.85+15.57
RADIMAXi 20 3.50 AB 100.00+0.00 A 90.00+10.00A  57.96+6.52 AB 60.28+10.11
Coconut water 3.50 AB 90.00 £10.00 A 70.00+12.25AB 74.22+11.35 A 79.57+11.25
Tiririca 2.90 AB
100.00+0.00 A 90.00+10.00A  5452+7.71 AB 60.99+11.98
extract
Lentil extract 4.00 A 100.00+0.00 A  90.00+10.00A 38.22+4.32 B 75.78+17.01
General
3.2 90.00 80.00 56.23 67.32
average

* Significant and NS not significant by F test at 5% probability. * Means with the same capital letter in the column do not differ

by the Tukey test at 5% probability.
Table 1 shows that the vast majority of variables analyzed differed statistically from each other, and
for variable number of sprouts, it appears that it was higher for bougainvillea cuttings treated with lentil
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extract, with average of 4 sprouts per cuttings, almost double in relation to control, which had average of
2.1 shoots per cuttings, thus obtaining the lowest average in relation to the other variables analyzed.

The presence of leaves in semi-hardwood cuttings is essential for the formation of new roots, since the
production of carbohydrates by photosynthesis occurs in leaves, in addition to auxins and other substances
necessary for rooting [17].

In addition, sprouts are very important since natural auxin is produced in leaves and buds, and naturally
moves to the bottom of the plant, increasing its concentration at the base of the cut, along with sugars and
other nutritious substances. In many ornamental plants, rooting is maximized by the application of auxins
[18].

In variable percentage of non-rooted live cuttings (PENE) and percentage of rooted cuttings (EE),
cuttings treated with regulators did not show statistical difference from each other, but presented better
results in relation to control, being statistically different from it. Table 1 shows that control presented 60%
PENE and the same percentage for PEE, and treatments obtained average percentage between 90% to 100%
PENE and 70% to 90% PEE, and treatments consisting of commercial product and lentil and tiririca extracts
stood out.

The process of root formation in cuttings may be related to the growth regulator. Indole-acetic
substances (IAA), a specific plant regulator for root formation, act on apical stem growth, cell membrane
division, cell elongation and formation of adventitious roots in cuttings and other explants [19]. Works
with alternative rooting enhancers in the rooting of Spondias cuttings observed high leafing levels in
cuttings treated with lentil extract [20], presenting superior result in relation to the number of shoots when
compared to indul-butyric acid used, concluding that lentil extract resembles synthetic auxin, corroborating
data found in the present study.

Table 1 also shows statistical difference among treatments for variable length of the largest sprout
(CMB), where cuttings treated with coconut water were those that showed the highest results, with averages
of 74.22 cm.

The sprouting of vegetative propagules may be correlated with factors intrinsic to the plant material,
such as the concentration of phytohormones and carbohydrates in branches [9]. The capacity to provide
carbohydrates necessary for the growth of roots and sprouts is greater in woody or basal cuttings [21].
Therefore, these cuttings present optimal conditions in relation to the energy source used for the
maintenance of metabolic activities in the plant.

In addition, coconut water contains mineral salts, myo-inositol and cytokinin (s), as well as nucleotides
[22]. It also has micronutrients such as inorganic ions and vitamins, which play a vital role in helping the
antioxidant system of cells [23], thus being able to provide nutrients for the development of sprouts.

As for the length of the largest root, the highest values may be related to the higher endogenous
concentration of sugars and hormones [24], which may have occurred with the use of coconut water and
lentil extract, which despite not statistically differing from the other treatments, presented the highest
values.

The development of the root system is due to the accumulation of carbohydrate reserves, correlating
rooting and the survival of cuttings, because auxin requires a carbon source for the biosynthesis of nucleic
acids and proteins [25].
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TABLE 2: Fresh matter (MFPA) and dry matter (MSPA) of shoots and fresh matter (MFR) and dry matter
(MSR) of roots, in grams, of bougainvillea cuttings with different rooting enhancers. UNESP, Dracena -
SP, 20109.

SOURCES OF MFPA MSPA MFR MSSR
VARIATION Mean Square
Rooting enhancers 0.9739NS 0.0339NS 2.4958NS 0.0222NS
CV (%) 54.92 46.35 104.22 84.35
Rooting enhancers Means
Water 1.42+0.37 0.29+0.05 0.19+0.03 0.22+0.13
RADIMAXi 20 1.23+0.17 0.26+0.02 0.99+0.37 0.15+0.03
Coconut water 1.75+0.37 0.34+0.06 1.79+0.60 0.17+0.05
Tiririca extract 1.13+0.16 0.23+0.07 0.33+0.09 0.06+0.01
Lentil extract 0.89+0.09 0.18+0.02 1.01+0.22 0.19+0.05
General Average 1.26 0.26 0.93 0.15

* Significant and NS not significant by F test at 5% probability. *Means with the same capital letter in the column do not differ

by the Tukeya test 5% probability.

Regarding the average fresh matter of shoots (MFPA), fresh matter of roots (MFR), dry matter of
shoots (MSPA) and dry matter of roots (MSR) of Bougainvillea (Bougainvillea spectabilis Willd), no
statistical differences among treatments were observed, as shown in Table 2, but it was observed that
treatment with coconut water obtained the highest averages, with the exception of fresh matter of roots
(MFR), which obtained the second highest average, only behind commercial product.

The stimulatory effect of coconut water can be explained by the high levels of sugars, sugar alcohols,
lipids, amino acids, nitrogen compounds, organic acids and enzymes, which perform different functions in
plant systems due to their distinctive chemical characteristics [26]. Coconut water, as it is a natural
substance with high zeatin levels, may become a component that successfully replaces synthetic zeatin
[27]. Zeatin is the main cytokinin found in vegetables, which function is related to cell division [28].

Regarding the Cyperus rotundus L extract, even having phytohormone action, it did not present
statistical difference in any of varieties analyzed under the conditions of this experiment. Cyperus rotundus
L has high level of IBA hormone, specific for root formation, being an important hormone for rooting [29].

C. rotundus has high level of indolbutyric acid hormone (IBA), which are plant regulators responsible
for root formation [30]. In tubers, they have large amount of IAA, apparently much more than in other
herbaceous species.

However, it was found that C. rotundus tuber extract did not improve the rooting of Duranta repens
L. stem cuttings [31]. It was also found that the use of C. rotundus leaf and tuber extract does not have
significant effects on C. citriodora rhizogenesis, corroborating the results in the present study [32].
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Thus, under the conditions in which this study was carried out, an improvement in the rooting of
Bougainvillea cuttings (Bougainvillea spectabilis Willd) was observed, highlighting lentil extract and
coconut water treatments as a promising sustainable alternative in the vegetative production of
Bougainvillea seedlings.

4. REFERENCES

[1] SCHOENMAKER, K. Flower market predicts average growth of 9% in Brazil and revenues of R $ 7
billion in 2017. Informativo IBRAFLOR, 2017.

[2] MARTINS, D.; MARTINS, C.C.; SILVA JR., A.C. Weed Management andHerbicideSelectivity in
Ornamental Plants. Planta daninha, v. 37, 019216908, 2019.

[3] MEHRAJ, H.; BILLAH, A A.M.; CHANDA, T.; JAHAN, F.N. Morpho-physiological and flowering
behavior of bougainvillea cultivars. International Journal of Sustainable Crop Production, v. 9, n. 3,
2014,

[4] ABDEL-SALAM, O.M.E.; YOUNESS, E.R.; AHMED, N.A.; EL-TOUMY, S.A.; SOULEMAN,
A.M.A.; SHAFFIE, N.; ABOUELFADL, D.M. Bougainvilleaspectabilis flowers extract protects against
the rotenone-inducedtoxicity, Asian Pacific Journalof Tropical Medicine, v. 10, n. 5, p. 478-490, 2017.

[5] MANDAL, G.; CHATTERJEE, C.; CHATTERJEE, M. Evaluation of anti-inflammatory activity of
methanolic extract of leaves of Bougainvillea spectabilis in experimental animal models. Pharmacogn
Res., v, 7,n. 1, p. 18-22, 2015.

[6] CHAUHAN, P.; MAHAJAN, S.; KULSHRESTHA, A.; SHRIVASTAVA, S.; SHARMA, B,
GOSWAMY, H.M.; PRASAD, G.B. Bougainvillea spectabilis exhibits anti hyperglycemic and antioxidant
activities in experimental diabetes. J EvidBasedComplemAlternMed, v. 21, n. 3, p. 177-185, 2016.

[7] COSTA, E.M,; LOSS, A.; NASCIMENTO PEREIRA, H.P.; ALMEIDA, J.F. Rooting of Bougainville
aspectabilis Willd cuttings. with the use of indolbutyric acid. Acta Agron, v.64, n.3, p.221-226, 2015.

[8] LORENZI, H.; SOUZA, H.M. Ornamental plants in Brazil: shrubs, herbs and climbers. Nova
Odessa: Instituto Plantarum, v. 4, 2008, 1088p.

[9] HARTMANN, H.T.; KESTER, D.E.; DAVIES JUNIOR., F.T.; GENEVE, R.L. Plant Propagation:
principlesandpratices. 7. ed. New Jersey: Prentice Hall, 2002. 880p.

[10] MOSLEH, M. S.; DUHOK, S.; LAYLA, S. In vitro micropropagation of selected Bougainvillea sp.
Through callus induction. Journal of Agriculture andVeterinary. Science, v. 6, n. 6, p. 01-06, 2014.

International Educative Research Foundation and Publisher © 2020 pg. 151


http://www.ijier.net/

International Journal for Innovation Education and Research www.ijier.net Vol:-8 No-06, 2020

[11] SINGH, K. K.; RAWAT, J. M.; TOMAR, Y. K. Influence of IBA on rooting potential of torchglory
Bougainvillea glabraduringw inter season. J. Hort. Sci. Ornam. Plants, v. 3, n. 2, p.162 — 165, 2011.

[12] CERVENY, C. B.; GIBSON, J. L. Influence of indolebutyric acid potassium salt on propagation of
semi-hardwood stem cuttings of bougainvillea. Hort. Sci., v. 41, n. 4, p. 983, 2006.

[13] SHAH, S.T.; ZAMIR, R.; MUHAMMAD, T.; ALI, H. Mass propagation of Bougainvillea spectabilis
through shoottip culture. Pakistan Journal of Botany, v. 38, n. 4, p. 953-959, 2006.

[14] HERRERA, T. I.; ONO, E. O.; LEAL, F. P. Efeitos de auxina e boro no enraizamento adventicio de
estacas caulinares de louro (Laurusnobilis L.). Biotemas, v. 17, n. 1, p. 65-77, 2004.

[15] KOEPPEN, W. Climatologia. México: Fondo de Cultura Econdmica, 1948. 478p.

[16] FERREIRA, D. F. SISVAR: a guide for its Bootstrap procedures in multiplecomparisons. Ciéncia e
Agrotecnologia, v. 38, n. 2, p. 109-112, 2014.

[17] AZEVEDO, C.P.M. DE, FERREIRA, P.C., SANTOS J.S., PASIN, L.A.A.P. Rooting of marsh cane
cuttings. Bragantia, v. 68, p. 909-912, 2009.

[18] ALTHAUS, M. M.; LEAL, L.; SILVEIRA, F.; ZUFFELLATO-RIBAS, K. C.; RIBAS, L.L. F.
Influence of naphthalene acetic acid and two types of substrate on rooting of yellow jasmine cuttings.
Revista Ciéncia Agrondmica, v.38, n.3, p.322-326, 2007.

[19] TAIZ, L.; ZEIGER, E. Plant physiology. 4ed. Porto Alegre: Artmed, 2013.

[20] RIBEIRO, C.; SANTOS, C.A. Technical competence and social and environmental responsibility
in agrarian sciences. Atena Editora: Ponta Grossa, PR, 2020, 61p.

[21] PACHECO, J. P. Cuttings of Luehea Divaricata Mart. (agoita-cavalo) (2007). (Masters Dissertation)
- Federal University of Santa Maria, Santa Maria. 84 p.

[22] CALDAS, L. S.; HARIDASAN, P.; FERREIRA, M. E. Nutritional means. In: Torres, A. C.; Caldas,
L. S.; BUSO, J. A. Tissue culture and plant genetic transformation. Brasilia: EMBRAPA/ CNPH. v. 1. p.
87-132, 1998.

[23] YONG, J. W.; GE, L.; NG, Y. F.; TAN, S. N. The chemical composition and biological properties of
coconut (Cocos nucifera L.) water. Molecules, v. 14, n. 12, p. 5144-5164, 2009.

International Educative Research Foundation and Publisher © 2020 pg. 152


http://www.ijier.net/

International Journal for Innovation Education and Research www.ijier.net Vol:-8 No-06, 2020

[24] ANTUNES, L. E. C. Blackberry: new cultivation option in Brazil. Ciéncia Rural, v. 32, n. 1, p. 151-
158, 2002.

[25] FACHINELLO, J. C.; HOFFMANN, A.; NACHTIGAL, J. C.; KERSTEN, E.; FORTES, G. R.
Propagation of temperate fruit plants. 2. ed. Pelotas: UFPel. 1995, 178 p.

[26] ARDITTI, J.; ERNEST, R. Micropropagation of orchids. California: A Wiley — Interscience
Publication, 1992 680 p.

[27] VILLA, F.; PASQUAL, M.; FREITAS, G. F. Optimization of a protocol for micropropagation of the
olive tree. Rev. Ceres, v.57, n.4, pp.530-534, 2010.

[28] TAIZ, L.; ZEIGER, E. Plant Physiology. 4. Ed. Porto Alegre; Artmed, 2009, 848 p.

[29] LORENZI, H.; SOUZA, H.M. Ornamental plants in Brazil: shrubs, herbs and climbers. Nova
Odessa: Instituto Plantarum, v. 4, 2008, 1088p.

[30] DIAS, J. R, SILVA, E. D.,, GONCALVES, G. S,, SILVA, J. F., SOUZA, E. F., FERREIRA, E., &
STACHIW, R. Rooting of coffee cuttings immersed in aqueous nutshell extract. Coffee science, v. 7, n. 3,
p. 259-266, 2012.

[31] FANTI, F. P. Application of extracts of leaves and tubers of Cyperus rotundus L. (Cyperaceae)
and synthetic auxins in the stem cutting of Durantarepens L. (Verbenaceae). 2008. 76 p. Dissertation
(Master in Botany) - Federal University of Parana,Curitiba, 2008.

[32] NAVARRO, L.F.F.; SILVA, M.S.; MOECKE, U.F.R. Efficiency of the organic extract of
"Cyperusrotundus as rooting in the propagation of Corymbiacitriodora™ (2017). Monograph
presented to Centro Universitario Catolico Salesiano, Lins-SP, for graduation in Agronomic Engineering,
S7p.

International Educative Research Foundation and Publisher © 2020 pg. 153


http://www.ijier.net/

