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Establishment of an in vitro culture protocol of
Chuquiragua (Chuquiraga jussieui J.F. Gmel.) from apical

and axillary buds?

In this project, shoots of apical and axillary buds were induced on MS 50% medium essaying
different concentrations of BAP, IBA and BRA. Then, generated shoots were transferred to a MS
50% multiplication medium, using BAP, IBA and BRA. Subsequently, obtained shoots were
induced for rooting in MS 50% medium with IBA and BAP. The results reflected that MS 50%
medium with: BAP 2.0 mgL™* + BRA 2.0 mgL™, allows the shoot induction of apical and axillary
buds in a 92%, and also MS 50% medium with: BAP 2.0 mgL™ + BRA 5.0 mgL™* during
multiplication phase, permited to obtain more number of shoots per buds. To finish, 70% of

rooted shoots were obtained with MS 50% medium with: IBA 6.0 mgL™ BAP + 0.1 mgL™.
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ABSTRACT

The establishment of native and vulnerable plant species using in vitro culture has become a
major research objective. In this project, shoots of apical and axillary buds were induced on MS
50% medium (1962) essaying different concentrations of BAP (0.1 to 2.0 mgL™), IBA (0.0 - 0.1
mgL?) and BRA (2.0 mgL™). Then, generated shoots were transferred to a MS 50%
multiplication medium, using BAP (0.1 to 2.0 mgL™), IBA (0.0 - 0.1 mgL™) and BRA (5.0 mgL’
1). Subsequently, obtained shoots were induced for rooting in MS 50% medium in the presence of
IBA (2.0 - 6.0 mgL™) and BAP (0.0 - 0.1 mgL™). The results reflected that MS 50% medium
supplemented with: BAP 2.0 mgL™ + BRA 2.0 mgL™, allows the shoot induction of apical and
axillary buds in a 92%, and also MS 50% medium supplemented with: BAP 2.0 mgL™ + BRA
5.0 mgL™ during multiplication phase, permited to obtain more number of shoots per buds. To
finish, 70% of rooted shoots were obtained with MS 50% medium supplemented with: IBA 6.0
mgL™ + BAP 0,1 mgL™. The micropropagation of Chuquiraga jussieui is critical to conservation

efforts in Andean ecosystems due to the important ecological role that it plays.
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INTRODUCTION

Chuquiragua (Chuquiraga jussieui J. F. Gmel.) is an endemic species of the Andean
moorlands. Through the years it has been threatened by poor utilization of soils, as well as
reforestation with species that erode the land, leading to the reduction of Chuquiragua in its native
habitat. This species is locally known as Chuquirahua, Walker flower, and Andes’s flower.

Being a plant of moorland, the possibilities to regenerate and multiply plants by

conventional methods of clonal propagation are scarce due to the nutritional requirements that it
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has. The establishment of an in vitro culture protocol for Chuquiragua plant species would
increase the propagation possibilities, providing nutrients and conditions, which are necessary
during shoots induction from apical or axillary buds. This method also will benefit in
multiplication and rooting phases, respectively. Chuquiragua belongs to the family Asteraceae,
subfamily Barnadesioideae, also called an “inflorescence composed”. The Asteraceae family is
cosmopolitan, and their species inhabit vast areas in the temperate and subtropical regions.

In vitro culture of Chuquiragua is a necessary step for further studies regarding genetic
diversity and functional physiological responses of this species during the establishment of
protocols for micropropagation, also production of secondary metabolites, which are involved in
multiple medicinal uses. This study aimed to establish an in vitro culture protocol to obtain

Chuquiragua plants from apical and axillary buds.

METHODS

A. Plant samples

Chuquiragua samples were collected from Tungurahua, Ambato province (Al 3535
m.s.n.m., location: 01°16, 2325, 078°452320). The plants specimens selected were those with
better phenotypic characteristics such as greater number of buds, fungus-free plants or
microorganisms, vigor, with dense evergreen.

Phytosanitary control was performed in order to eliminate fungal contamination on the
external leaf area of plants, which involved the application of a contact fungicide (Thicarb®
SC35-15) with: 2- metoxicarbamil benzimidazole and carbamyl tetrametiltio disulfide in a

solution of 0.5% v/v for 15 days with one application every 3 days.

B. Phase I: Introduction and disinfection
Chuquiragua’s apical and axillary buds were subjected in a disinfection protocol,

which consisted in a washing with water for 30 seconds, then they are dipped in a solution of
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1% wiv of detergent with 3% of Tween-20 for 15 minutes in stirring. Immediately 3 rinses of
plant material were done using distilled water followed by different concentrations of sodium
hypochlorite and immersion times appropriated to prevent necrosis process of the explants:
hypochlorite solutions (0,5 — 1,5% v/v) with 3% of Tween-20 with immersion times (10 — 15
minutes). To finish, 3 washes of explants were done with sterile distilled water.

Apical and axillary buds were established in Murashige & Skoog (1962) 50% culture
medium, 2% sugar, pH 5.7, 0.6% agar and no growth regulators. The cultures were incubated
at 25 £ 2 °C, 40 to 60% relative humidity, 2000 to 2500 lux and photoperiod of 16 hours of
light and 8 hours of darkness.

The data were collected after 30 days. The variables tested were: no contamination
(NC) and no oxidation (NO). The experimental unit was an apical or axillary bud per bottle. A

number of 10 repetitions for each treatment was performed for the development of phase I.

C. Phase II: Induction of shoots from apical and axillary buds

Apical and axillary buds of an average size of 2 cm were selected for this phase. Buds
were disinfected through the protocol described above. After disinfection, buds were planted
in MS 50% culture medium supplemented with 6 different combinations of 6-
benzylaminopurine (BAP), indole butyric acid (IBA) and Brassinolide (BRA). Concentrations
of BAP 0.1 - 1.0 - 2.0 mgL?, IBA concentrations: 0.0 - 0.1 mgL™ and concentration BRA: 2
mgL™* were used to promote shoot formation. Data were recorded at 30 days for the following
variables: appearance of shoots (AS) and number of shoots produced (S1). The experimental
unit was an apical or axillary bud per bottle. During the phase Il, 25 replicates per treatment

were recorded.
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D. Phase Ill: Shoots multiplication

The shoots obtained in the previous phase were dissected and transferred to MS 50%
medium (1962) supplemented with 6 different combinations: BAP, IBA and BRA. BAP
concentrations 0.1 - 1.0 - 2.0 mgL™ IBA concentrations: 0.0 - 0.1 mgL® and BRA
concentration: 5.0 mgL™ were used to increase the production of shoots per explant. After 30
days trials were evaluated for the following variables: number of shoots (S2) and survival of
shoots (SS). The experimental unit was a shoot per bottle. The number of replicates were 10
per each treatment.

The environmental conditions were the same used in the previous phase.

E. Phase IV: Rooting of shoots
After incubation period shoots are stabilized, and ready to be sectioned and placed
individually in culture media with phytoregulators that promoted root development. MS 50%
medium with 4.5% sugar, pH 5.7, were used, supplemented with IBA and BAP. IBA
concentrations: 2.0 - 4.0 -6.0 mgL™, BAP concentrations: 0.0 - 0.1 mgL™. The environmental
conditions were the same as used above. Photoperiod was 12 hours light and 12 hours dark.
Data were evaluated at 30 days for the variable: presence of roots per shoot (P/S). The

experimental unit was a shoot per bottle. The number of replicates were 10 per treatment.

F. Data analysis
Analysis of variance and Duncan's multiple comparisons were performed for each

variable using InfoStat® (20111).
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RESULTS

A. Phase I: Introduction and disinfection

High levels of contamination, 70 - 80%, were observed in the samples treated with low
concentration of sodium hypochlorite (0,5% v/v), while for treatments with higher
concentrations of sodium hypochlorite (> 1.0% v/v) 40% of the samples showed
contamination. The samples treated with 1,5% v/v sodium hypochlorite showed very low
levels of contamination (<10%) (Table 1). According to Abdelnour Ana, Jean Escalant,
(1994), plant material grown under greenhouse conditions are cleaner than those kept in the
field. Apical and axillary buds that were used as plant samples for introduction were collected
from plants that were grown in controlled in greenhouse environment (Figure 1).

On the other hand, sodium hypochlorite concentrations greater than 1% demonstrated
to be quite drastic for 26.67% of explants, causing the necrosis of tissue and lacking viability
(Table 1). According to Sanchez, M., (2004), this effect can be a result of the potent oxidant
characteristic of the sodium hypochlorite. It has been shown to be effective in disinfection of
the explants by immersion for 15 minutes at 1.5% v/v concentrations. However, explants
viability could be drastically affected. In fact, at high concentrations of sodium hypochlorite
the immersion time should be lower to avoid oxidation of plant samples. Out of the three
treatments, we observed the highest level of disinfection at 1.5% v/v and 10 minutes
immersion time, as described figure 1. After sodium hypochlorite and immersion time
experiments, the third treatment was deemed to be appropriate for Chuquiragua disinfection

process. Results showed 90% absence of contamination and oxidation.
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Table 1. Percentage of uncontaminated explants (NC) and unoxidized (NO) in disinfection

treatments for apical and axillary buds of Chuquiragua (Chuquiraga jussieui) employees in Phase

Treatment Sodium hypochlorite Inmersion time | Uncontaminated Unoxidized

Concentration (% v/v) (min) (%) (%)

1 0,5 10 20 0

2 1 10 60 0

3 1,5 10 90 0

4 0,5 15 30 20

5 1 15 70 50

6 15 15 100 90

Rate 61,67 26,67

NC

0.9
0,9
0,6
0,5
0,3
0.2
0,1
0,3
0,5:1

1,0
0,7 ‘
1
1,015 1,5:15

o 1,0:10 1,810 0,515
Hypochlorite*Time

E

Figure 1. Disinfection treatments performed in Phase | for introduction of apical and axillary buds

of Chuquiragua (Chuquiraga jussieui), (A) Effect of sodium hypochlorite concentration and

immersion time, (B) Contaminated explants, (C) No contaminated explants, (D) Oxidized explant,

(E) No oxidized explant.

B. Phase II: Induction of shoots from apical and axillary buds

Concentrations of BAP 0.1 mgL™ in regards to obtaining shoots presented no

relevance in contrast to the concentration of BAP 1.0 mgL™ (treatment 2 and 5) which induces

formation of shoots, while the concentration of BAP 2.0 mgL™ in combination or not with

IBA (0.1 mgL™) induce shoot formation efficiently (treatment 3 and 6) (Figure 2).

Apparently, the offset could be caused by the presence of cytokinin hormone, hormone which
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was presence in the culture media (Table 2). According with Jordan, M. (2006), endogenous
cytokinins can induce and fix a type of expression according to physiological levels to be
present. Plant cells begin their differentiation processes under in vitro conditions in the
presence of the combination of these hormones, which justifies the responses obtained during
the induction and shoot multiplication phase, where it was reflected that in the presence of the
same concentration of BAP (2.0 mgL™) the number of shoots is approximate in both phases,
while the average difference is due to the increase of BRA concentration during multiplication
phase (Figure 5).

According to Salgado, R. (2008), BRA’s main physiological effect is to stimulate the
growth in a variety of systems; complete plant, parts of different segments and vegetative
tissues. The increased number of Chuquiragua’s shoots in multiplication phase shows that
BRA allows better elongation and development of new shoots.

Moreover, we also observed that concentrations of BAP 2.0 mgL™, IBA 0.0 mgL™ and
BRA 2.0 mgL™ are more suitable for the establishment of in vitro Chuquiragua’s plants. At
this hormone concentrations 92% of the explants produced shoots, and also 6.39 shoots per
explants were counted (Table 2).

Table 2. Percentage of appearance of shoots (AS) and number of shoots (S1) in induction

treatments for apical buds and axillary buds of Chuquiragua (Chuquiraga jussieui) employees in

Phase 1.
Treatment | 6-BAP concentration IBA concentration BRA concentration AS | BS;
(mgL™) (mgL™) (mgL™)
1 0,1 0 2 24 8
2 1 0 2 44 16
3 2 0 2 92 | 147
4 0,1 0,1 2 40 13
5 1 0,1 2 48 20
6 2 0,1 2 80 66
Rate 54,67 | 45
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Figure 2. Shoots induction treatments used in Phase 11 for apical and axillary buds of Chuquiragua
(Chuquiraga jussieui), (A) Effect of 6-BAP y IBA concentrations, (B) Apical bud with shoot, (C)
Axillary bud with shoot. (D) Absence of shoot, (E) Apical bud with 8 shoots. (F) Axillary bud

with 2 shoots.

C. Phase IlI: Shoots multiplication

The increased number of shoots per explants was prominent, and it was obtained by
concentration of BAP (2.0 mgL™) in absence of IBA and increasing concentration of BRA
(5.0 mg / L), obtaining a 7.5 average number of shoots (Table 3) in treatment 3. It was then
followed by treatment 6 with an average of 3.00 (Table 3), which refers to the concentrations
employing regulators, being 0.1 mgL™ IBA the element that appears to inhibit shoot
formation. This is mainly due to the synergism between cytokinin and auxin. According to
Cruz, M. (2004) the combination of IBA, kinetin and BAP promote formation and number of
shoots per explant at appropriate concentrations for each species, which is contrasted with this
study, because in the absence of IBA the appearance and number of shoots increased (Figure
3).

Analysis of variance revealed statistically significant differences (p- value <0,0001)

between the concentrations of 0.1 mgL™ and 0.0 mgL™ of IBA during shoots multiplications.
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This difference indicates an interaction with BAP related with the number of shoots. These
numbers could have been affected by auxin presence, because better results were founded in
the absence of IBA (Table 3).

The concentration of cytokinin (BAP) in relation to auxin (IBA) used in this study was
20 to 1, Schmdlling, T. (2004) indicates that the amount of auxin-cytokinin ratio determines
the cellular differentiation in tissue or roots formation, also suggests that the higher
concentration with respect to auxin promotes shoot formation, which is consistent with results
obtained in the induction and multiplying phase of Chuquiragua, where at concentrations of
BAP 2.0 mgL™ and 0.0 IBA mgL™ the appearance and number of shoots was stimulated
efficiently.

Analysis of variance revealed no statistically significant differences for the variable
survival, which yielded a p-value = 0.9542, which means, there are no differences between
the six treatments used during the shoot multiplication phase. Shoots survival during shoot
multiplication stage was high and not dependent on the type of treatment employed, however,
the primary source of cell death and necrosis was presented during extraction of new shoots
and cuts of apical and axillary buds (Table 3).

Furthermore, during this phase, the multiplication rate was 7.5 in the number of shoots
per explant. This value according with Roca W, Mroginski L. (1993), is an important variable
needed to be evaluated. It allows the production of shoots differences between in vitro

systems with vegetative production in field.
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Table 3. Shoots survival rate (SS) and number of buds (S2) in shoot multiplication treatments for

Chuquiragua (Chuquiraga jussieui) in Phase I11.

Treatment 6-BAP IBA concentration BRA SS (%) S,
concentration (mgL™) concentration
(mgL™) (mgL™)
1 0,1 0 5 90 14
2 1 0 5 80 15
3 2 0 5 90 75
4 0,1 0,1 5 80 14
5 1 0,1 5 90 13
6 2 0,1 5 80 30
Rate 85,71 | 26,83

55

-
L

NS
wn

o

1
0,10:0,00 1,00:0,00 2,00:0,00 0,10:0,10 1,00:0,10 200:0,10 B
CBAP*CIBA

o1:00 1000 2000 01201 1,001 2,001
CBAP-CIBA A

Figure 3. Shoot multiplication treatments for Chuquiragua (Chuquiraga jussieui), (A) Effect of
treatments on survival of shoots multiplication (SS,), (B) Effect of concentration of 6-BAP in the

number of sprouts (S;) during phase IlI.

Figure 4. (A) Countable shoots numbers present in each explant (B) Shoot multiplication medium

transplanted viable. (C) Shoot multiplication medium transplanted nonviable.
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D. Phase IV: Rooting of shoots

Treatments for the rooting phase are based on the use of indole butyric acid, which
according to Gomez, Y., Zamilpa, A. (2009), using as IBA rooting promoter could be
effective or not in combination with a cytokinin. High concentrations of others auxins, such as
a-naphthaleneacetic acid, produce the oxidation of the explant, as opposed to the use of IAA
and IBA, which decrease the oxidation of the explant. Combinations with IBA and BAP at 0.1
mgL™ showed to promote the formation of rhizogenic callus from shoots, with good root
sizes.

Analysis of variance revealed that there are statistically significant differences
(p=0.0234) between results obtained from BAP concentrations used for inducing root
formation. These results showed, that the presence or absence of this cytokinin infers in the
presence of roots in shoots. 70% of roots was obtained with treatment 6, and 30% with
treatment 3, which were in the subset B and A, respectively (Table 4).

The relationship between cytokinin/auxin was less than one (0.0167), which reflected
the largest growth of roots (treatment 6). There is a residual effect of BAP hormone used
during the induction and shoot multiplication, which usually causes an inhibitory effect on the
roots formation. This effect was evident in the treatments with concentrations of IBA below
4.0 mgL™, in which the presence of roots did not exceed 10%. The application of IBA at high
concentrations for shoot rooting induction did not generate high callus formation. According
with Pierik (1990), low concentrations of auxin are enough to generate roots. However, does
not apply in this species, because for the development of Chuquiragua’s root higher

concentrations of IBA were required in the presence or absence of BAP (Figura 4).
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Table 4. Percentage shoots rooting presence (P/S) in shoot rooting treatments for Chuquiragua

(Chuquiraga jussieui) in Phase IV.

Treatment IBA concentration (mgL™) 6-BAP concentration (mgL™) P/S (%)

1 2 0 0
2 4 0 10
3 6 0 30
4 2 0,1 10
5 4 0,1 30
6 6 0,1 70

Rate 25

RIS

200:0,00 4,00:000 6,00:0,00 2,00:0,10 4,00:0,10 6,00:0,10
CAIB*CBAP

Figure 5. Rooting induction treatments used in Phase IV for Chuquiragua shoots (Chuquiraga
jussieui), (A) Effect of IBA and 6-BAP concentrations, (B) Shoot with the presence of roots, (C)

Shoot with no roots.

DISCUSSION

From our results an adequate treatment to disinfect apical and axillary buds of Chuquiragua
is treatment 3, which consists of 1.5% v/v of sodium hypochlorite with 10 min of immersion time.
This treatment reflected the highest average in terms of the absence of contamination (0.90) and
oxidation (0.90).

Our results also showed an average of 6.39 shoots per explant and 92% of shoot formation,
suggesting that 2.0 mgL™ of 6- BAP in the absence of IBA could be an accurate concentration

during phase I1.
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Brassinolide addition in the induction step and shoot multiplication allows a rapid response
of the explants, yielding a number of shoots per explant, as well as a good size thereof.

Treatment 3: 6-BAP vs IBA (6-BAP 2.0 mgL™ - IBA 0.0 mgL™) suggests to be an
adequate combination for shoot multiplication with 7.50 average shoots per explant. The next best
combination was treatment 6: 6-BAP vs IBA (6-BAP 2.0 mgL™ - IBA 0.1 mgL™) which showed
3.0 average shoots per explant.

The best combination for shoot multiplication was treatment 3: 6-BAP vs IBA (6-BAP 2.0
mgL™ - IBA 0.0 mgL™), with an average of 7.50 shoots per explant, compared to treatment 6: 6-
BAP vs IBA (6-BAP 2.0 mgL™ - IBA 0.1 mgL™) in which was obtained an average of 3.0 shoots
per explant.

High concentration of auxin indole butyric acid (IBA) during shoot rooting phase allowed
rhizogenic callus formation, which subsequently developed roots.

The recommended combination for rooting phase was the treatment 6: IBA vs 6-BAP (IBA
6.0 mgL™ — 6-BAP 0.1 mgL™), which presented the highest average (0.70) in terms of presence of
rooting system per explant.

The present study established a protocol for in vitro culture of Chuquiraga jussieui,

allowing to obtain viable plants significantly.

LITERATURE CITED

ABDELNOUR, A. ESCALANT, J. Conceptos basicos del Cultivo de Tejidos Vegetales. 1994.
Biblioteca Orton IICA/CATIE. s/e. 1 — 15pp.

BARAKAT & ABDEL FATTAMH, In vitro culture and plant regeneration derived from ray florets
of Chrysanthemum morifolium. Department of Horticulture, Faculty of Agriculture, Gomal
University D.I. 2010. Khan — Pakistan.

CASTILLO A. Propagacion de plantas por cultivo in vitro: una biotecnologia que nos acompafa

hace mucho tiempo. Unidad de Biotecnologia, 2004. INIA, Las Brujas.



Jadan and Orquera, p. 15

CERON C, Manual de Botanica: Sistémica, etnobotanica y métodos de estudio en el Ecuador,
Universidad Central del Ecuador, Editorial Universitaria, 2005. Quito — Ecuador.

CRUZ, M. Efecto de la 6-bencilaminopurina en la proliferacion de brotes in vitro de tres
variedades de cafia de azlcar (Saccharum officinarum L.), Universidad de San Carlos de
Guatemala, facultad de agronomia, instituto de investigaciones agronémicas, 2004.
Guatemala.

CUBERO, J. Introduccion a la mejora genética vegetal. Mundi Prensa Libros. Segunda edicion.
2003. Espafia. 353 — 364pp.

EZCURRA, C. Revisién del género Chuquiraga (Compositae-Mutisieae). 1985. Darwiniana 26:
219-284.

GOMEZ, Y., ZAMILPA, A. Efecto de auxinas en la morfologia de raices in vitro de Castilleja
tenuiflora, Centro de Desarrollo de Productos Bidticos, Instituto Politécnico Nacional,
Carretera Yautepec — Jojutla Km. 8.5, San Isidro, Yautepec, Morelos, 2009. México.

HERNANDEZ, A., G. A. Establecimeitno in vitro de Bambusa vulgaris (Bambt amarillo). Insituto
Tecnoldgica de Costa Rica, 2001. Costa Rica. 24.

HODSON DE JARAMILLO, In vitro regeneration of three Chrysanthemum (Dendrathema
grandiflora) varieties “via”organogenesis and somatic embryogenesis. Departamento de
Biologia, Facultad de Ciencias, Pontificia Universidad Javeriana, Cra 7 No 40 — 62, 2008.
Bogota, Colombia.

IZCO J. Botéanica, segunda edicion, Editorial McGraw hill Interamericana, 2004. Espafia — Madrid.

JAMBHALE, N.D. JAMBHALE, S.C. PATIL, AS. JADHAV, SV. PAWAR & B.D.
WAGHMODE, Efecto de la cantidad de subcultivos en la multiplicacion in vitro de cuatro
clones de banano. Plant Tissue Culture, Laboratory, Department of Agricultural Botany,
Mahatma Phule Krishi Vidyapeeth, Rahuri 413-722, Dist. Ahmednagar, Maharashtra,

2000. India.



Jadan and Orquera, p. 16

JARAMILLO A, Micropropagacion con miras a un proceso de recuperacion poblacional de
(Polylepis microphylla) en la provincia de Chimborazo. Laboratorio de Cultivo de tejidos
Vegetales, Biotecnologia, Espe. 2008. Sangolqui, Ecuador.

JORDAN, M., C. J. Hormonas y reguladores del crecimiento: Auxinas, Giberelinas y Citoquininas.
La serena, 2006 Chile: F. A. Saqueo & L. Cardemil.

NOVO, RICARDO J. Eficiencia de fungicidas en el control de la flora fungica transportada por
semillas de zanahoria (Daucus carota L.) y su relacion con la calidad fisiologica, 2009.
Meéxico. Rev. bras. sementes vol.31 no.4 Londrina.

PEREZ, J.N. Propagacion y mejora genética de plantas por biotecnologia, Volumen 1, Instituto de
Biotecnologia de las plantas, 1998. Cuba.

PIERIK, R. Cultivo in vitro de las plantas superiores (L.M. S, Ayerbe, Trad.). 1990. Espafa:
Mundi-Prensa.

PENA C. “Establecimiento y evaluacion de protocolos de desinfeccion, introduccion y
multiplicacion in vitro de Pifién (Jatropha curcas) a partir de semillas y yemas apicales
obtenidas de plantas adultas con miras a una propagaciéon masiva de plantas élite”.
Laboratorio de Cultivo de tejidos Vegetales, Biotecnologia, Espe. 2009. Sangolqui,
Ecuador.

ROCA, W. & MROGINSKI, L. Cultivo de tejidos en la Agricultura. Fundamentos y Aplicaciones,
1993. Colombia: CIAT.

SALGADO, R. Uso de brasinoesteroides y sus analogos en la agricultura, Universidad Michoacana
de San Nicolds de Hidalgo, 2008. Michoacan, México, Laboratorio de Biotecnologia
vegetal.

SANCHEZ, M., S. J. Control de la oxidacion y ;a contaminacion en el cultivo in vitro de fresa
(Fragaria X ananassa duch.). 2004. México. UDO Agricola, 21 — 26.

SCHMULLING, T. CITOKININ. En Shmilling T., In Encyclopedia of Biological Chemistry (pag

7). 2004. Berlin: Eds. Lennarz, W., Lane, M.D.



Jadan and Orquera, p. 17

WASEEM & SALEEM. Efficient in vitro regeneration of Chrysanthemum (Chrysanthemum
morifolium L.) plantlets from nodal segments. Departamento de Biologia, Facultad de
Ciencias, Pontificia Universidad Javeriana, Cra 7 No 40 — 62, 2011. Bogota, Colombia.G.
Eason, B. Noble, and I. N. Sneddon, “On certain integrals of Lipschitz-Hankel type
involving products of Bessel functions,” Phil. Trans. Roy. Soc. London, vol. A247, pp.

529-551, April 1955. (references)



