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Signifi cant advancements in micropropagati on meth-
ods facilitate the commercial culti vati on of avocado 
(Persea americana Mill), a remarkable tropical and 
sub-tropical fruit, highly recommended for its nutri-
ti onal value. Since high quality, true-to-type planti ng 
materials are required to promote the commercial 
producti on of avocado, this study was conducted with 
the objecti ve of investi gati ng an eff ecti ve sterilizati on 
method to control both epiphytes and endophytes 
present in nodal explants of P. americana cv. ‘Pollock’ 
to opti mize in vitro establishment measures which 
will lead to popularize its micropropagati on.  In this 
study, nodal segments of approximately 10 cm from 
soft wood stem cutti  ngs of P. americana cv ‘Pollock’ 
were used to obtain explants. The eff ects of 10%, 
20%, and 30% concentrati ons of sodium hypochlo-
rite (NaOCl) were evaluated, with exposure durati ons 
of 10 and 20 minutes, to determine their effi  cacy in 
eliminati ng epiphytes during vitro establishment. Ad-
diti onally, the nodal explants were treated with 100 
mg/L Augmenti n™ for 20 - minutes and 30 - minutes 
periods respecti vely, as a fi nal dip before culturing to 
eradicate endophytes.  The eff ects of three diff erent 
culture media, half-strength Murashige and Skoog 
(MS) medium, Woody Plant Medium (WPM), and 
Gamborg’s medium (B5) were also investi gated.  The 
highest survival rate (83%) of nodal segments was 
achieved when explants were sterilized with 20% Na-

OCl for 20 minutes, followed by a fi nal sterilizati on 
step involving a 30-minute dip in Augmenti n™, and 
subsequently cultured in WPM medium.
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Introducti on

Avocado, a leading tropical and sub-tropical fruit 
crop, is known for its nutriti onal value and economic 
infl uence. The global Gross Producti on Value of avo-
cado in 2018 was about 5.812 billion USD, making it a 
major global crop (Bhore, et al., 2021). The avocado 
plant, P. americana Mill., is a member of the Laurace-
ae family. It is one of the fi nest salad fruits, the most 
nutrient-dense of all fruits, and can provide to the 
human diet (Purseglove (1991). Avocado’s commer-
cial signifi cance, high nutriti onal value, energy, and 
monounsaturated oil content have sparked increased 
interest in its development due to global market 
demand and the need for sustainable propagati on 
techniques (Ahmed, 2002). A viable alternati ve for 
the fast multi plicati on of avocado trees with desired 
characteristi cs while retaining geneti c consistency is 
micropropagati on. In vitro cultured plants are also 
promising root stocks to consider in plant propagati on 
through graft ing (Hiti - Bandaralage, et al., 2022). The 
capability of plant ti ssues to reproduce new shoots 
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and the growth of adventi ti ous roots depend on the 
collaborati on of several endogenous and exogenous 
variables (Ahmed, 2002). With limited shoot multi -
plicati on, elongati on of current buds, and creati on of 
scaly leaves, avocado shoot regenerati on from shoot 
ti ps and nodal explants is quite challenging (Barringer 
et al., 1996). Plant growth regulators also have sti m-
ulati ng eff ects on the capability of plants to induce 
novel roots and shoot regenerati on in additi on to the 
explant source (Pospíšilová, 1999). This study was 
conducted to support sustainable producti on and ex-
pand in vitro propagati on methods for P. americana 
with the objecti ve of controlling epiphytes and endo-
phytes present in nodal explants to achieve success-
ful in vitro establishment.

Materials and Methods

Collecti on of plant materials

Healthy budded plants of P. americana cv. ‘Pollock’ 
were purchased from a reputed plant nursery for this 
study. The axillary and topmost buds were used as 
explants from approximately 10 cm in length of the 
growing shoot ti ps.

Explant surface sterilizati onThe harvested shoots 
were soaked in a tebuconazole fungicide soluti on, 
with a concentrati on of 500 µl/L, for 2 hours. Then the 
leaves of the stem cutti  ngs were removed, washed 
in tap water, and placed in a soap and fungicide (50 
µl/L) soluti on. They were then agitated at 100 rpm on 
a shaker for 1 hour. The soluti on was then decanted, 
and the explants were sterilized using three diff erent 
concentrati ons (10%, 20%, and 30%) of NaOCl (Clo-
rox TM) soluti ons for two diff erent ti me periods (10 
minutes and 20 minutes) with agitati on at 180 rpm 
on an orbital shaker.  The soluti ons were agitated in 
two steps: fi rst, each concentrati on was agitated for 
half the durati on, the soluti on was decanted, and a 
fresh soluti on of the same concentrati on was add-
ed and agitated at the same speed again for the re-
maining ti me. These sterilized explants were rinsed 
three ti mes with autoclaved disti lled water inside the 
laminar airfl ow cabinet. The damaged edges were 

trimmed, and nodes were cut into 1-2 cm segments 
with axillary buds. The explants were divided into 
two groups and dipped in a soluti on of Augmenti nTM 
(100 mg/L) for two diff erent ti me periods: 20 min-
utes and 30 minutes.

In vitro establishment

Aft er dipping in the anti bioti c soluti on, the explants 
were cultured as one nodal secti on per tube fi lled 
with 8 mL of semi-solid medium. There were three 
diff erent media types: ½ MS medium (Murashige and 
Skoog, 1962), WPM (McCown and Lloyd, 1981), and 
Gamborg B5 medium (Gamborg et al., 1968). All me-
dia were supplemented with 1 mg/L benzyl amino 
purine (BAP), 3% sugar, 6 µL/L fungicide, 2 g/L char-
coal, and solidifi ed with 4.25 g/L agar, with a pH of 
5.6-5.8. 1 mg/L BAP is commonly used in avocado 
in vitro propagati on because it opti mally promotes 
shoot multi plicati on while minimizing negati ve ef-
fects. The total number of samples for the initi al es-
tablishment experiments depended on the amount 
of material that could be taken from the mother av-
ocado plants. The medium was sterilized using the 
CSUP media sterilizati on method (Peiris et al., 2012). 
The cultures were kept in the growth room at 25±2°C 
with illuminati on provided by light-emitti  ng diode 
(LED) lights at 2000 lux for a 14/8 h (day/night) pho-
toperiod. The cultures were randomly placed using a 
completely randomized design. The investi gati on was 
conducted with 4 experiments using NaOCl (Clorox™) 
and anti bioti c (Augmenti n™) (Table 1).
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Table 1. The experiments that were conducted in the 
investi gati on

The survival rate was calculated taking both the con-
taminated and dead cultures into considerati on aft er 
3 months of explant establishment. The data were 
not stati sti cally analyzed as there was an obvious dif-
ference in the results generated.

Results and Discussion

Experiment No. 1

Sodium hypochlorite at 10% concentrati on showed 
20% survival rate in the exposure ti me of 20 minutes 
and anti bioti c exposure of 30 minutes. This is due to 
lack of strength in NaOCl which did not destroy the 
microorganisms present on the surface of nodal ti s-
sues. This may be due to woody explant nodes har-
boring spores of microorganisms which did not de-
stroy with low concentrati on of NaOCl and may have 
grown in the nutrient rich culture medium under 
conducive in vitro environment (Table 2). 

Table 2. Survival rate of the Experiment 1 to check 
the suitable Sodium hypochlorite exposure

Sodium 
Hypochlorite 

(%)

Sodium               
Hypochlorite 

exposure ti me 
(min)

Anti bioti c 
Dipping 

ti me 
(min)

Survival 
Percentage 

(%)

10 10 20 0
10 10 30 0
10 20 20 0
10 20 30 20

Experiment No. 2

In this experiment explants exposed to 20% NaOCl 
at 20 minutes ti me exposure and anti bioti c dipping 
ti me of 30 minutes gave promising results having 
83% survival rate in the WPM culture medium. In the 
same culture medium explants exposed to 20% NaO-
Cl for 20 minutes with 20 minutes exposure to anti bi-
oti c produced 20% survival rate. Explants in Gamborg 
culture medium exposed to 20% NaOCl in 20-minute 
durati on and in 30-minute anti bioti c dipping ti me 
showed 10% explant survival. The survival rate was 
counted using healthy growing cultures free from mi-
croorganisms. Though some cultures were not con-
taminated they converted to brown in color and died 
within few weeks of establishment. This was highly 
observed in ½ MS medium as well as B5 medium. It is 
suspected that there had been toxic eff ects of nutri-
ents which trigger death of explants. The WPM medi-
um has been used for woody plants in vitro culturing 
successfully as the nutrients included in the medium 
were more suitable to their in vitro establishment 
and growth (Jeyaram,et al.,2022; Song et al, 2021b).
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Table 3. Survival rate of the nodal explants exposed 
to higher concentrati on using three diff erent media 
at 20% Sodium hypochlorite

Experiment No. 3

The results showed that the nodal explants cultured 
in WPM medium aft er exposing to 30 minutes in 20% 
NaOCl and dipped in Augmenti n anti bioti c for 30 
minutes produced 50% survival. The ½ MS medium 
also showed 33% survival rate at NaoCL 30% with ex-
posure ti me 20 minutes and anti bioti c dipping ti me 
30 minutes. When sodium hypochlorite concentra-
ti on increased to 30% the survival rate diff ered, and 
WPM medium did not perform well. Also, the other 
two media used had varying results producing low 
rates of nodal explant survival (Table 4).

Table 4. Survival rate of the nodal explants exposed 
to higher concentrati on using three diff erent media 
at 30% Sodium hypochlorite.

Experiment No. 4

This experiment was conducted to confi rm the results 
obtained in experiment 2. The results also showed a 
similar trend producing 80% survival rate with 20% 
NaOCl in 20 minutes and with the fi nal dipping of 30 
minutes in anti bioti cs (Table 5).

Table 5: Survival rate of the nodal explants ex-
posed to 20% NaOCl concentrati on with 20 min-
utes exposure ti me and 30 minutes anti bioti c dip.

As for the culture medium, the woody plant medium 
was found to be the most eff ecti ve. The 4th experi-
ment was conducted only on WPM medium with the 
combinati on which gave best results. It is possible 
that higher NaOCl concentrati ons caused toxicity, 
which had a negati ve eff ect on the explants’ ability to 
survive. The results confi rmed that while NaOCl can 
eff ecti vely reduce the rate of contaminati on, explants 
are severely damaged by its greater concentrati on 
(Nhut et al., 2008). The explants were dipped in an 
anti bioti c soluti on, varying the dipping ti me (20 min 
and 30 min). There were less bacterial infected ex-
plants were found, indicati ng that the concentrati on 
of Augmenti n, 100mg/L, was suffi  cient for eff ecti ve 
sterilizati on. The dipping process eff ecti vely sterilized 
the explants due to anti bioti c penetrati on. In some 
cases, both 20-minute and 30- minute dips produced 
bacterial contaminati on, with no signifi cant benefi t 
from the extra 10 minutes. Obtaining sterile plant 
material free of contaminants like bacteria and fungi 
is challenging, especially when dealing with woody 
plant material, making it essenti al to eliminate exter-
nal contaminants (Niedz & Bausher, 2002). Woody 
plants oft en become highly contaminated with both 
endogenous and exogenous microorganisms, making 
it challenging to regulate in vitro due to their pro-
longed soil growth under ambient conditi ons (Ahmad 
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et al., 2003). The most essenti al step in setti  ng up an 
in vitro culture is to discover a safe sterilizing agent 
that can eradicate microorganisms from the explant 
ti ssue (Ahmad et al., 2003). To effi  ciently sterilize sur-
faces of the explants, the concentrati on of NaOCl is 
an essenti al element. The highest number of surviv-
ing nodal segments was found in woody plant medi-
um, followed by 1/2 MS and Gamburg’s B5 medium, 
when avocado nodes were cultured in growth me-
dia with diff ering mineral compositi ons. It would be 
believed that there would have been an enormous 
amount of research done on the mechanisms of min-
eral uptake in vitro along with mineral nutriti on, giv-
en the importance of the nutrient concentrati ons in 
the ti ssue culture media (Ahmed, 2002). 

Figure 1. The growth of nodes aft er 4 weeks of cul-
turing in diff erent culture media a)1/2 Murashige & 
Skoog b) Woody plant medium c) Gamborg’s B5

Contaminati on

In this experiment, explant contaminati on was ob-
served two days aft er the explants were cultured. 
While the explants are exposed to a sterile environ-
ment aft er being established, it is normally expect-
ed that contaminati on will lessen with ti me in the 
culture (Greenwood, 1995) (Leifert et al., 1995). The 
high humidity in the culture container and the com-
ponents in the ti ssue culture medium are two things 
that could stress out explants in an in vitro environ-
ment. The response of the nodal explants in this 
study revealed that endogenous contaminants were 
sti ll present in the ti ssues (Leifert, 1995). Explants 
grown on diff erent media with diff erent sterilizati on 
treatments showed varying contaminati on respons-
es. Gamburg’s medium media was more contaminat-
ed, and avocado explants cultured with 10% and 30% 

NaOCl soluti ons had less survival than those with 
20% NaOCl soluti on.

Eff ects of acti vated charcoal in the medium

Acti vated charcoal is used in avocado in vitro cultures 
for several reasons. It helps maintain the physiolog-
ical and aestheti c qualiti es of avocado ti ssues by ad-
sorbing phenolic compounds that can cause brown-
ing. It also neutralizes chemical contaminants in the 
culture media, including microbial byproducts and 
inhibitory complexes, creati ng a hygienic and opti mal 
growth environment. Acti vated charcoal also infl u-
ences the balance of plant hormones in the culture 
media, absorbing excess or inhibitory quanti ti es of 
phytohormones. It can also reduce hazardous com-
pounds in the explants or culture medium.

Conclusions

Effi  cient and well-standard regenerati on protocol 
was successfully obtained from nodal segments of 
P. americana (Avocado) shoot ti p nodal explants cul-
tured in WPM medium implementi ng a sterilizati on 
method with 20% sodium hypochlorite in 20-minute 
exposure and 30-minute fi nal dip in Augmenti n pro-
duced 80 to 83% live growing cultures.  In vitro sur-
vival is bett er in WPM medium than in ½ MS medium 
or in Gamburg’s B5 medium for micropropagati on.

References

Ahmad, T., Hafeez-Ur-Rahman, Ahmed, C., & Laghari, 
M. (2003). Eff ect of culture media and 
growth regulators on micropropagati on 
of peach rootstock GF 677. ResearchGate. 
https://www.researchgate.net/publica-
ti on/288392978

Ahmed, M. F. (2002). Studies on the ti ssue culture 
and potenti al for the development of a ge-
neti c transformati on system for avocados 
(Persea americana Mill.). UWS Research 
Direct Website. htt p://handle.uws.edu.
au:8081/1959.7/3



17

Barringer, S. A., Mohamed-Yasseen, Y., & Splitt stoess-
er, W. E. (1996). In vitro multi plicati on and 
plantlet establishment of avocado. In Vitro 
Cellular & Developmental Biology - Plant, 
32(2), 119–121. htt ps://doi.org/10.1007/
bf02823142

Bhore, S. J., Ochoa, D. S., Houssari, A. A., Zelaya, A. L., 
Yang, R., Chen, Z., Deeya, S. S., Da Silva Sens, 
S. C., Schumann, M., Zhang, Z., & Eltantawy, 
A. E. (2021). The Avocado (Persea Americana 
Mill.): A Review and Sustainability Perspec-
ti ves. Preprints. htt ps://doi.org/10.20944/
preprints202112.0523.v1

Chern, Z. Hosokawa, C. Cherubini, M. Cline. (1993). 
Eff ects of node positi on on lateral bud out-
growth in the decapitated shoot of Ipomoea 
Nil. Ohio Journal of Science, 93(01), 11–13. 
https://www.cabidigitallibrary.org/doi/
full/10.5555/19950306024

Gamborg, O., Miller, R., & Ojima, K. (1968b). Nu-
trient requirements of suspension cul-
tures of soybean root cells. Experimental 
Cell Research, 50(1), 151–158. htt ps://doi.
org/10.1016/0014-4827(68)90403-5

Greenwood, M. S. (1995). Juvenility and maturati on 
in conifers: current concepts. Tree Physiology, 
15(7–8), 433–438. htt ps://doi.org/10.1093/
treephys/15.7-8.433

Hiti -Bandaralage, J., Hayward, A., & Mitt er, N. (2022). 
Structural disparity of avocado rootstocks 
in vitro for rooti ng and acclimati on suc-
cess. Internati onal Journal of Plant Biology, 
13(4),426–442. htt ps://doi.org/10.3390/
ijpb13040035

Jeyaram, Y., Prasannan, P., Pandian, A., & Ramasubbu, 
R. (2022). In vitro propagati on of Elaeocar-
pus gaussenii Weibel: A criti cally endangered 
tree of Southern Western Ghats. Biocatalysis 
and Agricultural Biotechnology, 44, 102475. 
htt ps://doi.org/10.1016/j.bcab.2022.102475

Leifert, C., Murphy, K. P., & Lumsden, P. J. (1995b). 
Mineral and carbohydrate nutriti on of plant 
cell and ti ssue cultures. Criti cal Reviews in 
Plant Sciences, 14(2), 83–109. htt ps://doi.
org/10.1080/07352689509701923

McCown, B.H. and Lloyd, G. (1981). Woody Plant 
Medium (WPM)-A mineral nutrient for-
mulati on for microculture for woody plant 
species. HortScience, 16, 453. htt ps://www.
scirp.org/reference/referencespapers?refer-
enceid=2070283

Murashige, T., & Skoog, F. (1962). A Revised Me-
dium for Rapid Growth and Bio Assays 
with Tobacco Tissue Cultures. Physiologia 
Plantarum, 15(3), 473–497. htt ps://doi.
org/10.1111/j.1399-3054.1962.tb08052.x

Nhut, D. T., Thi, N. N., Khiet, B. L. T., & Luan, V. Q. 
(2008b). Peptone sti mulates in vitro shoot 
and root regenerati on of avocado (Persea 
americana Mill.). Scienti a Horti culturae, 
115(2), 124–128. htt ps://doi.org/10.1016/j.
scienta.2007.08.011

Niedz, R. P., & Bausher, M. G. (2002). Control of In 
vitro contaminati on of explants from green-
house- and fi eld-grown trees. In Vitro Cellular 
& Developmental Biology - Plant, 38(5), 468–
471. htt ps://doi.org/10.1079/ivp2002316

Peiris, S.E., De Silva, E., Edussuriya, M., Att anayake, 
A., & Peiris, B. (2012b). CSUP technique: a 
low-cost sterilizati on method using sodium 
hypochlorite to replace the use of expensive 
equipment in micropropagati on. Journal of 
the Nati onal Science Foundati on of Sri Lan-
ka, 40(1), 49. htt ps://doi.org/10.4038/jnsfsr.
v40i1.4168

Pospíšilová, J. (1999). Nobel, P.S.: Physicochemi-
cal & Environmental Plant Physiology. Bi-
ologia Plantarum, 42(4), 498. htt ps://doi.
org/10.1023/a:1002660325113



18

Song, G., Chen, Q., Callow, P., Mandujano, M., Han, 
X., Cuenca, B., Bonito, G., Medina-Mora, C., 
Fulbright, D. W., & Guyer, D. E. (2021a). Effi  -
cient Micropropagati on of Chestnut Hybrids 
(Castanea spp.) Using Modifi ed Woody Plant 
Medium and Zeati n Riboside. Horti cultur-
al Plant Journal, 7(2), 174–180. htt ps://doi.
org/10.1016/j.hpj.2020.09.006


