International Journal of Scientific & Engineering Research, Volume 6, Issue 7, July-2015

ISSN 2229-5518

860

In vitro Propagation of Anacardium occidentale L.
through Embryo Culture

Sija.S.L, Potty.V.P, Santhoshlal.P.S

Abstract— An efficient and highly reproducible plant regeneration protocol has been developed from mature embryo of Anacardium
occidentale. The recalcitrant nature of cashew has contributed to the limited success records in its in vitro culture. Browning of explant in
cashew was found to be due to the oxidation of phenolic compound by polyphenolic oxidase enzyme present in the tissue when excised. In
the current study, it has been reduced through the addition of activated charcoal, fast subculture passages and dark treatment. In vitro
cultures of zygotic embryos were carried out on various media (Murashige and Skoog medium, Woody Plant medium) with different
concentrations of plant growth regulators (PGRs). Maximum percentage of embryo germination and healthy plantlet formation was
observed on WP medium containing 25mg/l 2,4-D and 10mg/l BAP compared to MS medium. In vitro developed plantlets were
successfully acclimatized and transferred to soil. In vitro mature zygotic embryo culture thus allows for the production of cashew seedlings

that can be transferred to natural orchards.

Index Terms— Anacardium occidentale, Activated charcoal (AC), In vitro zygotic embryo culture, Murashige and Skoog medium (MS),

Plant growth regulators, Woody Plant medium (WP).

1 INTRODUCTION

ASHEW is the common name for a tropical and subtropi-

cal evergreen tree, Anacardium occidentale L., which be-

longing to the family Anacardiaceae [1]. It is one of the
most important plantation crops earning huge foreign ex-
change through its kernel and cashew nut shell liquid (CNSL)
[2]. The biological activities of CNSL components have attract-
ed considerable attention in the areas of biological activities,
such as anti-tumour activity [3], molluscicidal activity [4], an-
timicrobial activity [5], antioxidant activity [6] and xanthine
oxidase inhibition [7] etc.

The application of tissue culture methods in cashew is lim-
ited by the difficulty of regenerating plants in a reproducible
manner and one of the serious problems of micropropagation
of cashew is attributed to the presence of secondary metabo-
lites [8], which are oxidized after wounding and cause subse-
quent browning and necrosis of cashew explants [9]. Cashew
nut was found difficult to propagate in vitro from mature plant
tissues (shoot apices or nodal explants) due to recalcitrant na-
ture, microbial contaminations and high phenolic exudation.
Though micropropagation in cashew has been attempted us-
ing explants of both juvenile (seedling) and mature tree origin,
successful regeneration has been achieved only in the explants
of juvenile origin [10]. In vitro technologies have seen lot of
applications in large variety of trees, mostly temperate species
[11]. An attempt to develop a micropropagation protocol for
cashew, an entire regeneration system has been accomplished
through organogenesis [12, 13].

Embryo culture is the aseptic isolation and in vitro growth

o Sija.S.L (corresponding author) is currently pursuing Doctoral degree
program in Biotechnology in the PG and research dept. of Botany & Bio-
technology, Sree Narayana College, Kollam-691 001, Kerala, India, PH-
0474-2741793. E-mail: sijasl007@gmail.com

e Dr.Potty.V.P, Principal Scientist & Head, The CEPCI Laboratory & Tech-
nical Division, Cashew Bhavan, Kollam-691 001, Kerala, India

o Dr.Santhoshlal.P.S, Associate professor, Dept. of Botany, Sree Narayana
College, Kollam-691 001, Kerala, India

of an embryo under eventual culture conditions which helps
in overcoming the post fertilization barriers of hybridization in
woody plant species [14]. Efficient plant regeneration is a pre-
requisite for an entire genetic transformation protocol in plant
species. Aiming this, the present study accomplished effective
plant regeneration using mature embryos as a source material
in A.occidentale. Even though immature inflorescence and imma-
ture embryos are best explant sources for in vitro culture in
cashew [15, 16], neverthless they are available only for a limited
period in a year. Mature embryos have always been optimal for
in vitro studies for the fact that they can be handled easily over
other explants and are accessible throughout the year [17].

2 MATERIALS AND METHODS

2.1 Plant Material

Mature cashew (A.occidentale) seeds were acquired from the
mother stock trees grown at the Kerala State cashew develop-
ment corporation, Mundakkal, Kollam, Kerala, India.

2.2 Explants Disinfection and Culture Conditions

Seeds were thoroughly washed under continuous flashing of
running tap water for 15 min, then washed with commercial
detergent Tween-20 for 3 min and finally surface sterilized
with HgCl, (0.1% w/v) for 5-10 min followed by rinsing with
autoclaved distilled water for 3-5 times to remove any trace of
mercuric chloride. After all, the seeds were soaked overnight.
The sterilized and soaked seeds were displaced to the
petriplate having the autoclaved filter papers. With the aid of
a sterile blade, the seeds were broken. Mature nuts were cut
longitudinally into two halves for to remove two sections of
cotyledonary tissue with the embryonic axes seated in the up-
per portion of the nuts.

In the laboratory, these explants were washed thoroughly
under running tap water for 20-30 minutes and then treated
with 1% Labolene (Qualigens, India) detergent for 5 minutes
to remove all debris and other contaminants. Again the mate-
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rial was washed thoroughly with tap water to remove all de-
tergent particles. More processing was done in sterile LAF
cabinet. Inside the LAF, explants surface sterilization was
done by using 70% (v/v) ethanol for 30 seconds, followed by
0.1% aqueous HgCl, solution for 3-6 minutes. After rinsing
with sterile water for 4-5 times, these explants were inoculated
to different medium with the various concentrations of acti-
vated charcoal and PVP alone as well as in combinations to
reduce the discharge of phenolic substances.

In the current study MS [18] and WP [19] were tested on
mature embryos of A.occidentale. MS and WP media supple-
mented with 2,4-D and BAP alone and with its different com-
binations were used for plantlet development. pH was adjust-
ed to 5.2 for WP medium and 5.8 for MS medium, and gelled
with 0.8% agar. The media were sterilized by autoclaving at
121°C for 15 min. For initial in vitro response, 10-15ml media
were dispensed in pre-sterilized culture tubes and plugged
with non-absorbent fresh cotton. The cultures were incubated
at 25 £ 20C under dark.

3 DATA ANALYSIS

Data were expressed as means and standard deviation (SD) of
three replicate determinations. All statistical analyses were
carried out using a SPSS (Chicago, IL) statistical software
package (SPSS for Windows, ver. 17, 2008). To determine
whether there were any differences among the means, one
way analysis (ANOVA) and the Duncans New Multiple range
test were applied to the result at 0.05 level of significance (p <
0.05).

4 RESULTS AND DISCUSSION

4.1 Percentage Survival of Embryo Explants after
Sterilizing With 0.1 % HgCl,

Within the various surface sterilization methods tested, a pri-
mary thorough wash with running tap water for 15 minutes
followed by a wash with an aqueous solution of Labolene and
thus treatment with 0.1% HgCl, for 6 minutes followed by 4-5
times rinse in sterilized distilled water helped to reduce infec-
tion rate in mature embryo explants. The current study mate-
rial following the above treatment, 66.66£1.47% of the explants
were recovered in culture without any infection and it was not
significantly different (p < 0.05) as compared with the time
duration of 3 and 5 minutes. Each treatment had 30 explants
and all the experiments were repeated thrice. The data on sur-
face sterilization of explants are described in Fig.1.

4.2 In vitro Prevention of Browning in Cashew Cultures
Tissue browning and blackening are the major hindrance of in
vitro culture of plants. It may be due to the presence of high
secondary metabolites which are inhibitory to plant cellular
growth. Accumulation of phenolic compounds to a level
which is harmful for in vitro growth is common in some eco-
nomically important plants such as coffee, mango, chickpea
[20], sugarcane [21], guava, date palm [22], and cotton [23].
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Fig.1. Surface sterilization of explants using HgCl, treatment;
values with different letters are significantly different (p < 0.05),
(n=3, error bars represent standard deviation).

Result of the present study revealed that explants maintained
on a medium without antioxidants leached out phenolic com-
pound into the medium, which leads to necrosis of the ex-
plants. Frequent sub-culturing was performed to minimize the
exudation of the phenolic compounds from the embryo ex-
plants. This observation was in agreement with previous re-
ports [24, 25]. Though the browning was not very effectively
reduced by the subculturing, however, the browning percent-
age was minimum with the addition of 4g/1 activated charcoal
and 3g/1 PVP to the medium, which was supported by earlier
workers [26, 24]. The present study materials following the
above treatments, 82.78 % of the explants responded well in
culture and it was significantly different (p < 0.05) with other
antioxidant treatments (Fig.2).
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Fig. 2. Effect of various concentrations of antioxidants used for
removing browning in embryo explants; values with different
letters are significantly different (p < 0.05), (n = 3, error bars
represent standard deviation).

4.3 Optimization of Culture Media and Growth
Regulators on Plantlet Regeneration from Embryo
Explants

Zygotic embryo culture is a method which comprises isolat-

ing and culturing of immature or mature zygotic embryos on

a nutrient medium under aseptic conditions. This technique
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also supports in understanding concepts associated to nutrient
requirements of the growing zygotic embryo, shortening the
breeding cycle and reducing seed dormancy [27]. In vitro prop-
agation of A.occidentale using zygotic embryo explants was
achieved by culturing the zygotic embryos on MS and WP media
with various concentrations and combinations of 24-D and
BAP. In the present study, zygotic embryos placed vertically
showed 100% germination followed by the embryos with a
small portion of cotyledon attached to it (Fig.3a). These observa-
tions highlighted the regeneration potential of the embryo with
the associated tissue of the seed. There are also many reports on
the rapid germination of embryo with a portion of cotyledon [28,
29]. Germination of the zygotic embryos started within 2-3 days
of inoculation (Fig.3b). Noticeable colour changes were observed
in zygotic embryo from white to light green, which is the first
visible sign of embryo germination and was observed within 2
days of inoculation followed by elongation of radical. Shoot
emergence was observed after one week of inoculation (Fig.3c)
and well developed seedlings with healthy shoots and roots
were formed by end of the fourth week of culture (Fig.3d).

Fig. 3. Plantlet regeneration from mature zygotic embryos in
A.occidentale

a) Inoculation of embryo on basal WP medium b) Germination
of embryo on basal WP medium c) Direct shoot and root or-
ganogenesis in WP medium d) Two week old aseptically germi-
nated seedlings e) Rooted plantlets ready for transplantation f)
Acclimatized plantlets after 7 days of transplantation onto soil
mix.
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TABLE 1
THE EFFECT OF PLANT GROWTH REGULATORS ON GERMINA-
TION OF ZYGOTIC EMBRYOS OF A.OCCIDENTALE AFTER 4
WEEKS OF CULTURE ON WP MEDIA

Growth hormones Germination of
SINo (mg/l) embryos (%)
2,4-D BAP
1 0 0 0
2 5 - 22.2+1.09a
3 10 - 35.3+1.43¢
4 25 - 26.9 +1.69b
5 - 5 NC
6 - 10 NC
7 - 25 26.7 +1.40b
8 10 5 59.6 + 1.36f
9 10 10 38.9+0.72d
10 25 5 60.1+2.74f
11 25 10 63.5+1.37¢g
12 25 25 55.3+1.15e

The values represent the mean (£SD) of three independent experiments.
Mean values within a column followed by different letters are signifi-
cantly different by Duncan’s multiple range test (P<0.05).

TABLE 2
THE EFFECT OF PLANT GROWTH REGULATORS ON GERMI-
NATION OF ZYGOTIC EMBRYOS OF A.OCCIDENTALE AFTER 4
WEEKS OF CULTURE ON MS MEDIA

Germination of

Growth hormones o

(mg/) embryos (%)
SI.No

2,4-D BAP
1 0 0 0
2 5 - 15.2+1.09b
3 10 - 10.6+1.05a
4 25 - 21.3+0.74c
5 - 5 NC
6 - 10 NC
7 - 25 11.3+0.94a
8 10 5 22.1+1.27¢
9 10 10 39.9+0.72f
10 25 5 41.3+1.15f
11 25 10 33.1+0.40e
12 25 25 29.1+1.25d

The values represent the mean (£SD) of three independent experi-
ments. Mean values within a column followed by different letters
are significantly different by Duncan’s multiple range test
(P<0.05).

alone was poor in inducing germination from mature zygotic
embryo explants. It only produced 35.3 £ 1.43 % of germination
response in WP medium (Table 1). Besides that, 2,4-D when used
in combination with BAP produced increased percentage of em-
bryo germination than when it used alone. Maximum percentage
of germination (63.5 +1.37 %) was noticed on the zygotic embryo
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explants grown on WP basal medium supplemented with
25mg/124-D and 10mg/1 BAP (Tablel) and it was significantly
different (p < 0.05) with other hormonal concentrations. This con-
centration and combination for healthy plantlet regeneration
from mature zygotic embryo were not reported earlier and it was
in contrast with the findings of earlier studies where maximum
percentage of plantlet regeneration from immature zygotic em-
bryos were observed on MS medium [15,16].

Although in MS medium, maximum percentage of zy-
gotic embryo germination (41.3+ 1.15 %) was obtained when 2,4-
D at 25 mg/1 was used in combination with BAP at the concentra-
tion of 5mg/1 (Table 2) and it was not significantly different (p <
0.05) with other hormonal concentration such as 2,4-D (10 mg/1)+
BAP (10 mg/I). These results recommended that WP medium
was better than MS medium for maximum percentage of zygotic
embryo germination and plantlet formation. Healthy and mature
seedlings formed from zygotic embryos cultured on WP and MS
media were taken out from the culture tubes and washed with
distilled water to remove traces of agar (Fig.3e). The plantlets
thus obtained were acclimatized by transferring them to plastic
cups containing sterile vermiculite: garden soil (1:1) (Fig.3f),
shifted to green house and transferred to the research field.

5 CONCLUSION

Cashew is treated to be one of the most recalcitrant species in
vitro. It is necessary to find out the optimal culture conditions to
organize it in a culture medium and proliferate. The present
study accomplished efficient plant regeneration using mature
embryos as a source material in A.occidentale. Mature embryos
have always been ideal for in vitro studies for the reason that they
can be handled easily and are usable throughout the year. While
immature inflorescence and immature embryos are the best ex-
plant sources for in vitro culture in cashew, they are available only
for a limited period in a year. Results of the present investigation
highlighted that in vitro seedling development from mature em-
bryo was optimal in full-strength WP medium augmented with
2,4-D (25mg/1) with combination of BAP (10mg/1).
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