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ABSTRACT

Avocado (Persea americana Mill.) is the most important and the only tree that produces
edible fruits from the many economically-valuable trees of the Lauraceae. Beyond the
fruits, other parts of the plant are highly sought after for further use such as home remedies
and beauty products. The increasing demand for avocado outweighs its production and this
demand cannot be met by its natural means of propagation, which is characterized by
particular difficulties such as flowering pattern, long juvenile period and diseases. The
advances in plant biotechnology have facilitated other propagation methods, such as
micropropagation, to bypass the difficulties associated with natural propagation. Somatic
embryogenesis is a micropropagation method that has been used to generate in vitro
avocado plantlets in the past. However, this has been achieved mainly by the use of
immature zygotic embryos. Considering that zygotic embryos are a result of sexual
reproduction, their genotypes are not truly known. Somatic embryogenesis, in some cases,
involves the formation of callus as an intermediary phase before plant regeneration. The
use of callus, however, is not limited to differentiation towards plant regeneration. Thus,
this study focused on callus production from an avocado explant that is true to type and
less destructive to the parent plant — the leaf, which was sourced from both greenhouse

plantlets and the in vitro shoots.

In vitro avocado shoots were generated via three explanted materials: the embryonic axes,
the seeds and the axillary buds. Shoots grown from embryonic axes had, significantly, the
least number of leaves per shoot, and the smallest leaf size (length and breadth) while
those obtained from the seeds had the highest of the observed parameters. However, for the
purpose of this study, associated genetic variation with seed-derived shoots needed to be
avoided as well as seasonal availability of the seeds. Hence, axillary buds were used for in
vitro avocado shoot production.

The greenhouse and the in vitro growth conditions triggered the expression of phenotypic
plasticity in the avocado plants. One of the characteristics observed was the presence or
absence of bundle sheath extensions — a criterion with which leaves are accordingly
classified as heterobaric or homobaric and thus leaves from the greenhouse- and the in
vitro-raised materials fall into these classifications, respectively. Another trait was that
there were more chloroplasts (3 chloroplasts/100 pm?) in the greenhouse materials than

their in vitro counterparts (1 chloroplasts/100 pm?), which implied that photosynthesis was



more efficient in the former. Also, the in vitro leaves were thicker (171.19 + 21.6 um) with
larger cells than greenhouse leaves (75.98 = 8.6 um).

Histomorphological observation showed that in vitro materials were not as differentiated as
the greenhouse materials. The immature state of differentiation of the in vitro plant did not
support the development of its nodal explants towards organogenesis but favoured the
induction of callus from its leaf explants. It showed that callus originated from all three
leaf tissues (i.e. the vascular bundles, the mesophylls and the epidermal layers) in the in
vitro materials while it was only induced from the vascular bundles and the epidermis of
the greenhouse materials. It also showed that in the first two weeks of callus induction, leaf
cells had increased in size and cell division had been induced — the processes that
eventually led to callus formation. These processes were as a result of the synergistic

relationship between 2,4-D and BAP in the induction medium.

Leaf explants from in vitro shoots produced more callus (72.7 = 10.35%) than explants
from greenhouse plants (54.2 + 15.40%). Seventy-nine different media were tested for
optimal callus induction. The media were tested using four basal nutrient formulations:
Murashige & Skoog (MS), Gamborg’s B5, Mango Medium for Somatic Embryos (MMSE)
and B5" and three auxin types: 2,4-dichlorophenoxyacetic acid (2,4-D), picloram and
naphthaleneacetic acid (NAA). The results showed that Gamborg’s B5 basal nutrient
medium was more favourable (39.69 + 14.95%) for callus induction than MS (21.43 +
9.99%). All the MMSE-based induction media did not support callus formation while less
than 10% of explants developed on B5* on some of its associated induction media. The use
of auxin as the only plant growth regulator (PGR) did not result in callus formation.
However, the addition of the cytokinin, 6-benzylaminopurine (BAP), to the auxin-enriched
media resulted in some callus formation. In Gamborg’s B5 medium, PGRs within the
range of 0.5 - 2.0 mg/L 2,4-D and 0.2 — 1.0 mg/L BAP were optimal for callus induction
under dark incubation, of which 1.0 mg/L 2,4-D and 0.5 mg/L BAP was the most effective
combination. The order of auxin effectiveness for inducing callus was 2,4-D > NAA >

picloram.

Other factors that were monitored included light and dark incubation, explant size and
explant surface in contact with the induction medium. The size of the leaf explant did not
have any significant effect on callus formation (p = 0.380794). However, dark incubation
significantly favoured more callus formation than light incubation (p = 0.00124 and
0.00182 in B5 enriched with 2,4-D and picloram, respectively). Also, the adaxial surface



making contact with the induction medium resulted in more callus formation (54%) than
when the abaxial surface was in contact with the induction medium (22%). The callus
formed, in this study, had a range of colour (white, brown cream and green), texture
(fluffy, grainy, compact, soft and nodular) and origin (cut edges, end of vein and along the

vein and lamina).

There was a switch of preference between induction medium and developmental medium.
While the combination of B5 and 2,4-D was optimal for callus induction, B5 was not
suitable as a basal medium for further development. Also, phenolic compounds often
accumulated in 2,4-D-derived callus which led to deleterious browning and subsequently
the callus did not survive manipulation towards differentiation. On the other hand, MS,
which was not preferred for callus induction, was more suited for the callus differentiating
medium. Similarly, although NAA did not stimulate as much callus as 2,4-D, browning
was less pronounced in the NAA-derived callus, the callus cells accumulated callose (one
of the markers of embryogenic cells) in their cell walls. The NAA-derived callus
subsequently showed some ‘greening’ responses at the differentiating phase before they
died when subcultured. In most cases, subculturing callus to fresh medium led to loss of
culture. Some groups of callus cells from the leaves of both the greenhouse- and the in
vitro-derived materials developed to form proembryo-like structures, which gave an

indication of possible further development towards organogenesis.

Considering the paucity of published information on any in vitro procedures for the main
cultivar ‘Edranol’ used in this study and for the use of avocado leaves as explants, the
work reported here is fundamental. Thus, this study further enhanced our understanding of
(i) the selective effectiveness of not fully-differentiated tissues in micropropagation
procedures, (ii) the preferential effectiveness of the different basal nutrient media, B5 and
MS, at either inducing callus or supporting further development of callus, (iii) the type of
auxin used affecting the rate, type and quality of callus formed and (iv) avocado is a
recalcitrant species, not only in its post-harvest seed behavior but also in its response to in

vitro manipulations.
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cells and large nucleus (B). ue upper epidermis; le lower epidermis; sm spongy mesophyll;
XY XY LB bbb bbbttt 109

Figure 4.6: Light micrographs of avocado leaves at two weeks of incubation in callus
induction medium. (A): greenhouse-derived leaf with discernible cellular components (B):
in vitro-derived leaves with loss of distinction between the cells of the palisade and spongy
mesophylls. pm palisade mesophyll; sm spongy mesophyll; vb vascular bundle; as
airspace; uec upper epidermal cell; gc guard cell; st stoma; xy xylem; le lower epidermis.

Figure 4.7: Cross sections of leaf from the greenhouse material, after three weeks in
culture medium. A: transverse sectional plan of the leaf, showing callus cells aggregate
(ca) around vascular bundle, expanded in (B); and from the epidermis, expanded in (C).

Figure 4.8: Sections through leaves and callus from in vitro-grown materials at three
weeks in callus induction medium. A: portion of leaf showing bulging point of callus
(broken arrow) and callus formed from mesophyll cells. B: An enlarged callus from (A).
The division of vascular bundle cells pushed the dedifferentiated mesophyll cells through
the epidermal layer to form callus on the explant. C: Callus was derived from epidermal
layer of leaf explants. D: Aggregation of callus cells from vascular bundle and surrounding
cells (red circle). E: Persistent, undividing xylem (xy) tissues in the leaf explants. ......... 114

Figure 4.9: Callus from the greenhouse avocado leaf explants that were in induction
medium for four weeks. A: callus masses. B: cells within the callus showing phenolic
compounds (pc) and dividing cells. C - F: periphery of callus showing at least 2-celled
proembryo-like (PEL) structures, arising from periclinal (red arrowhead) and anticlinal
(black arrowhead) cell division. Apical (ac) and basal (bc) cells were the components of a
two-celled proembryo-like StrUCtUrE (E). .....cooveieiiiiiiiireeeeee e 116

Figure 4.10: Callus developed from four-week-old culture of leaf derived from in vitro-
grown avocado shoots. A: callus mass. B: Periphery of callus with one asymmetrically-
divided cell (black arrow). C: Inner cells of callus comprising dividing cells (red
arrowhead) and cytoplasmic-dense cells (broken red arrow). D: Inner cells of callus which
were largely VaCUOIALEd. ..........ooviiiiiii e 117

Figure 4.11: Callus from greenhouse-derived leaves that had been cultured for five weeks.
A: Fused callus masses. B — D: cells of different regions of the callus. B: callus cells had
irregular shapes, appeared plasmolysed, but cells were nucleated. C: Callus cells were
highly vacuolated and isodiametric. D: callus cells were polygonal and had relatively small
0o T S RTSOSSRRS 118

Figure 4.12: Callus from in vitro-derived leaves that had been cultured for five weeks. A:
callus mass with proembryo-like (PEL) structure at its periphery (black arrows). B:
enlarged portion of A (in red circle) showing multi-celled proembryo-like structure (black
arrows). C — D: Inner regions of callus with no nucleus in the cells. C: highly irregular-
shaped cells. D: Polygonal and vacuolated cells. E: callus cells filled with crystalized
substances from which tearing of the callus 0CCUITed. .........cccoeviieiiiii i 119
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Figure 4.13: Callus cells from greenhouse-derived and in vitro-derived leaves that had
been in culture for six weeks. (A): showed dispersed phenolics through the callus. The core
of the callus consisted of highly vacuolated as well as few nucleated cells (B) while the
periphery comprised periclinally-divided cells with prominent nuclei (C). Callus from in
vitro material at six weeks in culture with hollow spaces created from torn cells (D). Callus
cells around the cavity were nucleated but shrivelled with irregular shapes (E) while the
cells at the periphery were filled with crystallized substances (F). ........cccccovvevvviievvenene. 121

Figure 4.14: Callus cells from greenhouse-derived leaf that was cultured for six weeks on
an induction medium that comprised Gamborg’s B5 supplemented with 1.0 mg/L NAA
and 2.0 mg/L BAP. Phenolic compounds were present in few cells (black arrow), few
nucleated cells with visible nucleolus were present in the callus cells (red arrow heads).
ndc new daughter cells, dc dividing CellS. .........coeiiiiiiiiiii e 122

Figure 4.15: Callose deposition in callus cells of avocado. In 2,4-D-enriched induction
medium, callose was not detected in the callus cell wall but callose-like substances were
detected as droplets within the cells (A & B). Callose (Yellow-green fluorescence) was
detected in NAA-derived callus (C & D and E & F). Row | was observed with Bright Field
(BF) optics while row Il is the equivalent observation with Fluorescence Microscopy
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CHAPTER ONE: GENERAL INTRODUCTION



1.1 Avocado: Family Lauraceae

The Lauraceae family is listed among the ‘basal angiosperms’ i.e. world’s oldest flowering
plants (Bost et al., 2013). The family comprises about 45 genera, a few of which are
Persea, Cinnamomum, Cassytha and Camphora (Bergh, 1969; Chanderbali, et al., 2008;
Bijzet, 2011; Bender, 2013a) and approximately 2850 species (Christenhusz, and Byng,
2016). Most of the species in this family are trees and shrubs that are usually evergreen
while some are deciduous. However, the Cassytha is a genus of herbaceous, rootless and
parasitic vines. The family includes some species that are of cultural and economic
importance and others that are common household names. For example, leaves of Laurus
nobilis were used in ancient Greek culture to signify and reward major achievements
(Chanderbali et al., 2008). Cinnamomum pauciflorum produces essential oil (Kong et al.,
2009) while Persea americana is not only valuable for its oil but for its edible fruit as well.
Other species such as Chlorocardium, Beilschmiedia, Eusideroxylon zwageri, Ocotea spp
and Cinnamomum kanehirae are valuable for commercial timber production (Moura-Costa
et al., 1993; Glimn-Lacy and Kaufman, 2006; Pelegrini et al., 2013; Schaffer et al., 2013;
Chang et al., 2015; Gibson and Rebicca, 2016). Furthermore, C. kanehirae is the only
natural host of the medicinal fungus Antrodia cinnamomea (Chang et al., 2015); while the
leaves of Cinnamomum verum tree, commonly known as bay leaves, are used in cooking
(Sharif et al., 2018).

1.1.1 Origin and distribution of avocado (Persea americana Miller)
Avocado (Persea americana Miller) is considered the most valuable species of economic

importance in the Lauraceae. The trees are a fruit crop of tropical and subtropical origin as
for most genera of the Lauraceae (Ben-Ya’acov and Michelson, 1995; Bender, 2013a).
They are native to Central and South America and have been cultivated there since around
8,000 BC (Storey et al., 1986). Avocados were introduced to Jamaica in the mid-17"
century, Asia in the mid 1800s, South Africa in the late 19" century and cultivation in the
United States of America (Florida and California in particular) started in the early 20"
century (Ben-Ya’acov and Michelson, 1995). There are three main subspecies or
horticultural races of avocado grown at different elevations: (i) the west Indian or Antillean
race (P. americana var. americana) which grows best in a lowland tropical climate at
altitudes of 0 to 1000 m (ii) the Guatemalan race (P. americana var. guatemalensis) is
adapted to medium elevations of about 1000 to 2000 m above sea level in semitropical

climates and (iii) the Mexican race (P. americana var. drymifolia) is grown at high



elevations between 500 and 3000 m in subtropical climates (Ben-Ya’acov and Michelson,
1995; Anguiano et al., 2007; Chanderbali et al., 2008; Crane et al., 2013). There are
hundreds of cultivars or varieties of avocado, but according to the report of the South
African Department of Agriculture, Forestry and Fisheries (DAFF) (2012), seven are
grown for commercial purposes in South Africa. These are ‘Fuerte’, ‘Hass’, ‘Bacon’,
‘Pinkerton’, ‘Edranol’, ‘Ryan’, and ‘Reed’, with ‘Fuerte’ being the most popular.
However, the ‘Hass’ cultivar is the leading variety in the United States of America (USA)
and globally (Dreher and Davenport, 2013). Many varieties of avocado are crossbreeds of
two or more races, e.g. the ‘Fuerte’ cultivar is a hybrid of Guatemalan x Mexican races
(Popenoe, 1941; Gomez-Lim and Litz, 2004).

1.1.2 Importance of avocado
Commercially, avocado fruit is an important crop that is gaining popularity worldwide

because of its exceptional nutritional value (Guzméan-Garcia et al., 2013a). Within a
decade, world production of avocado increased from 2,935,316 metric tonnes in 2002 to
4,311,049 metric tonnes in 2012 (FAO, 2002; 2012) and the value was ca. 6 million metric
tonnes in 2017. For more than 10 years, countries such as Mexico, Dominican Republic,
Peru, Indonesia, US, Kenya, Brazil, among others, have been the top countries producing
avocado (Table 1.1). According to FAOSTAT (FAO, 2017), Mexico is consistently the
world-leading exporter of avocado while USA is the leading importer even though it is one
of the top producer countries (Table 1.1). In South Africa, avocado is cultivated in the
subtropical/tropical climate of Limpopo, Mpumalanga and KwaZulu-Natal provinces; and
its production increased from 81,900 to 98,200 metric tonnes within five years (2010/11 —
2014/15) (Sippel, 2011; DAFF, 2015; 2019). Domestic sale of the crop increased from
15,038 to 22,196 metric tonnes in 2017 and 2018, respectively (SAFTF, 2018).

Avocado fruit fits into the group of foods referred to as functional human foods (Pieterse et
al., 2003). These are described by the American Dietetic Association (ADA) (1999) as
foods that provide health benefits beyond the basic nutrients they can supply due to the
phytochemicals or the physiologically-active components they contain. Functional foods
are potentially capable of reducing the risks of diseases and promote optimal health for the
consumers. Avocado fruit has no cholesterol, is low in sodium, sugar and saturated fatty
acids but is high in unsaturated, particularly monounsaturated, fatty acids (Bergh, 1992a;c;
Rainey et al., 1994, Pieterse et al., 2003; Dreher and Davenport, 2013).



Table 1.1: Top 20 countries producing avocado (in tonnes) at five-year intervals. Superscripts

indicate the position of each country for 2012 and 2017.

Country 2007 2012 2017

1 Mexico 1142892 | 1316104™ | 2029886 ™
2 Chile 209 645 | 160 000 ®" 133636 "

3 Indonesia 201635 | 2942002 | 363157 “"

4 Colombia 193996 | 255384°" 314 275 °"

5 United St_ates of 193100 | 238495°" | 132730

America

6 | Dominican Republic | 183468 290 011%¢ 637 688 2™

7 Brazil 154096 | 159903 °" 213 041 °"

8 Peru 121720 | 268525“" | 466 758

9 Guatemala 96 524 94 605 2" 125596 M
10 Kenya 93 639 166 948 ™ 194 279 ™

11 China 92 000 108 000 ™™ | 124 110"
12 Malawi 87 620 90 711 1" 97 358 1"

13 Israel 85913 77500 " | 110000 "
14 Venezuela 83 304 116 964 ' | 133922 8"

15 Spain 82116 76 337 1" 92 936 o

16 South Africa 65 209 91 603 1" 62 840 1"

17 DR Congo 64 340 66 509 1" 65 558 1"

18 Haiti 58 000 80 230 ™" 97 520 "

19 Cameroon 53 000 72000 1" 712351

20 Australia 47 238 - -

21 Morrocco - 54 340 2" -

22 Ethiopia - - 57 120 2"

A typical ‘Hass’ avocado has minerals such as calcium, magnesium, potassium, zinc,

manganese; vitamins and phytochemicals such as vitamins C, B-6, B-12, A, E, K, niacin,




folate, riboflavin, tocopherol, carotene, phytosterols and phenolics (Table 1.2) (Dreher and
Davenport, 2013; USDA, 2014).

Table 1.2: Some nutritional components of avocado fruit and their human health benefits

NUTRIENTS

HEALTH BENEFITS

REFERENCES

Monounsaturated fatty

acids (MUFA)

Good for cardiovascular health, reduces
bad cholesterol (LDL)*,
maintain/increase good cholesterol
(HDL)**, good for skin health, protects
against abdominal fat thus helping in

weight management

Bergh, 1992a,b,c; Colquhoun et
al., 1992; Pieterse et al., 2003;
Dreher and Davenport, 2013;
Fulgoni et al., 2013.

Dietary fibre

Helpful in the control of sugar levels
and diabetes, improves glucose
tolerance, reduces the risk of

gastrointestinal diseases

Bergh, 1992a; Rainey et al., 1994

Minerals

Potassium (K)

Prevents stroke and its associated
diseases, promotes normal blood

pressure

Bergh, 1992a; Dreher and
Davenport, 2013

Magnesium (Mg)

Supports normal vascular tone, serves
as co-factor for cellular enzymes

needed in energy metabolism

Dreher and Davenport, 2013

Phytochemicals

Phenolics and

flavonoids

Have anticancer properties, have
protective effects on the liver, reduce

oxidative and inflammatory stress

Ding et al., 2007; 2009; Dreher
and Davenport, 2013; Mahmoed
and Rezq, 2013;

Phytosterols

Beta-sitosterol

Promote intestinal cholesterol blocking
thus reducing cholesterol absorption,
enhances cardiovascular health
Reduces the risk of prostate cancer in

men, improves urinary system

Dreher and Davenport, 2013

Strum and Faloon, 2005

Xanthophylls e.g.

Lutein and zeaxanthin

Have antioxidant properties and
protective effects on DNA, protect
against cartilage defects, improve eye
and skin health

Dreher and Davenport, 2013

Carotenoids,

terpenoids,

Have anti-carcinogenic properties

Dreher and Davenport, 2013




gluthathione, persenone
Vitamins
Antioxidants (vitamin Act as defence against free radicals, Bergh, 1992a,c; Rainey et al.,
A (beta carotene), C prevent cholesterol oxidation, protect 1994; Dreher and Davenport, 2013.
and E) the skin from visible signs of aging,
protect against DNA damage and
osteoarthritis
Vitamin Bg Good for the nervous system, red blood | Bergh, 1992a
(pyridoxine) cells, teeth and gums
Folate Reduces the dangerous amino acid, Rainey et al., 1994; Dreher and
homocysteine, in the blood, it is Davenport, 2013
necessary for cell division especially
during pregnancy and infancy
Vitamin Ky Functions as co-factor for the enzyme Dreher and Davenport, 2013
that facilitates blood coagulation

*LDL — Low Density Lipoprotein **HDL — High Density Lipoprotein

The composition of its nutrients, which in most cases are higher than those found in other
fruits and vegetables, are listed in Dreher and Davenport (2013). Avocado seems to be the
best source of beta-sitosterol, one of its main phytosterols, when compared with other
fruits such as orange which was previously considered as the richest source of the
compound (Duester, 2001). Some of the health benefits of various avocado components
are detailed in Table 1.2.

The importance of avocado is not confined to the consumption of its fruits alone. Other
plant parts are used for various benefits from home remedies to beauty products. Oil
extracted from the pulp is used for health and beauty purposes (DAFF, 2012). Paste from
the fruit pulp is used for stimulating healthy hair growth. Its powdered seeds are used to
treat hypertension and the leaves have antibiotic properties and are also used in the
production of dyes. Even the wood has been used for some woodwork in the past (DAFF,
2012; Bost et al., 2013).

1.1.3 Diseases of avocado
Although the demand for avocado increases every year due to its economic importance, it

is often plagued by diseases that affect its growth, development and production. Topmost




on the list of avocado diseases is Phytophthora root rot caused by Phytophthora
cinnamomi (Pérez-Jiménez, 2008; Manicom, 2011). Some other diseases of avocado are
Phytophthora cankers caused by Phytophthora spp; anthrachose caused by Colletotrichum
gloeosporioides; cercospora spot of blotch caused by Pseudocercospora purpurea;
Dothiorela rot caused by D. gregaria; scab caused by Sphaceloma perseae; stem-end rot
caused by multiple fungi like Dothiorella spp., Phomopsis perseae, Thyronectria
pseudotrichia etc.; Fusarium rot caused by several species of Fusarium such as F.
pallidoroseum; sunblotch caused by avocado sunblotch viroid (ASBVd) and many more.
One bacterial disease is soft rot caused by Erwinia carotovora (Snowdon, 1990; Pérez-
Jiménez, 2008; Ploetz, 2009; Manicom, 2011; Dann et al., 2013). Some diseases are more
prevalent in certain countries than others; some diseases affect only the tree while others
affect the fruits or both (Snowdon, 1990).

1.1.4 Flowering and breeding of avocado
The flowers of avocado are bisexual; with the male and female parts of the flowers

opening at different times of day (Robbertse, 2011; Crane et al., 2013) hence the species
rarely self-pollinates and is consequently highly heterogeneous (Cruz-Hernandez et al.,
1998; Witjaksono and Litz, 1998; Robbertse, 2011). Cross-pollination occurs when male
and female flower parts of different individual plants open synchronously (Crane et al.,
2013). A mature avocado tree can produce about one million flowers but very few flowers
(less than 1%) set fruit that will develop to maturity (Blumenfeld and Gazit, 1974; Crane et
al., 2013; Bender, 2013b), with many senescing immaturely (Witjaksono and Litz, 1998;
Crane et al., 2013; Salazar-Garcia et al., 2013). The abscission of the flowers as well as the
senescence of the immature fruits is linked to the various developmental processes, which

must be successfully transited, from flowering to fruit set.

Usually, avocado seedlings have a long (average of 10 years) juvenile period (Cruz-
Hernandez et al., 1998; Witjaksono and Litz, 1998; Bender, 2013b; Salazar-Garcia et al.,
2013). Because of this and due to the commercial importance of avocado, it is usually
propagated vegetatively by grafting (Ben-Ya’acov and Michelson, 1995; Bender et al.,
2013). Advantageously, some grafted cultivars begin flowering as early as two years after
planting (Bender, 2013b). Grafting also helps growers to choose rootstocks and scions that
will yield cultivars with desirable traits in the trees (such as disease tolerance and gquantity

of fruits produced) and in the post-harvest behaviour of fruits.



The propagation challenges of avocado such as diseases, heterogeneity, long juvenile
period and the demand for qualitative fruits of high market value, call for alternative
breeding strategies for improving the propagation of avocado. In vitro procedures such as
somatic embryogenesis, in vitro mutagenesis and protoplast cultures are some of the
biotechnological methods used to incorporate desired traits into the breeding of avocado
(Litz et al., 2005a). In this regard, somatic embryogenesis can be used for genetic
transformation so as to introduce desirable characteristics, particularly disease-resistance,

into crops.

1.2 Somatic Embryogenesis
Somatic embryogenesis is an asexual process whereby a single somatic cell or a group of
somatic cells develop, without the fusion of gametes, into non-zygotic, bipolar embryos
otherwise known as somatic embryos, which are capable of developing into whole plants
(Hirimburegama and Gamage, 1997; Vicient and Martinez, 1998; Kéarkonen, 2001,
Razdan, 2003). Somatic embryogenesis can occur in nature as well as in vitro (Litz and
Gray, 1995). Since somatic embryos are formed without the process of fertilization, they
are genetically identical to the parent tissues from which they are derived and hence they
are clones (Deo et al., 2010). The somatic embryogenic process is made possible by the
fact that plants possess cellular totipotency — the genetic ability of a plant somatic cell to
develop into a whole plant (Solis-Ramos et al., 2012). Although the initiation of
embryogenesis in zygotic and somatic embryogenesis is different, there are similarities in
structure and in the subsequent developmental pathways (Litz and Gray, 1995; Dodeman et
al., 1997; Von Arnold, 2008). In dicotyledonous plants, both zygotic and somatic embryos
undergo the four developmental stages: globular, heart, torpedo and mature (cotyledonary)

(Hirimburegama and Gamage, 1997).

1.2.1 Pathways in somatic embryogenesis
There are two pathways in somatic embryogenesis: the direct and the indirect pathways. In

direct somatic embryogenesis, somatic embryos are formed directly from cells within the
explants. In indirect somatic embryogenesis, the explants first develop an undifferentiated
mass known as callus as an intermediary phase, and then cells within the callus
differentiate to form somatic embryos (Ji et al., 2011). It is presumed that the somatic
embryos that are formed directly originate from ‘pre-embryogenic determined cells’

(PEDCs). These are cells that are pre-destined to develop into embryos and would do so



under appropriate in vitro conditions. Such cells are found in the tissues associated with
zygotic embryos such as the suspensors, nucellus, megagametophyte and embryo sac. On
the other hand, those formed indirectly are formed from ‘induced embryogenic determined
cells’ (IEDCs). Naturally, the IEDCs are not modeled to develop into embryos; hence they
have to be re-directed to the embryogenic state through dedifferentiation (to form callus)
and re-differentiation to form somatic embryos. These processes occur under exposure to
specific plant growth regulator treatments like the synthetic auxin 2,4-
dichlorophenoxyacetic acid (2,4-D). The IEDCs are found in somatic tissues such as leaf,
cotyledon and stem explants (Minocha and Minocha, 1995; Ké&rkdnen, 2001; Razdan,
2003; Von Arnold, 2008; Hartmann, et al., 2011). However, an intermediary callus phase
can be generated from PEDCs such as was observed in the somatic embryogenesis of
avocado using immature zygotic embryos as explants (Mooney and Van Staden, 1987). In
the same vein, somatic embryos were formed directly, without intermediate callus
formation, from IEDCs in the leaf explants of Stevia rebaudiana (Filho et al., 1993).
Hence the direct and indirect somatic embryogenesis pathways are not fixed with PEDCs

and IEDCs, respectively.

1.2.2 Factors influencing successful somatic embryogenesis
The induction of somatic embryogenesis is influenced by the source, developmental status

of the explant, genotype, plant growth regulators, and basal nutrient media (Litz and Gray,
1995; Radojevic et al., 1999; Karkdnen, 2001; Deo et al., 2010; Ji et al., 2011).

Explants can be sourced from different organs and tissues of a plant like the hypocotyl,
cotyledons, roots, (Zhang et al., 2001); flower buds (Capuana and Debergh, 1997);
immature zygotic embryos (Witjaksono and Litz, 1999a; 1999b) and leaves (Filho et al.,
1993). Although explants can be sourced from different plant tissues, embryonic or highly
juvenile and meristematic tissues are preferred as explants for somatic embryogenesis
because these types of tissues are more amenable to produce embryogenic cells than older,
highly differentiated tissues (Litz and Gray, 1995; Zhang et al., 2001). Mooney and Van
Staden (1987) also emphasized the importance of the correct dimension of the explant, as it
should not be too small or too large. This is because if the explant is too small, it can lead
to death and if it is too large, it can lead to maturation of the explant (in the case of

immature zygotic embryo).



The source of explants also includes consideration of the donor plants. The donor, stock or
parent plants are influenced by the prevailing environmental factors of their growth
conditions. Such environmental factors trigger the expression of phenotypic plasticity in
the donor plants (Bradshaw, 1965; Sultan, 2000; 2003). Thus, species of the same
genotypes but grown under different conditions would express differences in their
morphology (e.g. plant height), anatomy (e.g. cell size), biochemical activities (e.g. starch
accumulation) and physiology (e.g. photosynthesis) among other traits (Sultan, 2003;
Gratani, 2014; Qi et al., 2020). Different growth conditions can be shade, greenhouse, in
vitro, light, among others. These conditions are controlled by factors such as relative
humidity, temperature, irradiance, altitude, water and nutrient availability (Gratani, 2014).
Hence, by implication, explants sourced from physiologically different parent plants may

also respond differently to in vitro procedures.

Different genotypes of the same species can have differing responses to somatic
embryogenesis procedures. According to Stasolla and Yeung (2003), the quality of somatic
embryos produced and their conversion to plantlets is highly dependent upon the genotype
of the originating explants. Such genotypic variation has been shown to be significant in
Glycine max (Tian and Brown, 2000), Arachis hypogaea (Radhakrishnan et al., 2001), rose
(Kim et al., 2004) and cocoa (Quainoo and Dwomon, 2012). In fact, some genotypes of
certain species, such as cotton, are not amenable, or show very slow response to somatic
embryogenesis (Zhang et al., 2001). In this regard, Zhang et al., (2001) suggested that
different levels of endogenous plant hormones, especially cytokinins, may be responsible
for the differential responses of genotypes to somatic embryogenesis.

Litz and Gray (1995) listed the commonly used tissue culture media as those formulated by
Murashige and Skoog (MS) (1962), Schenk & Hildebrandt (1972), Nitsch and Nitsch
(1969) or B5 (Gamborg et al., 1968). The work of Peran-Quesada et al. (2004) on avocado
showed that the different stages of somatic embryogenesis require different media for
optimization. Those authors found that while cultures on B5 major salt medium yielded
higher quality, white-opaque somatic embryos than cultures on MS medium, MS medium
was more suited for the maturation of the embryos. However, the optimum medium for
conversion of the somatic embryos into plantlets was B5 major salt plus coconut water
(Peran-Quesada et al., 2004).

10



1.2.3 Stages involved in somatic embryogenesis
The phases of somatic embryogenesis include callus initiation, maintenance/proliferation,

histodifferentiation/development, maturation and plant regeneration through plantlet
conversion (Kéarkoénen, 2001; Von Arnold, 2008).

1.2.3.1 Callus initiation
The first stage of callus initiation or induction entails culturing the explants in a medium

that will enable the explant to show its latent ability for somatic embryogenesis by
producing embryogenic callus (also known as proembryogenic masses — PEMs (Von
Arnold et al., 2002; Hartmann et al., 2011)). The induction of callus for embryogenesis is
usually in a medium enriched with auxin (Deo et al., 2010) with low concentrations of, or
no, cytokinin. According to Hartmann et al. (2011), the most effective and common
synthetic auxin is 2,4-D, but oftentimes each plant species and explant requires specific
auxins, other than 2,4-D, for optimization. For example, picloram is the auxin that is often
used for the induction of somatic embryogenesis in avocado (Witjaksono and Litz, 1998;
1999a; Efendi, 2003). According to Mooney and Van Staden (1987), the optimal
concentration of picloram for the induction medium is 0.1 mgL™; concentrations lower
than this level did not result in callus induction and concentrations above this optimal level
were either less effective or toxic to the explants. In some cases however, cytokinins
instead of auxins are used to induce callus (Hartmann et al., 2011). An example is the use

of zeatin by Zhang et al., (2001) in cotton embryogenesis.

The subsequent development and establishment of somatic embryogenesis occurs in a
medium with lower concentrations, or no, auxin. This is because auxin promotes the
proliferation of callus but inhibits the differentiation of cells towards organized growth
(Von Arnold et al., 2002).

1.2.3.2 Maintenance and proliferation of callus
At the maintenance and proliferation phase, embryogenic calli are subcultured onto fresh

media. Embryogenic and non-embryogenic callus usually grow together in a medium and
the latter tends to outgrow the former, hence it is necessary that embryogenic calli are
selected to be subcultured for maintenance and proliferation (Fei, 1997). Usually, the
embryogenic callus is transferred to a medium similar to, or with a lower concentration of
auxin than, the induction medium (Von Arnold et al., 2002; Stasolla and Yeung, 2003;

Hussein et al., 2006; Hartmann et al., 2011). For example in papaya, while the induction
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medium contained 15 mgL™ 2,4-D for embryogenic callus to be formed, the embryogenic
cells had to be transferred to a proliferation medium containing a reduced concentration (2
mgL™) of 2,4-D with 4 mgL™ zeatin and 60 gL sucrose before they could develop into the
globular stage of embryo development (Jattana et al., 2008). It is important that cultures

are kept at low pH i.e. less than 6, for proliferation (Von Arnold et al., 2002).

1.2.3.3 Histodifferentiation/developmental phase
The histodifferentiation/development phase, also referred to as prematuration phase by

Von Arnold et al. (2002), entails transferring the somatic embryos onto a medium free of
growth regulators (Von Arnold et al., 2002; Hussein et al., 2006; Hartmann et al., 2011). It
IS necessary that the medium is auxin-free because auxin can inhibit the growth and
development of shoot meristems (Razdan, 2003). Apical, shoot and root meristem
differentiation occur at this stage. The lack of plant growth regulators allows the somatic

embryos to develop further through the various stages of heart, torpedo and cotyledonary.

1.2.3.4 Maturation of somatic embryos
Maturation is the intermediate, transitory and key phase between somatic embryo

development and conversion to plantlet. This phase prevents premature conversion of the
somatic embryos to plantlets. Without this phase, the somatic embryos formed tend to be
abnormal; without functional shoot and root systems (Hartmann et al., 2011). Complete
maturity implies that somatic embryos are not only morphologically mature, but have also
acquired certain physiological conditions, such as desiccation tolerance (Stasolla and
Yeung, 2003). In addition, synthesis and accumulation of storage substances like starch,
proteins and oils usually take place at this phase. In the laboratory, abscisic acid (ABA) is
usually added to the medium to induce maturation (Hoekstra et al., 2001; Von Arnold et
al., 2002; Peran-Quesada et al., 2004; Hartmann et al., 2011; Quainoo and Dwomon,
2012).

In addition to promoting embryo maturation, ABA is often used in somatic embryogenesis,
to promote desiccation tolerance and to enhance the synthesis and deposition of storage
reserves within the embryo during maturation. It also prevents the precocious
‘germination’ of the somatic embryos, allowing them to develop into ‘normal’ plants and
reduces the possibility of the process of secondary embryogenesis (Thomas, 1993;
Dodeman et al., 1997; Von Arnold et al., 2002). It has also been shown to induce somatic

embryogenesis in some species such as Daucus carota (Nickle and Yeung, 1994). Tian and
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Brown (2000) showed that ABA increased the number of somatic embryos formed in
soybeans and also enhanced ‘normal’ somatic embryos development through various
stages. Other potential roles of ABA, as outlined in Rai et al. (2011), include (i) it helps
with the synchronization of the development of somatic embryos and to increase stress
tolerance, (ii) it serves as anti-transpirant when plantlets from tissue cultures are being
acclimatized, (iii) it stimulates gene expression during somatic embryogenesis and (iv) it
reduces programmed cell death in cultured cells and tissues. In addition, when ABA is
supplied exogenously, it can induce a certain degree of freezing tolerance (Gusta et al.,
2005).

However, Rai et al. (2011) stated that the addition of ABA alone to maturation medium
might not promote somatic embryo maturation in most plant species unless it is used in
combination with an osmolyte such as polyethylene glycol (PEG). As reported in the
previous phase, the maturation culture medium is also auxin-free because of its inhibitory
role in maturation (Litz and Gray, 1995). Apart from ABA, the process of desiccation,
osmoticants (such as sucrose) and gelling medium can also be used to induce or control
maturation of somatic embryos (Hussein et al., 2006). In Witjaksono and Litz (1999b),
maturation medium for avocado somatic embryos was made up of MS basal medium
supplemented with 1.0 mg/L 6 — benzyl aminopurine (BAP), 1.0 mg/L gibberellins (GAg),
4.0 mg/L thiamine HCI, 100 mg/L myo-inositol, 30 g/L sucrose and 8 g/L agar.

1.2.3.5 Plant regeneration/Plantlet conversion
Plant regeneration entails root growth and elongation, and plant conversion (which is the

growth of functional root and shoot systems) of mature somatic embryos (Stasolla and
Yeung, 2003; Hussein et al., 2006). This also normally takes place in a medium free of
plant growth regulators. Normal plants will only develop from mature somatic embryos
that have acquired desiccation tolerance, have normal morphology and with sufficient

storage materials in their cotyledons (Von Arnold et al., 2002; Stasolla and Yeung, 2003).

However, the major challenge of in vitro somatic embryogenesis is that the number of
mature embryos obtained at the end of the procedures is usually few. In addition, the
frequency of conversion of mature embryos to viable plantlets is usually low as well
(Stasolla and Yeung, 2003). Hence, the culture conditions for each stage of somatic
embryogenesis need to be manipulated and optimized empirically, in order to obtain
optimal overall results in terms of the quantity and the quality of the somatic embryos
produced (Stasolla and Yeung, 2003).
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1.2.4 Secondary somatic embryogenesis
It is often very difficult to obtain normal plantlets from somatic embryos due to low

conversion rates, and the fact that embryos differentiate and mature at different rates from
the same embryogenic tissue (Capuana and Debergh, 1997). In these cases, secondary
somatic embryogenesis may be necessary to mitigate the setbacks highlighted above.
Secondary somatic embryogenesis is a process in which nascent somatic embryos at the
PEMs of globular stage of development are used as the starting material (explant) for the
differentiation and maturation of somatic embryos (hence — secondary) (Raemakers et al.,
1995). The advantage of secondary over primary somatic embryogenesis was demonstrated
by Quainoo and Dwomon (2012). According to those authors, the percentage of somatic
embryos obtained and the conversion to plantlets was significantly higher from secondary
rather than primary somatic embryogenesis. One of the major benefits of secondary

embryogenesis is its high multiplication rate when compared with primary embryogenesis.

1.2.5 Importance and uses of somatic embryogenesis
Somatic embryogenesis is one of the biological processes highlighted by Park and Bonga

(2010) as being useful in meeting the challenges facing modern breeding programmes such
as climate change, pest susceptibility and resistance, conservation and re-establishment of
endangered species. It is also a useful process that enables the integration of valuable genes
into desirable genotypes through genetic engineering (Park and Bonga, 2010). Similarly,
somatic embryos are used in the production of synthetic seeds, germplasm conservation
through cryopreservation (Hartmann et al.,, 2011) and mass propagation of desired
species/cultivars (Corredoira et al., 2003). Other advantages, especially for crop
improvement, are highlighted in Vicient and Martinez (1998) as cell selection, somatic
hybrid regeneration, polyploidy plant production, elimination of viruses, synthesis of

metabolite and mycorrhizal initiation.

1.3 The Present Study
It is important to note that avocado is a highly recalcitrant tropical tree species due to its
post-harvest seed behaviour (Sanchez-Romero et al., 2002). Intolerance to desiccation and
sometimes chilling, large seed size, continued metabolic activities from seed development
to seed germination and high water content at shedding are some of the characteristics of
such seeds (Daws et al., 2005) — all of which are found in avocado seeds (Walters et al.,
2013). Since processes that lead to acquisition or lack of desiccation tolerance are part of
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the physiological mechanisms of seed development, the recalcitrance of such species may
not be limited to post-harvest seed behaviour alone but also to the whole plant physiology
(Benson, 2000). Thus, recalcitrance can also reflect in the responses obtained from in vitro
propagation manipulations as seen in avocado (Wolstenholme and Whiley, 1999; Hiti-
Bandaralage et al., 2017).

Various types of avocado explants have been used for the micropropagation of the crop as
outlined by Mohamed-Yasseen (1993). However, since 1987 when Mooney and Van
Staden first documented somatic embryogenesis in avocado, until date, the zygotic embryo
seems to be the only documented explant of choice for somatic embryogenesis of avocado
(Mooney and Van Staden, 1987; Pliego-Alfaro and Murashige, 1988; Witjaksono and Litz,
1999a; 1999b; Efendi, 2003; Peran-Quesada et al., 2004; Guzman-Garcia et al., 2013b;
Encina et al., 2014). This is because zygotic embryos are generally made up of highly and
rapidly dividing meristematic cells. However, zygotic embryos have already gone through
sexual recombination through fertilization, hence the somatic embryos generated will not

be clones of the mother plants (Hartmann et al., 2011).

In the present study, the explants of choice for the induction of callus and somatic embryos
were avocado leaves. Leaf materials were always available in comparison with fruits from
which zygotic embryos are obtained. The use of leaves as explants would ensure that the
somatic embryos are true to type of the mother plant, provided somatic variation does not
occur. Leaf explants would also be less destructive to the parent plants and could
potentially be good explants like the zygotic embryos, given that leaf tissues contain
meristematic cells too. However, since leaf growth is not indefinite but determinate, young
leaves would be more meristematic than mature leaves, thus were preferred over fully-

grown matured leaves.

It is known that various factors — endogenous and exogenous — influence the callogenic
competence of explants and the type of callus formed. This study aimed at elucidating the
interactions between these factors and how these factors promote or inhibit callus
formation. It investigated the influence of the growth conditions of stock plants on the
developmental status of the explants. A morphological study traced the callogenic
competence of the component leaf tissues of avocado so as to understand the underlying

developmental process that culminated in its callus formation.
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CHAPTER TWO: OPTIMIZING EXPLANT SOURCES
FOR THE INDUCTION OF CALLUS FROM AVOCADO

(Persea americana)
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2.1 Introduction
Callus is an aggregate of undifferentiated cells often induced from isolated plant parts
known as explants and its formation is the first stage in the indirect pathway for somatic
embryogenesis (George 2008). Explants can be leaf pieces such as were used in
investigation with jojoba (Kumar et al., 2013), root in Indica rice (Hoque and Mansfield,
2004), zygotic embryos in onion (Sivanesan et al., 2015) and others (Kawochar et al.,
2017). The explant physiological status, the types of tissues found in the explant, the
genotype of the parent plant, among others, have an effect on the status and competence
for callus induction and subsequent somatic embryo development (Hoque and Mansfield,
2004; Finer, 1994). Whatever the explants, it is important to note that their cells must
acquire cellular totipotency, i.e. the ability of plant cells to reprogramme and to develop
into other cell types and ultimately to a whole plants (Su et al., 2021). This is because

recent studies have suggested that not all plant cells are totipotent (Fehér, 2019).

In avocado, the explant that has been widely reported for its success in callus or proembryo
mass induction and subsequently for the formation of somatic embryos is the immature
zygotic embryo (Mooney and Van Staden, 1987; Peran-Quesada et al., 2004; Litz et al.,
2005a; Encina et al., 2014). However, given the context of totipotency, there are other
explants of Persea americana that have the potential of forming callus such as the
component tissues of flower, leaf, petiole, protoplast, stem, cotyledons, peduncle, fruit
mesocarp and buds (Young, 1983; Mohamed-Yasseen, 1993). The young, actively
growing individuals of most plant species, including avocado, are believed to have higher
meristematic competence than the older plants (Hoque and Mansfield, 2004; Pliego-
Alfaro, et al., 2013). Hence they are the preferred source of explants.

Meristematic competence is the combined ability of cells to both grow (due to cell
expansion) and proliferate (due to cell division) (Risopatron et al., 2010; Manzano et al.,
2013; Herranz et al., 2014), and this is evident in young and expanding leaves. In
Arabidopsis thaliana, molecular markers were used to trace proliferative regions in the
leaves. These regions were found at the mesophylls of the petiole/blade junction, at the leaf
margins and at the middle of adaxial and abaxial sides of the leaves. The meristems at
these regions were named plate, marginal and intercalary meristems, respectively
(Donnelly et al., 1999; Ichihashi and Tsukaya, 2015); these meristems have been earlier

described by the renowned botanist, Katherine Esau (1953; 1977). However, in matured
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leaves that have undergone determinate growth, the activities of the meristems are capped
by negative regulators (Ichihashi and Tsukaya, 2015).

The parent plants (also referred to as mother or stock plants) from which explants are
isolated play a crucial role in the response of the explants in vitro. The primary factor to
consider is that the growth of the stock plant is robust and the plants are free from disease
(Preece, 2008). In addition, the availability of nutrients, the environmental and growth
conditions of the stock plants as well as any pre-treatment regimes have effects on the
isolated explants (Read and Economou, 1987; George and Deberg, 2008; Preece 2008).
Seedlings that serve as stock plants are not only sourced in the field where they are grown
conventionally, but can also be raised in vitro. The work of Yadav et al. (2015) on Stevia
rebaudiana suggested that in vitro grown plants had more vigour in terms of weight,
height, number of leaves and leaf dimension when compared with those grown
conventionally in the field. Also, explants derived from the field and the in vitro mother
plants of Syringa vulgaris and Prunus serrulata responded differently to rooting, with
those developed in vitro having higher percentage rooting than those from the field
(Plietzsch and Jesch, 1998 loc sit Preece, 2008).

Mother plants, especially growing ex vitro, naturally harbour microbes mostly on the
surface and sometimes, systemically (George, 2008). The stock plants must therefore be
pretreated to reduce/eliminate the associated microbes before explants can be isolated for
aseptic tissue culture procedures. This is achieved by treating the stock plants with
decontaminants such as fungicides. The plants may also be treated with pesticides to
reduce insect damage and microorganism transmission (George, 2008). Although ex vitro
parent plants are usually routinely treated with fungicides and pesticides in the field (or in
the greenhouse), microbial contaminants persist in the soil and in the environment. These
microorganisms still pose as systemic and surface infection of the stock plants (da Silva et
al., 2015; Lazo-Javalera et al., 2016). Thus, the explants obtained from these seedlings are

not always ‘clean’ enough to be used for aseptic plant tissue culture.

Without the decontamination of the explants, the nutrient-rich culture media oftentimes
encourage the growth and proliferation of microorganisms, which are present within and
on the surface of the explants, resulting in contamination (George, 2008). Hence, it is
necessary to optimize a decontamination protocol that is potent enough to eliminate all the
potential contaminants without significantly destroying the cells and tissues of the

explants.
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While there are numerous reports (e.g. Sairam et al., 2003; Hoque and Mansfield, 2004;
Gandonou et al., 2005; Bilal et al., 2016) on the differing responses of explants from
different genotypes of a plant to the in vitro environment, there is a paucity of information
about how the explants that are sourced from the same plant genotype but grown in
different ways — ex vitro and in vitro — respond to plant tissue culture. The aim of this
chapter was to establish the two sources of the stock plant of Persea americana, from
which leaf pieces to be used as explants were harvested. Leaf, as the explant, is readily

available, less invasive on the mother plant and it is true-to-type of the mother plant.

2.2 Materials and Methods

2.2.1 Greenhouse parent plant materials
Seedlings of two avocado cultivars, ‘Edranol’ and ‘Fuerte’, were obtained from Rietvlei

nursery in Tzaneen, Limpopo province, South Africa and were maintained, first in the
phytotron and later in the greenhouse (Figure 2.1) under controlled environmental
conditions (26 — 28 °C, 40% humidity). The seedlings were routinely treated with
pesticide, fungicides and fertilizers as shown in Table 2.1. The pesticide used was Malasol
while the fungicides were Previcur®N and Odeon. The fertilizers were LAN bio-carbon
enriched granules, 3:1:5 (26) SR and bone meal. The fertilizers were applied in alternating
months with LAN applied in the first month while 3:1:5 (26) SR and bone meal were
applied together in the following month. The protocols and schedules of application of the

fertilizers, pesticide and fungicides were modifications of Mansoor (2018).
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Table 2.1: The application routine of pesticides, fungicides and fertilizers used to treat avocado seedlings (‘Edranol’ and ‘Fuerte’ cultivars)
maintained in the greenhouse.

Treatments Products Active ingredients Strength Brands Conc. Used Frequency of use
o ] ] Once every two
Pesticide Malasol Mercaptothion 500 g/L Efecto, South Africa 2.5 ml/L
months
Fungicid (i) Previcur®N Propamocarb — HCI 722 g/L Bayer, Germany 1 ml/L Once every month
ungicides
J (ii) Odeon Chlorothalonil 720 g/L Adama, South Africa 2ml/L Once every month
_ Limestone, Ammonium WONDER™, 59/20 L
(i) LAN ] - ) ) Every other month
and Nitrate South Africa seedling bag
) N: 87 g/Kg; ™
. B Nitrogen, Phosphorus and WONDER™, 5g/20 L
Fertilizers (ii) 3:1:5 (26) SR ) P: 29 g/Kg; ) )
Potassium South Africa seedling bag
K: 144 g/Kg Every other month
] N: 40 g/Kg; WONDER™, 50/20 L
(iii) Bone meal Nitrogen and Phosphorus i .
P: 100 g/Kg South Africa seedling bag
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Figure 2.1: Avocado seedlings maintained in the (A) phytotron and (B) greenhouse. Black arrows
indicate young leaves.
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2.2.2 Determination of decontamination method for leaf explants from greenhouse
parent plants
Fifty explants for each of six different surface decontaminants were tested. These included:

(I) 70% ethanol for 30 secs (1) 1% sodium hypochlorite (NaOCI) for 20 minutes (111) 2%
NaOCI for 10 minutes (IV) 1% calcium hypochlorite (Ca(OCl);) for 20 minutes (V) 2%
Ca(OCl), for 10 minutes and (VI) 1% NaOCI with 20 drops/L of Tween 20° for 5

minutes.

In all the treatments, the chemicals were removed by washing with sterile ultrapure water.
Young avocado leaves (chosen between the third to sixth leaves from the apex) were cut
from the seedlings in the greenhouse and transported to the laboratory in a beaker of tap
water. In the laboratory, the leaves were left under running tap water for 30 minutes after
which they were treated with each decontaminant. This was followed by rinsing three
times in sterile ultrapure water. Leaves were cut into small discs of 6mm in diameter with a
sterile punch, with each disc necessarily containing some vascular tissues. For this trial,
leaves were either punched into discs before, or after, decontamination.

2.2.3 Explant sources for callus induction
The explants of choice for callus induction were the leaves of avocado and these were

either chosen from (i) the greenhouse seedlings or (ii) plantlets/shoots grown in vitro.

2.2.3.1 Greenhouse seedlings
This entailed cutting leaf explants directly from the avocado seedlings that had been
growing in the greenhouse (as described under section 2.2.1). The details of the
preparation of the leaves for tissue cultures are discussed in a later chapter (Chapter
Three).

2.2.3.2 Invitro plantlets/shoots
In vitro plantlets were obtained in three ways: through whole seeds, axillary buds and

embryonic axes.

2.2.3.2.1 Whole seeds
To generate plantlets in vitro from whole seeds, fresh avocado fruits, cv. ‘Fuerte’, were
purchased from Johannesburg Fresh Produce market. The seeds (Figure 2.2A) were
separated from the pulp, wiped clean, coated with Benomyl powder (active ingredient:
benzimidazole; 500 g/Kg) and sealed in Ziploc bags. The seeds were processed for tissue

culture procedures within 24 hrs of removal from the fruits as follows: The seed coats of
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40 seeds were removed (Figure 2.2B) and the seeds were pre-treated with 0.5% (w/v)
ascorbic acid for 10 minutes. They were surface-decontaminated by immersion in 1%
NaOCI with 20 drops/L Tween 20° for 10 minutes and rinsed three times in sterile, ultra-
pure water. The materials were cultured, one seed per box, in Magenta boxes that each
contained 50 ml full strength MS (Murashige & Skoog), supplemented with 30 g/L sucrose
and solidified with 7 g/L agar. The medium had been autoclaved for 20 minutes at 120°C
and 121 kPa prior to being used. The cultures were kept in the growth room under 14-hour
light and 10-hour dark photoperiod at 25°C + 2°C with a photon flux density of 100

umol.m?s™,

Figure 2.2: Avocado seed (A) with intact seed coat and (B) with seed coat
removed. Scale bar = 1cm.

2.2.3.2.2 Axillary buds
Shoots that were approximately 5 — 10 cm in length were cut from the greenhouse
seedlings and the leaves removed (Figure 2.3). The shoots were left under running tap
water for 20 minutes in the laboratory after which they were dipped in 70% ethanol for 30
seconds and subsequently rinsed again under running tap water. The shoots were then
surface-decontaminated by soaking in 1% (w/v) Sodium hypochlorite (NaOCI) with
Tween 20° (10 drops/Litre) for 10 minutes and were rinsed three times in sterile, ultra-
pure water. The shoots were, thereafter, cut into 40 nodal segments of 1 — 2cm in length;
each segment served as an explant necessarily containing at least one axillary bud. The
explants were plated on a growth medium that had been previously established by Mansoor
(2018), with two explants per Magenta box. The cultures were maintained in the growth
room under 14-hour light and 10-hour dark photoperiod at 25°C + 2°C with a photon flux
density of 100 pmol.m?.s™.
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Figure 2.3: Avocado shoot isolated from
greenhouse grown material. The segment shows a
node (red circle) and an axillary bud 