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l.l.

CHAPTER 1.

INTRODUCTION.

Motivation for the study.

The aim of clonal propagation is to establish plants in
large numbers that are uniform and predictable for certain

qualities (Murashige, 1977).

This study was undertaken to satisfy the following require-

ments of the Ornithogalum breeding programme, which began at

the Vegetable and Ornamental Plant Research Institute in
1974 :-
1. A technique for fast and timely establishment of

new cultivars.

2. A technique for bulking up breeding material for

selection purposes.

The economic importance of the genus Qrnithogalum in South

Africa.

In South Africa, sixteen species of Ornithogalum are hor-

ticulturally important as cut flowers and garden plants (van
Niekerk, 1965). For the year ending February, 1987, the

Ornithogalum cut flower turnover on the local market was:-

(information supplied by Multiflora).

Quantity 76 190 (no offers for 27@6 bunches)

Value R42 ©@64,00
Average Price R@,55 / bunch.
Highest Price R5,99 / bunch.
No figures concerning the export market are available. Ex-

port arrangements are directly negotiated by growers.
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Hadeco 1is believed to be the main exporter, but declined to

comment when approached for details.

For the year ending February, 1987, the sales of Or-

nithogalum constitute the following percentages of the total

turnover of cut flowers in South Africa (information sup-

plied by Multiflora).

Month (ending 3@/31st) Percentage of turnover.
January J,03

February No figures available.
March 2,95

April 9,85

May 0,01

June No flowers marketed.
July 9,02

August g,29

September 4,61

October g,25

November ag,47

December 0,41

Considerable scope exists for expanding the commercial ex-

ploitation of the genus Ornithogalum, both in South Africa

and on the overseas market. The breeding programme at the
Vegetable and Ornamental Plant Research Institute is aimed
at improving the quality and diversity of both the cut

flowers and the plants.

Selection of Experimental Material.

The plant selected on which to test the effect of cultural

parameters was the Ornithogalum ‘Rollow'. It is hoped to

extend the results of this study to other selections in the
breeding programme. The use of ‘Rollow' was suggested

towards this end because of the broad genetic background of
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the cultivar. Limited comparisons (due to the scarcity of
donor plants) were drawn between the requirements of Or-

nithogalum ‘Rollow' and those of the species Ornithogalum

maculatum. The genetic isolation of this species found in
the breeding programme is supported by the uniqueness of its

in vitro requirements.

Description of the experimental material.

The family Liliaceae sensu lato comprising 250 genera and

37090 species, 1000 of which are represented in South Africa,
was restructured by Dahlgren & Clifford in 1982 (Perry,
1985). It has been divided into two orders: the Liliales

and Asparagales. The latter order comprises six families,

distinguished between on habit, underground parts, inflores-
cence and fruits (Perry, 1985). Members of the family

Hyacinthaceae to which the genus Ornithogalum L. belongs are

characterised as:

"Geophytes with underground parts a bulb. Leaves
basal. Inflorescence a simple raceme. Perianth parts
simple, or united at base. Fruit a capsule" (Perry,
1985).

The name of the genus, Ornithogalum is derived from the

Greek, ornithogalen meaning bird's milk. The genus is dis-
tributed throughout Europe, Western Asia and South and South
West Africa, with one species in Madagascar. A revision of
South African members of the genus was published by Ober-
meyer (1978). Fifty-four species comprising three sub-
genera are recognized:-

subgenus Aspasia (Salisb) Oberm.

subgenus Urophyllon (Salisb) Bak.

subgenus Osmyne (Salisb) Bak.

The subgenera Aspasia and Urophyllon do not interbreed and

are considered karyotypically distinct (de Villiers Pienaar

in Obermeyer, 1978). Members of the subgenus Osmyne also
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form a natural group, distinguished by sweet scented flowers
with characteristic long, exserted deflected styles and pom-

pon like stigmas (Obermeyer, 1978).

Three groups are recognized within the subgenus Aspasia, the
distinctions being made by Obermeyer (1978) on the basis of
bract characteristics. The Aspasiae and Hispidae are Cape

plants, while Angustifoliati are widespread, mostly in sum-

mexr rainfall areas.

The species Ornithogalum maculatum Jacq. (Fig. 1) belongs to

the large flowered Aspasiae where it constitutes a
cenospecies (van Niekerk & de Villiers Pienaar, 1968) fail-
ing to set fertile seed as a result of cross pollination
with other members of the subgenus. The varieties of the

species, speciosum, concolor and splendens are not upheld by

Obermeyer (1978) as these are merely larger or spotted

forms.
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Figure 1. Orcitiogaica meculatum; Jdzcc., Coll.z,

t. 18, f. 3 (iconotype). (from Overmeyer, 1978).
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The following description of the species maculatum appears
in Obermeyer:- (Obermeyer, 1978: page 340).
"Plants 0,08-0,5 m tall. Bulb obturbinate up to about
390 mm in diam. soft and juicy, with white (or brown
when dry) tunics; roots many, thin, radiating from a
basal disk. Leaves 2-5, usually synanthous, linear to
oblong or narrowly ovate, up to 150 mm lbng, 20 mm
broad, apex acute to rostrate, rarely cirrhose, bases
usually clasping, folded, erect, glabrous, glaucous,
somewhat fleshy. Raceme 1-8 flowered, sub-corymbose;
peduncle up to 450 mm long, firm; bracts usually longer
than, and clasping pedicels in lower half, broadly
ovate-acuminate, dry, papery; pedicels 10-30 mm long,
arched. Flower with spreading, yellow, golden orange
to bright orange-red perianth segments, the outer
usually with a black spot or transverse, wavy line or
transparent blotch at or near apex; segments elliptic
to obovate, 10-25 mm long. Stamens erect, about half
as long as segments; filaments subulate, inner often
wider. Ovary oblong-globose, obtusely angled, pale
yellow or green, abruptly narrowed into a very short
style and capitate stigma with 3 decurrent papillate
lobes; ovules multisterate. Capsule ellipsoid; seeds
minute, 1 mm, cuneiform, somewhat tongue-shaped below,

densely wrinkled, black, shiny. Chromosomes: 2n=12.

Recorded from the western Cape, Namagqualand to
Malmesbury, Montagu and Laingsburg, in shallow, sandy

rock pockets. Flowering September-October."

A description of the Ornithogalum ‘Rollow' was prepared

based on a minimum of thirty observations per

characteristic, unless otherwise stated:-
Plants 366 +/- 92 mm tall ( n = 9). Bulbs very

widely ovate to depressed ovate, mass 6,4 +/- 2,4

g in the second season of flowering, carnose, with
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brown semi-folded tunics. Roots numerous,
radiating from central basal disc. Leaves 9,6
+/- 1,5 per plant, protantherous, linear to nar-
rowly oblong, 235,5 +/- 33,6 mm in length, 23,2
+/- 3,4 mm broad, inclined, straight to adaxially
conduplicate, glaucous, carnose, yellow-green (RHS
144 A); apex acute, involute; bases clasping; mar-
gins ciliate. Raceme 34,4 +/- 10,4 flowered ( n
= 9 ); peduncle 227,6 +/- 23,5 mm long ( n = 20 ),
yellow-green (RHS 144 A); bracts 19,9 +/- 4,5 mm
long and 10,3 +/- 1,2 mm wide, lower half clasping
the pedicel, ovate, yellow-green (RHS 144 C);
pedicels 13,6 +/- 4,4 mm long circular, straight,
yellow-green (RHS 144 A). Flower 35,5 +/- 4,5 mm
in diameter, unscented; tepals 18,0 +/- 2,2 mm
long and 9,05 +/- 1,8 mm broad, rhombic to
obtrullate, yellow-green (RHS 152 B) tepal base,
blending to yellow (RHS 8a/8b); stamens 6,7 +/-
1,2 mm long, inclined straight, terete, yellow
(RHS 8a); ovary oblong-globose, obtusely angled,
yellow-green (RHS 152 A); style 3,1 +/- @,5 mm
long, 3 decurrent papillate lobes, yellow (RHS 12
A); ovules multiseriate. Capsule ellipsoid.
Seeds 1 mm long, cuneiform, somewhat tongue shaped
below, densely wrinkled, black, sclerous.

Chromosomes: 2n = 18.

The genetic background to the cultivar appears 1in the
Appendix. Flowering from October to approximately 7
December. (RHS refers to the colour chart of the Royal

Horticultural Society).

Experimental Approach.

Towards clonal propagation of the study material, procedures
were developed to optimise initial explant characteristics,

nutrient formulations as well as the cultural environment.
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The most important determinant of the rate of in vitro in-
crease and the quality of the regenerated plants is the ini-
tial explant. In this study the influence of physical

characteristics of Ornithogalum ‘Rollow'explants on explant

viability were examined.

Generally, extant media are adequate for plantlet initiation
in vitro (Gamborg et al., 1976). However, growth yield is
determined by the chemical composition and the physical
gualities of the medium. The influence of phytohormones,

carbohydrates, agar and pH on growth yield are discussed.

In practice, it has been observed that the optimum cultural
environment is the one that most closely simulates the
plant's natural habitat. The effect of culture temperature

on growth yield is assessed.

The propagation method used was the establishment of adven-
titious shoots and bulbs directly on the explant. Or-
ganogenesis was stimulated using moderate amounts of auxin
and cytokinin. A drawback of this technique is the in-
creasing genetic variability and diminished multiplication
rates associated with repeated subcultures (Hussey, 1976).
An advantage of the method over other techniques is that
success 1is more consistently achieved than in the cell
embryogenesis method and it is more rapid than the enhanced

axillary branching method (Murashige, 1977).

In analyses of growth yield, the relationship between the
plant and its environment are investigated (Hunt, 1978).
In the process, however, little information is gained about
the fundamental physiological processes which govern the
reaction of plants to their environment. Despite this
drawback, valuable clues, although not detailed explanations

may sometimes emerge (Hunt, 1978).
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CHAPTER 2.

MATERIALS AND METHODS.

2.1 The donor plants.

2.1.1 The bulbs.

Bulbs of Ornithogalum ‘Rollow' and Ornithogalum maculatum

were used in the study. Ornithogalum ‘Rollow' bulbs were

clonally derived through tissue culture from the Or-

nithogalum breeding programme. Ornithogalum maculatum

bulbs were collected from shallow, sandy, rock pockets
southwards from Springbok and also in the vicinity of

Calvinia, Laingsburg and Malmesbury.

The bulbs were stored in an incubator at 229 +/- 2°C in
sterilized vermiculite after being treated for 30 minutes
with an aqueous solution comprising @.2 % Benlate (a.i. 50 %
benomyl) and 1.5 % Difolatan (a.i. 48 % captafol), to
prevent bulb rot. The bulbs were stored from lifting (mid

January) to planting.

The bulbs did not require vernalization in order to grow,
although overseas workers report a high temperature require-
ment to break dormancy in Ornithogalum thyrsoides bulbs

(Tompsett,1985; Shoub & Halevy,1971).

2.1.2 The plants.

Ornithogalum bulbs were planted in March, although planting

from mid-February to mid-May is feasible (Eliovson,1957).
A potting mix of two parts sandy loam and one part equal
portions of leaf mould, peat and sand was used, good
drainage being essential. Bulbs were placed in 15 cm
diameter plastic pots at a depth of approximately 5 cm.

The bulbs were grown in a commercial glasshouse covered
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with 40% shade cloth at a temperature of 22°C +/- 2°c.

The bulbs were watered once a week at the beginning of the
growing season, and 2-3 times a week when they were
established. When the foliage began turning yellow, water
was gradually withheld. Growth stimulants at half the
recommended dosage wexre applied once a month while the bulbs

were in full growth.

Selection of donor material.

Healthy, mature donor organs were selected from donor plants
prior to anthesis (unless otherwise stated). Senescent or-
gans were avoided although this wusually happened after
anthesis. Dyer (1976), observed that the onset of senes-
cence after anthesis varied among species. Some species,
therefore, probably yield viable explant material after

anthesis.

Sterilizing donor material.

Donor organs were sterilized to remove surface contaminants.
The sterilizing technique used was only slightly modified
from that described by Nel (1981). The donor material was
rinsed in running tap water and blotted dry to remove any
soil particles. All water used for subsequent steriliza-
tion steps was distilled and deionized. Donor organs were
dipped in 70% ethanol. The material was soaked in a 1,5%
(w/v) sodium hypochlorite solution for 15 minutes. Five
drops of Tween 80 were added to this solution as a wetting
agent to reduce the surface tension of the aqueous phase and
increase its contact with the explant material. The donor
organs were then rinsed three times in water, and left to

soak 1n the last rinse for 15 minutes.
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The explant.

Leaf explants were divided into one square centimetre
sections. Unless otherwise stated, explants from the basal
quarter of leaves were used. Inflorescence stalks were sec-
tioned into cylinders 1 cm in length. Inflorescence bracts
were detached and used as explants after trimming the site

of detachment.

The basal medium.

The medium of Nel (1981) was used (Table 1). This is based
on the medium of Murashige & Skoog (1962) as amended by
Linsmaer & Skoog (1965).
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Table 1. Constituents of Nel's (1981) growth medium.

Macro-elements. Concentration.

NH, NO4 1650 mg. dm™3 20,60 mmol. dm~3
KNO5 1900 mg. dm~3 18,80 mmol. dm~3
CaCl, 2H,0 449 mg. am™3 2,99 mmol. dm~3
MgSo, 7H,O 370 mg. dm~3 1,50 mmol. dm~3
KH, PO, 17¢ mg. dm~3 1,25 mmol. dm~3
NaFeEDTA 25 mg. dm=3 68,00 umol. dm™3

Micro-elements.

H4BO4 6,200 mg. dm™3 100,00 umol. dm™3
MnSO,4 H,0 22,300 mg. dm~3 100,00 umol. dm™3
ZnS0, 7H,O 8,600 mg. dm™3 29,90 umol. dm™3
KI 0,830 mg. dm™~3 5,00 umol. dm™3
Na, MoO, 2H,0 ©,25¢ mg. dm™> 1,03 umol. dm™3
CusO, 5H,O 3,025 mg. dm~3 @,10 umol. dm™3
CoCl, 6H,0 0,025 mg. dm™3 @,11 pmol. dm~3

Organic Constituents.

Sucrose 30,0 g. dm™3 87,60 mmol. dm~3
Agar 7,86 g. dm™3 7,00 g.dm™3

Thiamine.HCl (Vitamin Bl) ©,5 mg. dm~3 1,36 amol. dm™3
Meso-Inositol 109,90 mg. dm~3 555,00 pamol. dm~3
Napthaleneacetic Acid(NAA) 4,1 mg. dm—3 2,57 upmol. dm~—3
Benzylaminopurine (BAP) 2,0 mg. dm=3 8,88 umol. dm™3

In place of a combination of sodium EDTA and ferrous
sulphate, as suggested by Linsmaer & Skoog (1965), NaFeEDTA
was used, thus reducing the concentration of sodium ions in

the medium.

The level of thiamine.HCl (vitamin Bl) in the Linsmaer &
Skoog (1963) medium was raised from 4,1 to 9,5 mg.dm"3 in
Nel's (1981) medium. The requirement for an increased

thiamine.HCl concentration in the medium probably stems from
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the higher pH (6,2) of gel's medium as opposed to that of
Linsmaer & Skoogs (pH 5,6). In the autoclaving process,
thiamine.HCl is increasingly inactivated with increasing pH
(Linsmaer & Skoog, 1965).

For experimental purposes, certain constituents of the above
media were modified. In these instances, modifications are
noted in the introduction to the relevant chapters. In all
instances the medium as specified was used to serve as the
control. Plant hormones were added to the media at the

concentrations stated unless otherwise specified.

Media preparation.

All media constituents were added prior to autoclaving.
Media were dispensed in 19 ml volumes into rimless borosili-
cate test tubes (12,5 x 160 mm). The tubes were plugged
using non-absorbent cotton wool and capped using heavy duty
aluminium foil (lighter grades develop pinholes). The foil
caps were necessary, as medium condenses on the cotton wool
during the autoclaving process, and fungal growth occurred
on these during subsequent storage and incubation. The
tubes were autoclaved at 1@3 kPa and 121°C for 20 minutes
(Dodds & Roberts, 1982).

Sterilization of equipment and work surfaces.

Instruments, flasks and other materials which were
autoclaved were wrapped in paper. Airborne contaminants
were eliminated using a laminar flow cabinet (Fibatron, SA).
The work area was subjected to UV radiation for 15 minutes
before use, and sprayed with 70 % EtOH at frequent
intervals. Instruments in contact with explant material
were dipped in 80 % EtOH and flamed at regular intervals

during use to surface sterilize them.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



2.8

16

Culture conditions.

Explants wexre cultured in grOwth chambers or cabinets under
the conditions recommended by Nel (1981), unless otherwise
stated. The temperature was a constant 22°C +/- 2°cC.
Lighting was supplied for a 16 hour photoperiod using Phil-
lips ‘TL' 4@W/33 fluorescent lamps with an irradiance at ex-
plant level of 24 970 mW.m™2 and an illuminance of 8 300

lm.m’z.

Temperature experiments were conducted in growth cabinets
where the temperature was monitored using a thermocouple.
One of the problems that occurs in growth chambers is that
rapid temperature fluctuations are underestimated when using
thermographs or laboratory thermometers. Although 1if
calibrated accurately these instruments are accurate to 4,5
OCc, the slow response time of the instrument may result in

erroneous recordings.

Under in vitro conditions, temperatures monitored seldom
correspond to those of the plant tissue (Downs & Hellmers,
1975). Plant tissue acts a black body, absorbing heat from
its environment at temperatures below 28°C (Downs &
Hellmers, 1975). Little heat is lost through conduction
and convection and if the walls of the tube or cabinet are
warmex than the tissue they will add to the radiant energy
absorbhed by it. Fluorescent tubes, rather than incandes-
cent lamps, were used in this experiment as they emit less
energy in the infrared than in the visible spectrum.
Despite discrepancies which occur, temperature measurements
provide a rough guide to the growth conditions suitable for

rapid propagation of plant material.

Experimental design.

Factorial experimental designs were used in this study.
This experimental design 1is appropriate to exploratory

studies, where a number of factors are involved in determin-
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ing the observed response and where results must lead to
recommendations that have application over a wide range of

conditions.

According to Cochran & Cox (1957), factorial analyses have
the advantage of allowing the study of factors, which may or
may not be independent of one another, over a sufficiently
wide range of combinations to form a basis for understanding
their interaction (or lack of it), while obtaining as much
information about each factor as if it had been studied

separately.

The disadvantages of factorial analyses are their size,
which makes them labour intensive and time consuming, and
leads to a bewildering array of possible treatment
comparisons, which may be difficult to interpret (Cochran &
Cox, 1957).

Before deciding on the factor combinations (called
treatments) to be used, it is important to assess the use to
which the results are to be put. Treatments not relevant

to experimental objectives should be excluded.

Including a control in the experiment provides a more ac-
curate estimate of the average treatment effect and reveals,
by comparison, the effects of the treatments, at the expense
of some loss of accuracy between the treatment comparisons
(Cochran & Cox, 1957). If the effectiveness of the treat-
ment has been demonstrated previously, the control may be
omitted. In this study, the culture conditions of Nel
(1981) served as the control.

Incorporated into the experiment must be some method for
eliminating experimental bias. This occurs when one treat-
ment is successively handicapped or favoured in an experi-
ment by some source of extraneous variation, known or

unknown. In this study, complete randomization of explants
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J
between treatments was achieved by shaking explants prepared

for culture in a bottle before subculture.

The number of replicates should be as large as is practi-
cally possible, as this determines the accuracy with which
treatment effects can be determined. All treatments used
in the study comprised twenty replicates. Howéver, un-
foreseen losses through contamination and test tube breakage

often reduced the number of replicates involved.

Experimental parameters.

The data collected concerning the effect of an experimental
variable may be qualitative or quantative, and will vary

depending on:

1. The use to which the experimental results are to be
put. Experiments aimed at increasing the number of
plants derived from a given explant for rapid multi-
plication purposes emphasize the number of individuals
produced as well as the biomass per individual. The

quality of these individuals is also important.

2. Practical considerations. Factorial analysis aims at
assessing the effects of experimental variables on ex-
plant productivity over a wide range of conditions.
The type of data that can be collected depends on the
amount of labour involved in collecting the data,
available equipment, the size of the experiment and the
need to work under sterile conditions where repetitive

measurements are involved.

Generally, it 1s necessary to use more than one parameter
when assessing the effect of an experimental variable as the
influence of the variable need not be the same on all
parameters. Quantative and gqualitative data wexe con-

sidered during this study.
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2.10.1 Qualitative Data.

Qualitative data is subjectively determined. Because of
its inherent inaccuracy, a minimum of subjective data was

accumulated.

Chlorophyll Content. The presence or absence of the

chlorophyll pigment in explants was successfully used by
Yamada et al. (1978) as a marker in selecting for
photoautotrophism. Chlorophyll content appears related to
explant viability in terms of plantlet production in

Oornithogalum.

2.10.2 Quantitative data.

Three categories of quantitative data were collected in this
experiment; demographic data, data concerning growth, and
data on the water potentials of nutrient media. Demography
is the study of population dynamics - the emphasis is on
describing and interpreting changes that occur in the number
of individuals. Growth analysis 1is concerned with changes

that occur in the biomass per individual (Hunt, 1978).

2.19.2.1 Demographic Data.

a.) The number of plantlets per explant. These provide

valuable information where the experimental emphasis is
on maximising the numbex of individuals per explant.
In instances where the plantlets were too numerous to
count, the incidence of plantlets was calculated as the
percentage of the explant surface they occupied. To
avoid variation between estimates, these were made by
the same person for the entire experiment.

b.) Shoot length. This was determined to the nearest

millimetre, using a ruler.

c.) Root counts. In some instances the presence of roots
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on in vitro plants determines their ability to survive

in vivo. Unrooted in vitro plants have, however, been

shown to survive in vivo subculture.

d.) Contamination. The presence of contaminating microor-

ganisms on explants was noted.

2.10.2.2 Growth Analysis Data.

Explant mass.

Mass determinations are more rapidly arrived at than
plantlet counts. Furthermore, they are mechanically deter-

mined and thus less subjective.

As the large numbers of plantlets and their small masses
precluded individual mass determinations, mass changes were

calculated as the rate of biomass accumulated per explant.

The mean absolute growth rate (G) was used to monitor the

change in explant mass over time (Hunt, 1978):-

1-26 = M - M
2T - 4T
Units = mass.time"l

Where ;M is the mass of the explant determined at the end of
the specified culture period (,T)
1M is the initial mass of the explant prioxr to

culturing (;T)

Where the parameter, ;M was unknown, mass changes over time

were calculated as:-

Percentage change in fresh mass = (,M - 3M) x 100%
3M
Where 3M 1is the explant mass measured first during a

specified culture period (,T).
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To determine the efficiency with which explants accumulated
biomass in vitro, the relative growth rate was calculated
(Hunt, 1978):-

l_zﬁ = (lOge 2M - loge ].M)
2T - 1T

This formula was used only to a limited extent as it has to
be assumed that all biomass is equally capable of producing
more biomass. Furthermore, log masses do not lend them-

selves to easy interpretation.

Of the three calculations, only R supplies information con-
cerning the relative efficiency of biomass accumulation by
the explant relative to the initial mass of the explant.
The other calculations monitor the change in biomass over

time (Hunt, 1978).

i) Fresh mass determinations.

During experiments fresh mass was measured at pre-
determined intervals to three decimal places, using a

top loading balance.

ii.) Dry mass determinations, and calculations of the

percentage moisture content of explants.

In order to determine whether increases in the fresh
mass of explants resulted from growth processes, or
from an increase in the water content of the tissues,
the percentage moisture content of the explants was

calculated on a fresh mass basis as:-

Water content = 108% x Mg - My
Mg
Where Mg = Tissue fresh mass
M3 = Tissue dry mass

To dry the explants, the microwave drying technique of

Ferreira (1982) was used. This technique has the ad-
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vantage of being more rapid than conventional oven
drying techniques. The minimum drying time was found
to be 40 minutes in a 2450 MHz microwave oven (Table
2).

Table 2. The effect of drying time on the moisture content
of Oornithogalum ‘Rollow' leaf explants.

Drying time Mean moisture content (%) -1
(minutes). = 1900 x Mg - My

30 619 198
35 719 80
49 772 62
45 780 63
n=5

On Nel's (1981) medium, the moisture content of Ornithogalum

‘Rollow' explants was 98 +/- 1,5% of the total fresh mass (n
= 14).

2.19.2.3. The water potential ( § ) of the culture medium.

The water potential of a solution depends on the total num-
ber of solute particles (molecules or ions) in solution,
rather than their kind, or their charge (Salisbury & Ross,
1985). In a solution which consists of different solutes,
the water potential is the sum of the individual water

potentials contributed by each of the solutes.

The water potential of the medium is measured using the
vapour equilibration method, the pressure of water vapour in
equilibrium with the water in a medium sample enclosed in a
small chamber 1is measured with a screen cage thermocouple
psychrometer. This method 1is generally regarded as the

most accurate of all methods for measuring water potential.

When isothermal conditions are achieved (the temperature of
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the air, medium and psychrometer are all equal), a current
(5 mA) is passed through the chromel junction of the
chromel-constantin thermocouple for about 15 s, cooling it
to about @,6 ©C. If the thermocouple is cooled to below
the dewpoint of the atmosphere surrounding it, water will
condense on the junction. Following a specified cooling
period, the current is switched off, and the water condensed
onto the junction begins to evaporate back into the sur-

rounding atmosphere.

When the water evaporates from the sensing junction, the
junction will be cooled. The rate of evaporation of water
from the sensing junction is determined by the vapour pres-
sure in the chamber and hence the water potential of the
medium. An electromotive force proportional to the dif-
ference in temperature between the sensing and reference
junction is generated. This is known as the Peltier

Effect.

Where the atmosphere adjacent to the thermocouple is at
saturated vapour pressure, ambient and dew point temperature
will be identical and water will not evaporate from the
sensing junction. The situation corresponds to @ kPa water

potential (@ microvolt readout).

Samples of the culture media were introduced into the screen
cage thermocouple (Merrill, Utah) on 1 x 2 cm strips of
Whatman # 1 filter paper (Whatman Ltd., England) and the
chamber was allowed to equilibrate in a water bath overnight

at 30°C before readings were taken.

Statistical analysis of results.

Variability is characteristic of experimentation. Because
of this, the problem of drawing conclusions from an experi-
ment is one of induction from the sample to the population.

The statistical theories of estimation and hypothesis test-
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ing provide answers which have a known and controlled prob-
ability of being correct (Cochran & Cox, 1957). This in-
formation allows the experimenter to make decisions based on

experimental results.

A statistical hypothesis is one that asserts something about
the form of the population being sampled (non-parametric) or
about the parameters of the population, the form being as-
sumed (parametric). The distribution of data used in these
experiments was assumed to be normal, or checked for nor-
mality using histograms and univariate plots from Biomedical
Data Processing's P-series (BMDP) 5 D programme (Dixon,
1985).

There are two major reasons why data is assumed to be nor-
mally distributed (Stuart, 1967); firstly, according to the
central limit theorem, the majority of statistics (any func-
tion of experimental observations) in common use have sam-
pling forms which tend to normal forms as the sample size
increases. Secondly, the applications of "normal theory"
tend to be relatively insensitive to departure from

normality. This feature is known as robustness.

Missing data was estimated using BMDP's AM programme
(Dixon, 1985). Although estimation techniques can be used
to substitute values for data missing as a result of con-
tamination and test tube breakage, the percentage of es-
timated data should be minimal to ensure accuracy of
results. In this study, not more than 20% of the total ob-
servations were estimated while not more than 50% of any
given case (the measurements made on a given replicate in a

treatment) was estimated.

Factorial analysis was used to study the effect variables
had on a given parameter and the interaction bhetween these
variables. A casual explanation of a hypothesis could be

destroyed by empirical evidence, but it could not be proved.
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The fact that two variables had apparently similar effects,
did not logically imply that there was any causal

relationship, direct or indirect, between them.

The majority of estimation problems are approached and
solved by using test statistics (a function of a sample of
observations that provides a basis for testing a statistical
hypothesis) based on maximum likelihood estimates (which
maximise the ratio of likelihood estimates under the condi-
tions of the null hypothesis to the absolute maximum of the
function). These test statistics are always distributed in

Fischer's variance ratio form (Stuart, 1967).

Regression analysis was used to study the dependence of
variables on one another. Linear regressions were carried
out according to Brown & Hollander (1977). Curves estab-
lishing the quadratic relationship between medium water
potential and pH were established using Genstat V (copyright
Lawes Agricultural Trust, 1984).

Analyses of variance and covariance are distinguished on the
basis of the variables involved. In the analysis of
variance, the variables are called attributes (the data
specifies whether or not a particular event occurred during
the culture period). In an analysis of covariance, one or
more of the variables is numerically specifiable (e.g. the

explant mass ).

Analyses of variance and covariance were performed using

BMDP's 2 V and 7 D programmes (Dixon, 1985). The omnibus
hypothesis that there were no differences between sample
means was tested. For treatments, the omnibus hypothesis
was: -
H =p0) =0 = c0ee = g
Where pu; = The mean of the first treatment
My = The mean of the kth treatment.
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Where differences between means were detected, these dif-
ferences were quantified using multiple comparison tests.
The tests used include the t-tests of Bonferroni & Sidak
(Dixon, 1985) and the multiple range test of Student-Newman-

Keuls.

The test of the omnibus hypothesis has the disadvantage of
being very conservative. It is e{juivalent to the Scheffe
procedure, guarding against error in all possible contrasts
(Brown & Hollander, 1977). When a particular small set of
contrasts was of special interxrest, the omnibus hypothesis
was disregarded and tests of the specific contrasts were
done, adjusting the level of significance to take into ac-
count only the small number of inferences that were of in-

terest (Brown & Hollander, 1977).

In this study, the technique for calculating contrasts as
supplied by Brown & Hollander (1977) was used. Where con-
trols were not suggested by the experimental design, the
Scheffe procedure for calculating confidence intervals was

used.

Chi squared tests were also used in this study (Dixon,
1985). The sum of squares of k independent normal observa-
tions where each observation emanates from a normal dis-
tribution with mean zero and standard deviation one, is the
Chi squared distribution with one degree of freedom (Brown &

Hollander, 1977).

In this study, BMDP Chi square tests were used. Where
significant differences bhetween the treatment means
occurred, the significance of these was further assessed,
adjusting the results to take into account only the treat-
ment comparisons of interest. Where sample sizes involved
were bhorderline, Yates' continuity correction was used

(Brown & Hollander, 1977).
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Where variables interacted in a puzzling way, prolonged
study of the results or additional experiments was
necessary. The problem being that the phenomena involved

were complex, not that the experimentation was faulty.
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CHAPTER 3.

THE INFLUENCE OF PHYSICAL CHARACTERISTICS OF ORNITHOGALUM
"ROLLOW' EXPLANTS ON EXPLANT VIABILITY.

The initial explant determines the quality of regenerated plants.
In the absence of a suitable explant, success is limited, in
spite of optimum provisions of nutrient formulations or culture

environment.

This chapter is divided into five sections, each of which as-
sesses the impact of some explant characteristic on explant

viability.

Section 1l.Growth and regeneration of explants from

various Ornithogalum ‘Rollow' organs at

anthesis.

Section 2.The optimal explant site on Ornithogalum

*Rollow' leaves in terms of regenerative
ability in vitro.
Section 3.The effect of explant orientation relative
to the culture medium on growth yield in vitro.
Section 4.The influence of wounding, a mechanical stress

on plantlet regeneration from Ornithogalum

‘Rollow' explants in vitro.
Section 5.The influence of explant size on the

productivity of Ornithogalum ‘Rollow' explants.
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3.1 SECTION 1. Growth and regeneration ot explants from various

ornithoyalum ‘Rollow' organs at anthesis.

3.1.1 Introuuction.

Selections of Ornithogalum plants for breeding purposes can

only be made during anthesis. At. anthesls, Ornithogalum

‘Rollow' leaves begyan to senesce, reducing their regenera-
tive potential. To prevent tne loss of a season between
plant. selection and clonal propagation, alternative explant

sources to leaves were sought at anthesis.

After a third of the flowers on the 1ntlorescence opened the
regenerative ability of 1,0 x 1, cm leaf base explants, 1,0
cu long 1nflorescence stalk explants and the bracts, in the
axlls from which branches of the raceme arise were compared.
Arpitrarily, the inflorescence stalk below the branches was

divided 1in half. 1The proximinal end, closest to the bulb
1s referred to as downstalk and the distal end, closest to

the flowers 1s referrea to as upstalk.

Nel's mealum (1981) containing ©,1 mg.am-3 NAA and 2 mg.dm_3

BAP was used 1n tne experiment. The duration ot the cul-
ture period was s1X weeks. Alter three and six weeks,
fresh masses were dudetermined. At the end of thne culture

period, the nunber otf plantlets per explant and the number
ot explants lacking chlorophyll were noted. In total, &8

explants were 1involveu 1n the experiment.

The number of plantlets produced per nundrea explants was

extrapolatea from the number of plantlets produced.

Apbsolute growtn rates (G) were calculated from the fresn
mass data (Hunt, 1978). The distrioution of the absolute
growth rate data was checked for normality using BiMDP

progyramme 5D (Dixon, 1985). A parametric variance
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analysis was carried out using BMDP programme 2V (Dixon,
1985). The significance of the treatment effects was

assessed using pairwise t-tests.

Absolute growth rates depend on initial explant mass. As
explant masses differed significantly, G can not be con-
sidered an adequate basis for comparing different explant
sources. For this reason, the relative growth rate (R) was
calculated, to supply information about the relative ef-
ficiency with which different explant sources accumulate

fresh mass.

The number of explants lacking chlorophyll was extrapolated
from the number of explants from each donor organ lacking

chlorophyll.

The incidence of contaminated explants was recorded as a
percentage of the total number of explants used for each

treatment.
3.1.2 Results.
3.1.2.1. The effect of the donor organ of Qrnithogalum ‘Rollow’

used as a source of explants on adventitious shoot for-

mation in vitro.

At anthesis, the bracts of the inflorescence when used as
explants are the most prolific source of adventitious shoots

(Table 3).
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Table 3. Expected number of adventitious shoots per hundred

alum ‘Rollow' explants after six weeks in

vitro.

Site of explant Number of Adventitious shoots.

on the donor organ.

Bract 569
Leaf 5@
Upstalk 3.
Downstalk o

Adventitious shoots began to differentiate asynchronously on
the explants after three weeks in culture. Inflorescence
stalks could not be considered satisfactory explant sources,
as these failed to differentiate plantlets in vitro ({Table
3).

3.1.2.2._ The effect of the Qrnithogalum ‘Rollow' donor organ
used as an explant source on the rate of fresh mass ac-

cumulation ip vitro.

A check on the normality of the experimental data showed
that, after three weeks in culture, the mean absolute growth
rates of the inflorescence stalks were sufficiently distinct
from those of the leaves and bracts to be considered a dis-
tinct population. After six weeks 1in culture, explants
from all organs showed similar absolute growth rates (Figure
2).

Despite the initial lack of normality in the data (Figure
2), a non-parametric variance analysis was performed which
makes no assumptions based on the distribution of the data
(Table 4). The F-value obtained is robust for lack of

normality.
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Table 4. Results of a mon-parametric analysis of covariance

to determine the effect of the donor Ornithogalum
‘Reollow' on the absolute growth rate of explants.

Absolute Growth Rate. 3_gG 6-@G

Variance Ratio.

Treatment 22,16 ¥ 1,55

Equality of means test, variances not assumed equal.

Welch 24,49 ** 2,30

Brown-Forsythe 23,61 ** 1,57

Levene's test for

equality of variance 5,44 b 2,80

** : Highly significant result, Reject HP at p = 9,01

Where 3_95 = (Fresh mass after 3 weeks - fresh mass
initially) = Time interval.
6—06 = (Fresh mass after 6 weeks - fresh mass

initially) = Time interval.
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The variance analysis showed that the absolute growth rate
of explant sources differed significantly during the first
three weeks of the culture period only (Table 4). These
differences may be attributed directly to the different ini-
tial mééses of the explants used in this experiment. Pair-
wise t-tests (p = 0,01) reveal that inflorescence stalk ex-
plants with the highest initial masses (Figure 3) show the
greatest fresh mass accumulation during this period (Figure
3.1). After three weeks in culture no distinction between
the explant sources on the basis of their absolute growth

rates could be made (Figure 3.1).

Absolute growth rates supply no information about the rela-
tive efficiency of fresh mass accumulation (Figure 3.1).
This information 1s supplied by mean relative growth rates

(Figure 3.2).

During the first three weeks in culture, the relative growth
rates of all explants were similar (Figure 3.2). After
three weeks in culture, plantlets started to differentiate
on leaf and bract explants. The accumulating biomass of
developing adventitious plantlets resulted in an increase in
the relative growth rates of these explants (Figure 3.2)
which was proportional to the number of plantlets initiated
(Table 3).
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3.1.2.3. How tne cnloropnyll content of explants from different

organs of yruithogaluw “kollow' affects in vitro growth

and regeneration.

Leaf explants contained more cnloropnyll than explants from
other organs (Table 5), despite tne onset oOf leaf- senescence

at anthesis.

Table 5. Lxpected number of explants lackinyg chlorophyll

per hundred Ornithogalum "Rollow' explants cul-

tured 1n vitro for six weeks.

Site of explant Number of explants
on donor orgaill. lacking chlorophyll.
Bract 59

Leaf 28

Upstalk 04

bownstalk 04

No relationshlp was observed between the chlorophyll content
of explants and the regenerative ability of organs from
which they were derived (Table 5). However, once
cnlorophyll was lost, explants no longer ditfferentiated
plantlets. The chlorophyll content of explants was not al-
tered by supculturinyg, although previously differentiated

plantlets contain chlorophyll and continue developing.

3.1.2.4. The visible contamination rates observed 1in explants

taken rrom various plant organs.

The rate of visible contamination of the diftferent explant

sources was recordea after six weeks in culture (Table 6).
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Table 6. Visible Contamination rates for explants taken

from various organs of Ornithogalum ‘Rollow'.

Site of explant % Contaminated explants.

on the donor organ.

Bract 9
Leaf 14
Upstalk 14
Downstalk ]
3.1.3. Summary of results.
. At anthesis, in terms of efficiency of fresh mass

accumulation (R) and plantlet initiation, inflorescence

bracts were the most productive source of explants.

. Leaves and inflorescence stalks at anthesis were un-—
suitable explant sources and failed to differentiate

sufficient plantlets for rapid multiplication purposes.
. The number of plantlets produced in vitro corresponded
well with the efficiency with which fresh mass was

accumulated.

3.1.4. Discussion.

The regeneration of members of the genus Ornithogalum

through tissue culture from various organs 1is extensively
reported in the literature (Hussey, 1975; 1976; Klesser &
Nel, 1976; Nel, 1981; Chung et al., 1984). Propagation of
these plants from leaves (Nel,1981), bulb scales and in-
florescence stalks (Hussey, 1975; 1976) and from stigma,
style and ovary tissues (Chung et al., 1980) has been

reported.
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The viability of different organs as sources of explant
material differed on Nel's (1981) shoot multiplication
medium. At anthesis, the bracts in the axils of the raceme
branches were the most prolific explants. Leaf explants
were viable but produced fewer plantlets, while inflores-
cence stalks when used as explant sources failed to produce

plantlets.

Plantlets began to differentiate on explants after three
weeks 1in culture. After six weeks in culture, explants
differentiating plantlets showed higher relative growth

rates than those on which plantlets failed to differentiate.

Absolute growth rates are dependent on initial explant mass.
Where these differ significantly when explants from dif-
ferent organs are used, or of different sizes, they supply
no information about the efficiency of fresh weight ac-
cumulation by explants. A relationship was observed bhe-
tween the chlorophyll content of the explants and the donor
organ from which they were derived. No relationship ex-
isted between the chlorophyll content of explants and their

regenerative ability.

Leaf explants showed the highest incidence of chlorophyll,
which may be an indication of a higher cytokinin concentra-
tion in these tissues. Cytokinin is known to delay
chlorophyll breakdown and senescence (Letham,Goodwin &
Higgins, 1978), however, other hormones are also known to be

involved in regulating these processes.

The ability of explants to differentiate plantlets repre-
sents control at the gene level. Differentiation results
from altered enzyme levels in the cells (Bonner in Rawal &
Mehta, 1982). The inability of certain organs to differen-
tiate plantlets under media conditions considered optimal in
the literature, is attributed to the stage of development of

these organs. Scott et al. (1979) noted that under stress
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conditions, mature tissues lose their ability to synthesize

certain proteins.

Dyer (1976) noted that the onset of senescence among members

of the genus relative to anthesis varied. In Ornithogalum

‘Rollow', leaf senescence was linked to temperature and
water stress under glasshouse conditions, while plantlet
differentiation by explants stopped with the loss of
chlorophyll from explants.

Certain organs appear to have higher contamination loads
than others. The contamination load is a function of the
disease status of the donor plant, the age of the organ and

its exposure to micro-organisms in the soil and air.

3.2. Section 2. The optimal explant site on Ornithogalum

"Rollow' leaves in terms of regenerative
ability in vitro.

3.2.1. Introduction.

Before anthesis leaves are suitable as sources of explant

material for mass propagation of Ornithogalum plants. They

are abundant, obtained with minimal damage to the donor
plant and are relatively free of micro-organisms (Niimi &
Onozawa, 1979; Klesser & Nel,1976). Nel (1981) estimates

that one leaf of an Ornithogalum cultivar propagated in

vitro yields 1@4 plants in a growing season and these flower

within ten months.

A decline in the regenerative ability of explants along the
length of the explant organ has been noted in Lilium (Niimi

& Onozawa, 1979) and Lachenalia (Klesser & Nel, 1976) and

Narcissus (Denne, 1960). In order to optimise regeneration
in vitro, the productivity of explants from four sites along

the length of leaves was assessed.
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Five mature Ornithogalum ‘Rollow' leaves were detached from

each of three Ornithogalum donor plants prior to anthesis.

Leaves were transversely sectioned into four pieces. The
distal portion, closest to the bulb was called the leaf base
and sequential portions of the leaf were referred to as

midbase, midtip and leaf tip.

Explants 1,0 x 1,0 cm were subcultured for two eight week
periods on Nel's (1981) basal medium containing 4,1 mg.dm"3
NAA and 2,0 mq.dm'3 BAP. Growth was expressed as the per-
centage change in mass of the explant over 4 to 8 weeks, 8

to 12 weeks and 12 to 16 weeks, using the formula:

(b M - 3M ) x 100 = % change in fresh mass

where M is the mass measured first in time during a
specified culture period, and oM is the mass measured at the
end of the specified culture period. This gives the % in-
crease or decrease from ;M to ,M. Forty-eight explants

were considered.

The number of plants present on the 160 explants involved in
the study were determined as a percentage of the explant
surface occupied by plantlets, at weekly intervals for
twelve weeks. This was necessary as differentiating

plantlets were too numerous to count in many instances.

Analyses of variance were carried out to assess the relative
importance of the experimental variables. The significance
of the treatment effects were assessed using the multiple
comparison tests of Bonferroni & Sidak which control the
frequency of wrong inferences being made from experimental
results (Dixon, 1985). In cases where only a specific set
of comparisons was of special interest, the tests of Bonfer-
roni & Sidak which guard against the chances of erroneous

conclusion being arrived at in all possible contrasts were
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set aside. Instead, specific contrasts were made,the con-
fidence limits of which were adjusted (Brown & Hollander,
1977) to take into account only the small number of in-

ferences which were of interest.

Linear regressions (Brown & Hollander, 1977) were used to
arrive at relationships between the rate at which plantlet
formation and fresh mass accumulation occurred.

3.2.2. Results.

3.2.2.1. The effect of explant site on the donor organ on

plantlet initiation.

The site on the leaf from which explants were taken, the
donor plant and the length of the culture period all sig-
nificantly influenced the number of plants produced by Or-

nithogalum 'Rollow’ leaf explants in vitro (Table 7). Sig-

nificant interactions between all these factors were also

apparent.
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Table 7. Results of an analysis of variance showing the ef-

fect of donor plant explant site and length of the

culture period on in vitro plantlet initiation by

ornithogalum ‘Rollow' explant.

Source of variation. Variance ratio.
Experimental mean. 349,09 **
Donor Plant 26,79 i
Explant Site 26,64 o
Culture Period 138,19 **
Interactions:-

Plant x Site 6,80 bl
Plant x Culture Period 7,44 i
Site x Culture Period 9,59 **
Plant X Site x Culture Period 3,49 **
* %

: Highly significant result; Reject H® at p = 0,01.

The leaf base, when compared to the midbase, midtip and tip
portions of the leaf was the most prolific source of plants
(Table 8). The leaf base was chosen as the control in this
experiment, as in the literature it is widely designated as
the most prolific source of plantlets (Denne, 1960; Niimi &
Onozawa, 1979 and Klesser & Nel, 1976).
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Table 8. Results of a contrast in population means showing
the influence of explant site on the Qrnithogalum

‘Rollow' leaf on plantlet formation.

Contrast. Variance ratio.

Base - midbase 197,95 ¥
Base - midtip 285,70
Base - tip 351,52 **
* %

Highly significant result; Reject H° at p = @,d1.

The culture period was the most significant determinant of
the number of plants produced per explant (Table 7). The
dependence of the number of plants produced on the culture
period is given, in this experiment, by the linear relation-
ship y = - 4,59 + 2,86 x (Figure 4). The 95% confidence
interval for the slope of the graph is 2,86 +/- ©,23 and
4,59 +/- 1,88 for the intercept. The 95% confidence band
for the regression line is an indication of the mean number
of plantlets expected after various culture periods. As-
suming homogeneity of variance, individual values of y will
vary about the regression line with an estimated standard
deviation (ey.x) of 2,92. Thus individual values of y may

lie outside the confidence band.
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From the analysis of variance (Table 7), it is clear that
the site on the leaf from which the explant is removed also
influences the rate of plantlet initiation. The rate of
plantlet initiation on the explants was found to be a linear
function of time for all four explant sites on the leaf

(Figure 5).

The intercept of the regression lines did not differ sig-
nificantly at the 95% confidence limit (Table 9). From the
95% confidence limits for the slope, it is apparent that ex-
plants derived from the leaf base have a significantly
higher rate of plantlet initiation than those derived from
the midbase of the leaf (Table 9). The least satisfactory
explants, with the slowest rates of plantlet initiation,
were derived from the tip and midtip sections of leaves
(Table 9). The standard deviation of individual values

from the regression line (ey_x) is indicated in Table 9.

Table 9. Linear regression showing the rate of plantlet in-

itiation at various sites on Qrpnithogalum ‘Rollow'
leaves, and the variance (6 x)' slope and inter-

PARS

cept for the lines.

oy

Position p . o 95% c.l. for  95% c.l.for

intercept. slope.

Base y = -2,42 +1,569x 90,874 =-2,42 +/-0,221 1,569+/-1,782
Midbase y = -0,969+0,906x 0,512 -0,969+/-90,129 @,996+/-1,003
Midtip y = -1,231+90,635x 9,282 -1,231+/-0,071 @,635+/-8,574
Tip y = -1,412+0,568x ©¢,223 -1,412+/-90,058 @,568+/-1,310
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3.2.2.2. The effect of explant site on the donor organ on fresh

mass accumulation.

In Ornithogalum ‘Rollow' the site on the leaf from which

the explant is derived and the length of the culture period
both alone, and through their interaction, determine the
efficiency with which fresh mass is accumulated by the ex-

plant (Table 14).

Tabhle 10. Results of an analysis of variance to determine

the effect of explant site and culture period on

fresh mass accumulation as a percentage of ini-

tial explant mass.

Source of variation. Variance ratio.
. B * %
Experimental mean 195,04
Explant site 10,18 **
Culture period 6,68 **
Interaction: Explant site X culture
*
period 2,23
* %
: Highly significant result ; Reject H° at p = @,01
* .
¢ Significant result ; Reject HC at p = 0,05

The greatest increases in fresh mass were associated with
explants from the base and midbase of leaves (Table 11).
As these were also the sites of the most prolific plantlet
initiation in vitro it would appear that biomass accumula-

tion by explants is linked to plantlet initiation in vitro.
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Table 11. Results of multiple comparison tests to determine

the effect of explant source on the donor organ

or change in explant mass (as a percentage).

Explant site Mean.
Midtip 34,34 %
Tip 41,40 %
Midbase 62,40 %
Base 92,92
L.S.b. = 31,40% ; p=0,01

The rate of fresh mass accumulation by explants was
constant, and did not differ significantly over the first
and second subculture periods. However, after twelve
weeks 1in culture, explants accumulated fresh mass at sig-
nificantly higher rates than during the first subculture

period (Table 12).

Table 12. Results of multiple comparison tests to determine

the effect of culture period on the rate of fresh

mass accumulation by QOrnithogalum ‘Rollow' ex-

plants taken from different sites on the leaves

in vitro (as a percentage).

Culture period Mean rate of fresh mass accumulation

——

4 - 8 weeks 43,50 %
8 - 12 weeks 59,34 %
12 - 16 weeks 79,39 %
L.s.D. =17,56 % ; p = 0,01
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3.2.2.3. The relationship between fresh mass of explants and

the incidence of plantlets on explants.

Plantlet formation is strongly time dependent (Table 7).
The relationship between these two variables is linear
(Figure 5). The rate of change in fresh mass over the
culture period is constant (Table 12). This implies the
existence of a linear relationship between the fresh mass
of the explant and the length of the culture period.
Given that plantlet formation and fresh mass accumulation
are both linearly related to time, it follows that a linear
relationship exists between fresh mass of the explant and

the number of plantlets present on the explant.

Knowing the rate at which fresh mass accumulation and
plantlet formation occurxr, it 1is possible to calculate the
relative time dependence of these two growth parameters,
as:-

tan o = m, where m is the rate of either parameter.
The slope of the graph for the rate of plantlet formation
is approximately 45°, while for fresh mass accumulation it

is approximately 89°.

This emphasises the strong time dependence of plantlet
formation, and explains the relatively low level of sig-
nificance observed for the interaction of time and fresh
mass (Table 7). It appears that, during the first twelve
weeks of the culture period, fresh mass is dependent on the
number of plantlets on the explant, which, in turn, is time

dependent.

3.2.3. Summary of results.

Explants from the base of the leaf have the highest
yields in terms of plantlets and fresh mass, making

them the most suitable sources of explant material for
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rapid multiplication purposes.

During the first 12 weeks, the rate of fresh mass

accumulation is linearly dependent on the number of

plantlets formed on the explant which in turn is
linearly dependent on the length of the culture

period.

3.2.4. Discussion.

In order to maximise explant productivity and reduce cost,
for mass multiplication purposes, it may be necessary to
confine sources of explant material to areas of high

regenerative ability on the leaves of donor plants.

In this experiment, explants from the leaf base were found
to be the most prolific sources of plantlets, with a
decreasing incidence of plantlet regeneration from the base

of the leaf to its tip.

Similar gradients in regenerative ability of explants taken
from different sites along the length of donor organs have

been noted in Lilium (Niimi & Onozawa, 1979), Lachenalia

(Klesser & Nel, 1976) and Narcissus (Denne, 1968).

The rate of fresh mass accumulation by explants was related
to the number of plantlets initiated by them during the
first twelve weeks in culture. Despite the variation to
which they are subject, both fresh mass data and counts of
plantlet incidence provide information concerning the
viability of explants in terms of their ability to produce

plantlets.

Both plantlet formation and fresh mass accumulation are
linear functions of the culture period. Of the two, fresh
mass accumulation is markedly less time dependent. The

rate of fresh mass accumulation is linearly dependent on
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the number of plantlets formed on the explant, which in

turn depends on the culture period.

The degree of regenerative success has been related to the
stage of development of the donor organ (Section 1).
Gradients in the regenerative ability of explants from dif-
ferent sites on the same donor organ have been explained in
the literature in terms of the distribution of chemical
substances within the tissues (Stimart & Ascher, 1978;

Takayama & Misawa, 1980).

Stimart & Ascher (1978) observed an asymmetric hormone dis-
tribution in Lilium tissues associated with a gradient in
regenerative potential, while Takayama & Misawa (1980)
noted that higher nitrogen and lower sucrose concentrations

occurred in the more prolific inner bulb scales of Lilium.

3.3. Section 3. The effect of explant orientation relative

to the culture medium on growth yield in
yitro.

3.3.1. Introduction.

Reported effects of explant orientation relative to the
culture medium on plantlet initiation and growth yield dif-

fer considerably in the literature.

In order to assess the importance of this factor in the

tissue culture of Ornithogalum cultivars, so as to maximise

explant productivity, four orientations of 1,9 x 1,4 cm Or-

nithogalum ‘Rollow' leaf base explants were compared.

Horizontally orientated explants werxre placed on the
nutrient medium with their abaxial or adaxial epidermis in
contact with the medium. Vertically orientated explants
were embedded to a depth of half their vertical height in
nutrient medium with either the morphological tip (polar

orientation) or base (apolar orientation) of the section
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uppermost.

Leaves from three different plants were used in the
experiment. It was necessary to analyse the results for
each plant separately as all four treatments were not ap-
plied to each plant. The number of plantlets per explant
was determined together with the fresh masses of the ex-
plant 1initially and at four week intervals for twelve
weeks. The absolute growth rate (G) was determined as the
difference bhetween the initial mass and each succeeding
mass. One hundred and forty-two replicates were involved

in this experiment.

The data was analysed using BMDP - P series programmes
(Dixon, 1985). Estimation of missing values was made
using the AM programme and the within factor analysis of
variance using the 2 V programme. The multiple comparison
tests of Bonferroni and Sidak were used to assess the sig-
nificance of differences bhetween the treatment means where

these occurred.
3.3.2. Results.

3.3.2.1. The effect of Ornithogalum ‘Rollow' explant orienta-

tion relative to the culture medium on plantlet in-

itiation in vitro.

The length of the culture period significantly affected the
number of plantlets present on the explant (Table 13).
The effect of explant orientation relative to the nutrient
medium on plantlet initiation differed between the plants
used in the experiment (Table 13). Where the effect of
explant orientation was significant, significant interac-
tions occurred between length of culture period and explant

orientation (Table 13).
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Table 13. Results of an analysis of variance to determine

the effect of the explant orientation and the

length of the culture period on in vitro plantlet
initiation for each of the three Ornithogalum
‘Rollow' donor plants

Source of variation Variance ratio.

Plant # 1 Plant # 2 Plant # 3

. * % * % * %
Experimental mean 275.53 140,42 157.96
Orientation 20.65 *F 13.16 ¥ 2.49

* % * % * %
Time 191.24 51.26 44 .83
Interaction,

* % * %
Orientation X time 6.62 4,25 1.39
* %

: Highly significant result ; Reject H° at p = 9¢,0l.

The multiple comparison tests of Bonferroni and Sidak
showed that the least satisfactory orientation in terms of
plantlet initiation was the vertical apolar orientation of
the explant (Table 14). Explants with polar vertical
orientation performed significantly better than vertically

orientated explants with apolar orientation.
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Table 14. Results of a multiple comparison test showing the

effects of different explant orientations on
plantlet initjiation in vitro for two Ornithogalum
‘Rollow' plants.

Plant 1 Plant 2-

Orientation number of mean number of mean

replicates replicates
Vertical, apolar 16 6,49 9 4,6
Vertical, polar 17 : 19,25 11 18,4
Horizontal, abaxial
epidermis uppermost 22 18, 39 - -
Horizontal, adaxial
epidermis uppermost - - 34 17,92
NOTE 1: L.S.D. (least significant difference) for plant

l: varied between 11,76 and 12,68 depending on
the sample sizes being compared.

NOTE 2: L.S.D. for plant 2 : The multiple comparison
tests of Bonferroni and Sidak did not indicate a
significant difference between treatments. As
these tests are conservative when compared to the
more robust F test, the biggest and smallest

means can be considered to differ significantly.

Analysis of the interaction between the effects of length
of the culture period and explant orientation showed that
for two of the three plants tested, explants with vertical,
apolar orientation showed the slowest rate of plantlet in-
itiation in vitro (Figures 6.1 & 6.3). The relative rate
of plantlet production peaked between the fourth and fifth
weeks in culture for all orientations, except for explants
with vertical apolar orientation, the relative rate of
plantlet production for which peaked between the fifth and
sixth weeks in culture (Figures 6.2 & 6.4). The adverse

effect of this orientation appeared to be through its
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delaying effect on plantlet initiation and the resultant
fresh mass accumulation. At the end of the culture
period, the relative growth rates of explants with dif-
ferent orientations were similar, even though the mean num-
ber of plantlets per explant differed significantly (Figure
6).
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3.3.2.2. The effect of explant orientation on fresh mass

accumulation jin vitro.

Both the length of the culture period and the explant's
orientation on the nutrient medium significantly affected
fresh mass accumulation. A significant interaction oc-

curred between these two factors (Table 15).

Table 15. Results of an analysis of variance showing the

effect of explant orientation and the length of

the culture period on fresh mass accumulation by

Oornithogalum ‘Rollow' explants in vitro.

Source of variation Variance ratio.
- * %
Mean 534,32
. . * %
Orientation 12,58
* %
Time 319,0
. . . . * %
Interactlonof Orientation x Time 14,9
* %

: Highly significant result ; Reject H° at p = @,01

Of the treatments, explants orientated with vertical,
apolar orientation, performed significantly worse than
those orientated horizontally with the adaxial leaf surface
uppermost (Table 16). No significant differences were

found between the other orientations.
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Table 16. Results of multiple comparison tests of Bonfer-

roni and Sidak showing the effect of the orienta-

tion of Qrnithogalum ‘Rollow' explants in vitro

on fresh mass accumulation.

Orientation.

wNumber of replicates Mean mass (g)
Vertical, apolar 27 79,11
Vertical, polar 48 d,21
Horizontal, abaxial
epidermis uppermost 32 2,23
Horizontal, adaxial
epidermis uppermost 35 9,27

L.S.D. values vary, depending on the number of replicates
between 4,11 and 9,13 g.

Vertical, apolar orientation of explants on the nutrienﬁ
medium, delayed the formation of plantlets (Table 16)
resulting in significantly lower fresh masses being as-
sociated with this orientation (Table 17). This effect

was significant by the twelfth week in culture (Table 17).
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Table 17. Interaction table showing the influence of the

culture period on the absolute growth rate (G) of

Ornithogalum ‘Rollow' for various explant

orientations.
Orientation. Length of culture period
4 weeks 8 weeks 12 weeks

Vertical,apolar 2,95 g 2,08 g 2,21 g
Vertical, polar 3,87 g 8,22 g 9,53 g
Horizontal, abaxial

epidermis uppermost 29,10 g 2,19 g 0,41 g
Horizontal, adaxial

epidermis uppermost 0,10 g 9,17 g 3,36 g

LoSoDo = 6116 g.

3.3.3. Summary of results.

. The donor plant determined the effect explant orienta-
tion had on plantlet initiation and the resultant rate

of fresh mass accumulation in vitro.

. Orientating explants with vertical apolar orientation
tended to reduce plantlet initiation and delayed the
resultant accumulation of fresh mass by the explant.

All other explant orientations were without effect.

3.3.4. Discussion.

Variable responses to explant orientation relative to the
basal medium in terms of growth yield are reported in the
literature. Paek (1982) found that apolar vertical orien-

tations of Hyacinthus orientalis explants stimulated

plantlet initiation, while Wietsma (1984) reported that

polar or apolar orientations of Fritillaria persica ex-

plants had no effect on the number of plantlets they in-

itiated ig vitro.
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Of the explant orientations tested in this experiment, only
vertical, apolar explant orientation affected growth. In
two of the three plants tested, this orientation reduced
plantlet initiation and the resultant accumulation of fresh

mass by the explant.

Two hypotheses are proposed to explain the adverse effect

of vertical, apolar explant orientation on growth yield:-

i. The orientation of the explant affects the
distribution of auxin in the tissues. This in turn
affects the hormone balance in the explant and their
interaction with the growth medium.

ii. Embedding part of the explant in the medium affects

the oxygen tension in the tissues.

The adverse effect of vertical, apolar leaf explant orien-
tation on growth yield implicates asymmetrical distribution
of some substance in the plant. The polar transport of
auxin within plant tissues in vitro (Pilet, 1968;
Goldsmith, 1977 and Moore, 1979) and its beneficial effect
on plantlet initiation in vitro implicate the involvement

of this growth regulator.

There are two major pathways of auxin transport in plant
tissues (Goldsmith, 1977). The first and most important
of these is transport via the phloem (Goldsmith, 1977).
In explants, callose deposition in sieve tubes (Esau, 1960)
as a result of wounding and the small distances involved,
would make the gradients involved small. Despite these
factors, gradients in regenerative potential in explants
are reported (J.G. Janse van Rensburg, pers.comm.), as
well as relationships between the site of vascular tissue
in explants and the site of plantlet initiation (Yanagawa &

Sakanishi, 198¢b).

The second pathway of auxin transport is via the epidermis,
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cortex, xylem and pith (Goldsmith, 1977). Goldsmith
(1977) attributes the polarity of auxin transport in living
cells to the asymmetric distribution of membrane bound car-
riers within cells. Reorientating the explants would af-
fect the distribution of auxin within the tissues. The
auxin content of the basal medium would also affect the

ability of these explants to initiate plantlets in vitro.

The altered distribution of auxin in the cells also affects
the levels of other plant growth regulators. Saltveit &
Dilley (1978) found that normal, vertically orientated

Pisum sativum explants produced more ethylene than randomly

orientated explants. Ethylene was shown to stimulate cell
division in daffodil and hyacinth tissues (Kamp & de
Hertogh, 1986). Auxin stimulates ethylene production
(Moore, 1979), endogenous and exogenous sources are equally
effective. Abeles & Rubinstein (1964) found that the
threshold concentration of auxin for ethylene synthesis was
187°4.  Nel's (1981) medium contains 5,37 x 10~ ’M of the
auxin napthaleneacetic acid. This concentration is too
low to stimulate ethylene synthesis. However, all cells
are potentially capable of synthesising auxin from its

precursor tryptophan (Letham et al., 1978).

All members of the Liliacae tested by Hussey (1976) were
capable of producing plantlets without the addition of ex-
ogenous auxin to the medium. This implies that the con-
centration of ethylene in tissues is determined by their
endogenous auxin concentration. Abeles & Rubinstein

(1964) found that in Pisum sativum both synthetic and

natural auxins are capable of inducing ethylene formation.
The rate of ethylene synthesis increases relative to the
auxin concentration up to a threshold value, after which no

further stimulation occurs (Moore, 1979).

The second reason proposed for the inhibitory effect of

vertical explant orientation on growth was the adverse ef-

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



62

fect of reduced oxygen tensions 1in embedded tissue on
growth. The effect of anaerobhic conditions on growth
depends on the tissue tolerance for low oxygen concentra-
tions and the leaf anatomy, which may prevent the oxygen
tension ever becoming low enough to affect growth (Saltveit
& Dilley, 1978). In this experiment, oxygen tension did
not limit growth, as, although apolar vertical orientation
of explants adversely affected growth, polar vertical

orientations did not.

It is not known why explant orientations affected plants

differently. Robb (1957) working on Lilium speciosum

observed that the auxin requirement for plantlet initiation
on explants varied, depending on the stage of development.
of the donor plant. Presumably variations in plant hor-
mone levels during development (Saniewski, Rudnicki &
Nowak, 1978) would affect the explant.'s response to a given
orientation. In addition, Saltveit & Dilley (1978) found
that ethylene synthesis in response to auxin only occurred

in meristematic, but not in fully differentiated tissues.

3.4. Section 4. The influence of wounding, a mechanical

stress, on plantlet regeneration from Qr-

nithogalum Rollow explants in vitro.

3.4.1. Introduction.

Van Aartrijk & Blom-Barnhoorn (1983) reported that addi-

tional wounding to Lilium speciosum explants increased the

incidence of plantlet formation on bulb scale explants.
wWounding 1is known to stimulate certain growth processes
(Abeles, 1973). The first record of plant wounding is a
frieze, which dates from 1198 B.C. of Egyptians gashing

sycamore figs to stimulate ripening.

Wounding is a simple technique to implement, and the

plantlets which result are formed with the minimum use of
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synthetic agents. Where increases 1in the number of
plantlets per explant are found in response to wounding

these must be offset against additional labour involved and
possible increases in contamination rates which result from

increased handling of the explants.

Explants 1,0 x 1,9 cm in size were obtained from basal sec-
tions of the leaves of three different plants. The effect
of additional wounding in the form of a grid of nine small
squares cut into the adaxial epidermis was tested against
an unwounded control. Each treatment comprised 73

replicates.

Nel's (1981) medium containing ©,1 mg.dm"3 NAA and 2,0

3 BAP was used 1in this experiment. The duration of

mg.dm”
the culture period was 12 weeks. The absolute growth rate
was calculated by subtracting the initial mass from the

mass after 4,8 and 12 weeks in culture.

The effect of wounding on the rate of plantlet formation
and fresh mass accumulation was determined using BMDP
programme 3 D (Dixon,1985). Separate ft-tests were calcu-
lated for each time interval. Eighty~four explants were

involved in the study.
3.4.2. Results.

3.4.2.1. _The effect of additional wounding to the QOrnithogalum
‘Rollow' explants on plantlet initiation in vitro.

wounding the explant significantly reduces the number of
plantlets formed on the explants in vitro (Table 18). The
rate at which plantlet initiation occurs was adversely af-

fected by wounding (Figure 7).
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Table 18. Results of t-tests to determine the effect of ad-

ditional wounding to the Qrpithogalum ‘Rollow’

explants on plantlet initiation on explants in

vitro.
i Mean number of plantlets
Time (weeks) Test statistic on wounded on control
explants explants

3 -5,22 " 2,51 8,23
4 -5,74 * - 4,88 13,49
5 -5,59 * 6,91 18,49
6 -5,31 " 8,51 19,53
7 -4,83 " 11,07 23,40
8 -4,43 " 13,46 26,40
9 -4,34 " 14,81 32,14
10 -4,79 " 16,19 40,84
11 -4,88 " 19,09 46,05
12 -5,60 © 19,67 52,23

Reject HO at -2>t>2

Significant result, probability = 0,05.
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3.4.2.2. The effect of additional wounding to the QOrpnithogalum

‘Rollow' explants on the fresh mass accumulation rate

in vitro.
Initially, (during the first eight weeks in culture) wound-
ing had no significant effect on the rate of fresﬁ mass ac-
cumulation 1in vitro (Table 19). After twelve weeks in
culture, the growth rate of the wounded explants was sig-
nificantly lower than that of unwounded explants. This
difference was attributed to the accumulation of biomass by
the developing plantlets, which were more prevalent on the

unwounded, control explants.

Table 19. Results of t-Test showing the effect of wounding

on_the growth rate of Ornithogalum ‘Rollow' in
vitro.

Time (weeks) 4 8 12

Test statistic (t) 1,12 =-0,18 =-2,27 ©

Mean fresh mass of
wounded explants 2,10 8,15 0,24
Mean fresh mass of
unwounded explants 2,09 ¥,15 8,33
: Significant result ; Reject HC at p = @,05.

3.4.3. Summary of Results.
. Additional wounding to explants adversely affected in-
itiation of plantlets on the explant. However, the

subsequent development of the initiated plantlets was

unaffected.
. After twelve weeks 1n culture, the absolute growth

rate of wounded explants was lower than that of un-

wounded controls. Accumulation of biomass by dif-
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ferentiating plantlets was responsible for this

difference.

5.4.4. Discussion.

Stimulation of plantlet initiation in response to wounding

1s extensively reported in the literature; in Ornithogalum

thyrsoides (Hussey, 1976), Lilium speciosum (van Aartrijk &

Blom-Barnhoorn, 1983), Hyacinthus orientalis (Paek, 198.)

and Populus (Douglas, 1985).

In this experiment, additional wounding to Ornithogalum

Rollow explants was found to reduce the incidence of
plantlets. The accumulation of biomass by additionally
wounded explants was also reduced, as the greatest in-
creases resulted from plantlet development subsequent to

differentiation.

wounding results in a biphasic increase in dark respiration
which was proportional to the wound area bhut independent of
the leaf age (Macnicol, 1976). The first phase peaks
after 15 - 40 minutes, persisting for 3 hours at most and
is the true "wound" respiration. The magnitude of this
response bears no relationship to the number of plantlets
induced (Brown & Thorpe, 1980 b). The "induced" or
"developed" respiration occurs after 1 - 2 hours and may

last several days (Macnicol, 1976).

The consistent increase in respiration rates assoclated
with wounding implies metabolic control. The magnitude of
the induced respiration depends on RNA and protein syn-

theslis (Macnicol, 197¢).

The stimulatory effect of wounding on plantlet initiation
is probably linked to the high energy and reducing power
requirements of this process. As a result of wounding,

there is increased citric acid cycle, pentose phosphate
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pathway and 4glycolytic activity (Macnicol, 1976). The
levels of ATP and hexose monophosphates in the tissues also

increase (Macnicol, 1976).

Despite the potentially stimulatory effect of wounding the
explant on organogenesis, additional wounding to the ex-
plant in this experiment proved inhibitory to plantlet

initiation.

The effect of additional wounding to explants on or-
ganogenesis 1is determined by the explants ability to
recover from membrane damage (van Aartrijk, Blom-Barnhoorn
& Bruinsma, 1985 b). The wound effect extends 2 - 5 mm
frowm the cut surface (van Aartrijk & Blom-Barnhoorn, 1983).
Free radical mediated peroxidation of fatty acids in the
wound-damaged membranes results in ethane (CZHb) release
(van Aartrijk, Blom-Barnhoorn & Bruinsma, 1985 a & b).
These authors found that ethane production is proportional
to the amount of membrane damage and is stimulated by high
temperature, additional wounding, auxin and
aminoethoxyvinylglycine (AVG) - an inhibitor of protein
synthesis which prevents the formation of 1 -
aminocyclopropane - 1 - carboxylic acid (ACC) synthase in

the tissues.

Initially, the synthesis of ethylene in tissues via the
pathway (Yu & Yang, 1980):-

Methionine = S adenosylmethionine (SAM) -» 1 -
aminocyclopropane - 1 - carboxylic acid (ACC) =
ethylene (CyH,)

is inhibited by wounding, as the enzyme ACC synthase,
responsible for the conversion of ACC to ethylene, 1is
membrane bound. ACC accumulates in the tissues, acting as
a free radical scavenger, inhibiting further peroxidation
of fatty acids in the membrane and helping to re-establish
membrane integrity (van Aartrijk, Blom-Barnhoorn &

Bruinsma, 1985 a & b).
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Once membrane integrity is re-established, ethylene 1is
synthesized. By competing allosterically with auxin for
membrane bound transport sites (Goldsmith, 1977), ethylene
may affect auxin distribution within explants and thus

thelr organogenic ability.

Macnicol (1976) observed an inverse relationship between
energy charge and distance from the wourd surface. The

decreased organogenic ability of Ornithogalum ‘Rollow' ex-

plants in response to additional wounding was probably a
consequence of the eneryy required to restore membrane

integrity.

3.5. Section 5. The influence of explant size on the produc-

tivity of Ornithogalum ‘Rollow' explants.

3.5.1. Introduction.

The size of the explant determines 1its ability to survive
and the rate at which its derivatives grow and multiply in

vitro (Murashige, 1977).

Determining the optimal explant size is of interest in mass

multiplication of Ornithogalum cultivars, as the yield per

explant can be maximized.

The aim of this experiment was to determine whether
plantlets arise in association with wound surfaces on the
explant as well ‘as to what extent the size of the explant

determines its organogenic response.

Leaf explants obtained from three plants of the cultivar
Rollow were divided into explants 1,9 x 1,6 cm; 1,0 x 4,5
cm and 6,5 x ¢U,5 cm 1in size. The choice of explant size
was determined by the culture vessel's diameter (a test

tube). One hundred and sixty-one explants were involved
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in this study. Twenty-one replicates of each explant size
for each plant were used. The explants were cultured on
Nel's (1981) medium containing @,1 mg.dm'3 NAA and 2,0
mg.dm"3 BAP for 16 weeks. Explants were orientated
horizontally on the medium with their abaxial surface in
contact with the medium. At. four week intervals, fresh
mass was determined. The number of plantlets pér explant
was determined at weekly intervals. Missing values in the
data as a result of contamination aind test tube breakage
were estimated using BMDP's AM programme. Analyses of
variance for fresh mass data were made using programme 2V.
Chi sguared tests were used to a2ssess the impact of dif-

ferent. variables on the treatment. effect.

3.5.2. Results.

3.5.2.1. The effect of explant size on plantlet initiation

in vitro.

Chi syguared tests carried out on the data showed that the
size of the explant significantly affected the incidence of

plantlets (Table 20).
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Table 20¥. Results of a Chi squared analysis of the in-

cidence of plantlets on explants during the cul-

ture period.

Tinie (weeks). Explant size comparisons (cm).
1,0x1,0/1,0x8,5 1,0x1,0/9,5x8,5 1,0x0,5/8,5x0,5

4 19,68" 3.,85" 21,74"
5 19,06 18,417 72,84"
6 61,84" 22,39 49,06"
7 74,37 20.09" 53,90"
8 68,55 12,06" 59,50
9 119,44 36,22 70, 28"
10 122,87" 42,69" 89,81 "
11 118,15" 41,26" 82,48"
12 169,37 72,81" 105,12
13 198,39" 123,43 95,27"
14 247,09 110,027 92,36"
15 241,88" 107,517 83,39"
16 239,22" 130,09" 118, 32"

Significant result; Reject H° at p = 0,05.

.

It was hypothesized that the production of plantlets by ex-
plants was proportional to the wound surface on the
explant. The plantlet production was made comparable by
weighting the 1,9 x 1,06, 1,0 x 9,5 and 0,5 x ¢,5 cm ex-

plants with factors of 1,0, 1,33 and 2,0 respecively.
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Table 21. Results of a within-factor anova on data weighted

to determine whether plantlets were formed in as-
sociation with wound surfaces on Qrnithogalum

‘Rollow' explants.

Source of Variation. Variance Ratio.
bonor Plant 14,17*
Explant size (weighted) “,48
Interaction of Donor Plant x Explant Size 1,58
Culture Period 22,93**
Interaction of bonor Plant x Culture Period 10,55**
Interaction of Explant size x Culture Period ©v,65
Interaction of Donor Plant x pExplant size x

Culture Period 1,39**
** : Highly significant result; Reject H® at p = 0,01.
* : Significant result; Reject HY at p = 2,05

The analysis of variance results showed that plantlets dif-
ferentiated in association with wound surfaces on the ex-
plants and that the number of plantlets differentiated was

constant per unit wound surface area (Table 21).

As a result of the significant effect of donor plants and
culture period on plantlet differentiation (Table 21) the
anova was repeated (Table 22). The donor plants were con-
sidered separately because they differed significantly 1in
the number of plantlets they differentiated (Table 22).
As repeated measurements were made on the same set of ex-
plants over the culture period, separate analyses of

variance were conducted for each time interval (Table 22).
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Tacle 22. Resultls of parametric aid ion-parametric aicvas for eacih time i:terval tolztermire w.ether, in
texms ¢f the Lypothesis, for the three denor plauts used in thiis experiment plantlet initiation
is determined oy the wound surface c¢cn the Ornithovalum 'Rollow' eaplant.

Time (weehs) 4 5 6 7 3 9 10 11 12 13 14 15 16

DONOR PLANT 1.

Analysis_of

variance,

Size of explant 0,35 0,39 0,91 0,65 0,35 0,95 1,10 0,39 0,93 1,10 1,55 1,37 0,70

Eccality of mcans test: variances are assu.sed equal.

Yelch 0,33 0,88 1,05 0,78 1,00 1,20 1,33 1,13 1,20 1,36 1,93 1,59 0,84

3rown-Forsythe 0,37 0,91 0,81 0,57 0,73 0,81 0,94 0,76 0,79 0,93 1,31 1,18 0,59
- *

Levere's test 0,65 0,92 2,47 2,53 2,62 3,95 3,89 4,19 4,39 5,36 5,38 4,44 5,10

for equality of
variance.

DONOR PLANT 2,
Analysis of

yarlaunce. * * *

Size cf explant 2,49 1,706 3,34 3,07 2,50 3,37 3,17 2,95 3,40 4,10 4,90 4,65 4,82

Equalityv of means test; variances are assuned egual,

Welch 0,50 1,10 2,34 3,11 3,31 3,35 3,01 2,39 2,34 2,40 2,86 3,05 2,9

Brows-Forsythe 2,42 1,72 3,27 3,01 2,47 3,30 3,12 2,90 3,34 3,01 4,79 4}56 4,72
8,5

- % -~ * 3% > > % - % -~ > * % % *%
Levene's test 10,63 5,67 23,57 16,93 13,66 13,09 11,50 3,86 11,62 14,38 20,32 19,01 1
for equality of
variance.

DONOR PLAXNT 3.
Analysis _of
variance.

Size of explant 1,53 2,19 2,16 2,30 2,23 2,65 1,75 1,80 1,40 1,35 1,56 1,63 1,62
Ecunality of means test: variances arc assuned egqual.,

Velech 0,25 0,77 0,64 0,73 0,31 0,55 0,66 0,33 0,65 1,81 1,93 2,04 2,02
Brown-Forsythe 1,97 3,11 2,56 3,19 3,21 3,69 2,57 2,65 2,19 2,11 2,40 2,46 2,47
Levene's test §773 13Ts2 13769 13719 13756 107359 310 2081 5,36 5,34 6.77  Th11 Tias
for equality of

varianrce.

** . tlagnly siynificant result ;  HeJect e at p = g,vl.

o

siynificant result ; Keject - at p = 0,65.
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The results of the variance analyses (Table 22) support the
hypothesis that the number of plantlets formed 1is deter-
mined by the wound surface area on the explant. Over the
range of explant sizes tested in the experiment, no decline
in the ability of explants to form plantlets was observed

using smaller explants (Tables 21 and 22).

3.5.2.2, The effect of explant size on fresh mass accumulation

in vitro.
The number of plantlets initiated on a given wound surface
area was constant, regardless of explant size. If it can
be assumed that fresh mass 1s accumulated by explants as a
result of plantlet formation, then explant fresh mass will
be proportional to the cut surface on the explant at any
given time. If this hypothesis 1s correct, then by
welgyhting 1,0 x 1,0 cm explants by a factor of one, 1,9 x
¥,5 cm explants by a factor of one and a third, and 6,5 x
¥,5 cu explants by a factor of two, the different sized ex-
plants could be compared on the basis of wound surface

area.

To test this hypothesis, the data was weighted by these
factors and an analysis of variance was performed (Table
23). As the experimental error to which the data was sub-
ject was not normally distributed, the data were trans-

formed by a factor y®'25.
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Table 23. Results of within-factor analysis of variance on
0,25

transformed (y ) fresh mass data weighted on

the basis of wound surface area on the Qr-

nithogalum 'Rollow' explants.

Source of Variation. Variance Ratio.
Donor Plunt 16,578**
Size of Explant 5,623**
Interaction; Donor Plant x size of

Explant 2,797*
Culture Period 14,581""

Interactions; Dbonor Plant x Culture
Period. 2,767"
Explant size x Culture
Period. 2,558"
bonorx Plant x Explant

size X Culture Period. 1,852*

U,Ul.
@,ﬂs.

** : Highly significant result ; Reject H® at p

[

significant result ; Reject HC at p

Although all explants were expected to accumulate fresh
mass at the same rate based on the wound surface area, as a
result of plantlet differentiation, this did not occur
(Table 23). The size of the explant, the donor plant from
which the explant was obtained and the culture period, as
well as the interaction of these three factors, sig-
nificantly affected the rate of fresh mass accumulation by

explants (Table 23).
Least significant differences were calculated between the

means of the transformed data. The weighted means are

shown (Table 24).
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Table 24. Means (in grams) weighted on the basis of wound

surface area for comparison purposes, showing the

factors affecting the rate of fresh mass ac-

cumulation by Ornithogalum ‘Rollow' explants.
bonor Culture Explant size (cm) Méan fresh
Plant period mass
~months) 1,0x1,9 1,0x0,5 0,5x0,5
1 1 0,130 0,119 v,128 2,126
2 P,l60 v, 168 0,158 6,162
3 v,166 g,2¢1 0,170 0,178
4 ©v,184 ©, 255 2,214 v,218
Mean tresh mass: ¥,l100 92,186 0,167 0,171
2 1 ¥,095 ©v,0062 0,072 0,076
2 0,126 W, 670 0,063 0,086
3 9,143 0,064 B,038 B,082
4 0,187 ©v,0790 0,059 0,106
Mean fresh mass: 0,138 v,066 g,058 ¥,088
3 1 0,070 0,088 0,081 0,079
2 0,095 0,114 ©v,079 9,096
3 0,090 0,110 9,080 ¥,095
4 ©v,109 ©v,135 0,070 0,104
Mean fresh mass: 0,092 0,112 0,077 V0,394
Mean inass 1 9,898 L, 090 0,093 3,094
of donor 2 0,127 2,117 0,10U 0,115
plants. 3 g,135 0,125 2,096 b,119
4 0,160 2,153 g,114 0,143
Mean fresh mass v,130 v,121 U,101 0,117

of donor plants.
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The rate of fresh mass accumulation by the explants dif-
fered according to the donor plant.,. Fresh mass data for
plant 1 and plant 3 supported the hypothesis (p = ©,05),
while fresh mass data for plant 2 did not (Table 25). In
the case of plant 2, the 1,9 x 1,0 cm explants accumulated
more fresh mass relative to the other explant sizes than

expected under the hypothesis.

buring the first month in culture, the accumulation of
fresh mass attributable to plantlet initiation was similar
for all explant sizes (p > ©,05). For 1,0 x 1,9 cm
explants, the most significant increase in the mass of
plantlets was observed after two months in culture (p =
v,01). On the 1,0 x ¢,5 cm explants, the most significant
increase 1n the mass of plantlets was oObserved at four
months in culture (p = ¥,05). No significant increase in
the mass of plantlets on ¥¢,5 x ¢,5 cm explants was oObserved

during the four month culture period (p > ©,05).

The mean mass of plantlets initiated on different sized ex-
plants was compared (Table 25). Initially it was found
that plantlets initiated on 1,0 x 1,0 cmn explants weighed
more than those initiated on smaller explants (Table 25).
liowever, after four months in culture, plantlet mass was
the same, regardless of the initial size of the explant
(Table 25).
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Table 25. The mean mass (in grams) of plantlets on dif-

ferent sized explants at one montnh intervals

during the culture period.

Culture Period Size of explant. (cm)
(months) 1,0x1,© 1,0x9,5 0,5x6,5
1 ©v,093 v,851 0,087
2 . 0,034 U,016 0,023
3 8,027 b,015 ¥,013
4 V,020 v,020 ©,d20
3.5.3. Summary of Results.
. Donor plants differed in ability to differentiate

plantlets and the rate at which they accumulated fresh

mass.

. Plantlets differentiated on the cut (wound) surface on

explants.

. The smaller the explant., the more economical its use

for regenerating plantlets.

. The larger the explant, the larger the 1initial mass of

the plantlets regenerated.
. After 16 weeks 1in culture, the mass of plantlets was

unaffected by the size of the explant from which they

were derived.
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3.5.4. Discussion.

Changes 1in tissue metabolism in response to wounding are
similar to those following the induction of organogenesis
in tissues. Cytochemical investigations by Patel & Berlyn
(1983) revealed various steps leading to adventitious shoot

development. in vitro:-

1. Increased DNA, RNA and basic nuclear protein
synthesis.

2. Accumulation of lipid, protein and starch
reserves.

3. Utilisation of reserves in organogenetic domains
and their mobilisation in subadjacent tissue by
lipase and amylase activity.

4. Organ formation concomitant with increased enzyme
activity associated with energy production and
utilisation, increased acid phosphatase, glucose
- 6 - phosphatase and succinate dehydrogenase
activity. Intense localisation of reducing
substances, chiefly ascorbic acid and

peroxidases.

In response to wounding, Macnicol (1976) observed similar
metabolic changes. A rise in the respiration rate
(induced respiration) occurred in response to wounding.
The magnitude of this respiration was proportional to the
rate of DNA, RNA and protein synthesis. The induced
respiration was accompanied by increased gyglycolytic cycle,
tricarboxylic acid cycle and pentose phosphate pathway
activity, as well as synthesis of polyphenols, oxidative

and hydrolytic enzymes and phenylalanine ammonium lyase.
van Aartrijk & Blom-Barnhoorn (1983) and Dbouglas (1985)

report an 1interaction between explant size and

productivity: the incidence of plantlets on explants rose

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



89

with decreasinyg explant size up to some nminimum explant
size, after which it decreased once again. This effect
was attributed to the wound response metabolism of the
tissues (van Aartrijk & Blom-Barnhoorn, 1983); smaller ex-
plants have relatively yreater wound surfaces than larger

explants.

The inhibitory effect of extensive wound areas on the
ability of explants to initiate plantlets in vitro is prob-
ably the result of the low energy status of the tissues.
Macnicol (1976) observed that the greater the relative
wound surface on an explant, the higher the induced
respiration rate. According to van Aartrijk & Blom-
Barnhoorn (1983) the wound effect extends 2 - 5 mm from the
cut surface of the explant. By dividing 1,0 cm leaf discs
into an inner and an outer ring, Macnicol (1976) showed a
similar rise 1in the level of hexose monophosphates in both
areas of the disc. However, ATP in the inner ring was al-
ways higher than in the outer rinyg, suggesting that wound-
ing lowered the available ATP level in the outer disc

tissue.

In this experiment, plantlets differentiated in association
with cut (wound) surfaces on explants. A constant number
of plantlets differentiated per unit wound surface on the
explant, regardless of the size of the explant. As smal-
ler explants have a relatively larger cut surface area per
unit. area, 9,5 x ¢,5 cm explants were the most economical
explants to use for regenerating plantlets, in terms of the

amount. of tissue required.

Although the larger explants had plantlets that initially
gained mass rapidly, after sixteen weeks in culture no dif-
ference could be observed between the mass of plantlets

derived from different sized explants.
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CHAPTER 4.

THE EFFBECT OF PHYTOHORMONONES ON ORGANOGENESIS IN ORNITHOGALUM

LEAF EXPLANTS IN VITRQ.

Introduction.

Oryanogeneslis comprises cytodifferentiation and
morphogenesis. Cytodifferentiation refers to the de-
differentiation of a cell and the formation, by means of
cell division, of a cluster of cells in close contact,
usually confined within the old cell wall, which are com-
petent to be stimulated to organogenetic growth. Such a
group of cells is referred to as a generalized primordium

(Letham, Goodwin & Higgins, 1978).

During morphogenesis, organs re-differentiate. Differen-
tiation depends on the activation, evocation or release of a
wide ygroup of genetic factors which produce proteins respon-

sible for differentiation (Thimann, 1977).

Gene expression, or protein synthesis, has been shown to be
regulated by plant growth regulators at both the transcrip-

tional and translational levels (Moore, 1979).

It 1s the balanced interaction of hormones which is respon-
sible for organogenesis (Thimann, 1977). However, while
the commitment to an organ type depends on the hormonal
environment.,, this in turn is governed by environmental fac-
tors (notably light, temperature, medium choice and other
nutritional factors) and genetic factors (ploidy, age of the
primordium and strain differences) of both the explant and

the donor plant (Letham, Goodwin & Higgins, 1978).

The aim of the investigations reported in this chapter was
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to assess the role of the phytohormones Napthaleneacetic
acid (NAA) and Benzylaminopurine (BAP) and their interaction
on in vitro plantlet initiation and the related rate of

fresh mass accumulation by Ornithogalum ‘Rollow' and Or-

nithogalun maculatum leaf explants in vitro.

Explants, 1,V x 1,6 cm in size, derived from leaves of
greenhouse grown donor plants were sterilized and innocu-
lated onto Nel's (1981) medium. Four different auxin con-
centrations (0,¥; ©,1; 1,9; 2,0 mg.dm"'3 NAA) were combined
with four different cytokinin concentrations (90,0; 1,9; 2,0;
4,0 mg.dm'3 BAP) to yield a total of 16 different hormone
combinations. The explants were cultured for 16 weeks

(Ornithogalum ‘Rollow') and 12 weeks (Ornithogalum

maculatum) and subcultured at 8 week intervals.

Initially, 20 replicates were used in each treatment., al-
though some losses occurred as a result of contamination and
test tube breakage. bata on the number of plantlets in-
itiated by explants in response to the phytohormone con-

centration in the medium was obtained from 248 Ornithogalum

‘*Rollow' and 204 Ornithogalum maculatum explants. Fresh

mass data was obtained from 264 Ornithogalum ‘Rollow' ex-

plants and from 228 Ornithogalum maculatum explants.

Fresh mass determinations were made at 4 week intervals, and
plantlets were counted at weekly intervals. Absolute
growth rates were determined from the fresh mass data
(Hunt, 1978).

Analyses of fresh mass data and plantlet counts were done
using the BMDPAM programme to estimate missing values and
BMDP2V for the analysis of variance of the data (Dixon,
1985). Time 1s regarded as a single variable with fourteen
different levels. To assess the effects of various
phytohormone combinations on the rate of plantlet
initiation, regressions were calculated and the angle of in-

clination of the regression line was used as an indication
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of the influence of phytohormones on the rate of plantlet

initiation relative to the experimental mean.

4.2 RESULTS .

4.2.1 The influence of phytohormones on in vitro plantlet
initiation by Qrnithogalum ‘"Rollow' and Ornithogalum

maculatum explants.

Of the two Ornithogalums tested, only Ornithogalum ‘Rollow'

explants initiated plantlets in vitro. The phytohormone
levels in the medium were found to significantly affect
plantlet initiation on Ornithogalum ‘Rollow' explants (Table
26).

TABLE 26. Results of an analysis of variance showing the in-

fluence of phytohormones on plantlet initiation by

Qrnithogalum ‘Rollow'.

Source of Variation. Variance ratio.
. o * %
Experimental mean 796,67
* %k
BAP 6,44
*x %
NAA 3,76
* X*
Interaction: BAP X NAA 5,01
* %k
TimeT 475,75
* X
Interaction: Time x BAP 5,83
* Kk
: Time x NAA 2,72
%* K
: Time x BAP x NAA 5,01
111

Time is regarded as a single variable, with fourteen
levels.

: Highly significant result ; Reject HO at p = 0,01.
Figure (8) shows linear regressions of the effect of a given

phytohormone combination on the rate of plantlet initiation

over time. For comparisons, the angles of incidence (XK) of
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the regressions were calculated. The larger the angle, the
more successful the treatment. The performance of all
treatments was assessed relative to the experimental mean
(X = 66,70°).

The optimal NAA concentration for plantlet initiation ap-

pears to be ©,1 mg.dm”3

irrespective of the BAP concentra-
tion (as suggested by Nel, 1981). The optimal BAP con-
centration irrespective of the NAA concentration in the

medium lay between 1,0 - 2,0 mg.dm-3BAP.
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NAA 0 mg.dm ° 0,1 mg.dm ° 1,0 mg.dm °’ 2 mg.dm ° X BAP
- 50 « = 46,945 a=43,47° a=h7,75° @=71,71° @ =61,90°
.l
-
o:'J b 25
£ .. )
| — [ o
. -g‘ 50 0_61’82 a=72198‘ r a=72; 300 a=67;96° a=69,8°
¢
3
3
O-
. a=72,78° a=71,74° a =54,08° a =70,09°
e
=
on
£
<
™~
~ s a=55,17° a=65,42° a =60, 58° a =55, 96 ® =62, 24°
<
£17% < - .
N ~ . ) e -
g
s a=64,80° =67, 44° . a=61,73° ¥=64,82° s per fibl 3
< . . g X 3
::; - .
i . / /
X : \ . ' . . .
4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 16 4 8 12 1€
Time (wececks)
« : The angle of incidence of the regression line (tanm)
Figure 8. Linear regression showing the effect of the phyrohormone concentration

and the length of the culture period on plantlet initiation in vitro
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BAP concentrations of 4,4 mg.dm“3 appeared supra-optimal,
inhibiting in vitro plantlet initiation. An 1interaction
between the concentrations of NAA and BAP in the nutrient
medium occurred (Figure 8). The following relationship be-

tween phytohormone concentrations was apparent:-

Cytokinin concentration. Optimal auxin concentration.
9,0 mg.dm™3 BAP 1,0-2,0 mg.dm™> NAA

1,0 mg.dm"'3 BAP v,1-2,0 mg.dm'3 NAA

2,9 mg.dm'3 BAP 2,0-1,9 mg.dm'3 NAA

4,0 mg.dm‘3 BAP supra optimal cytokinin

concentration.

The strong time dependence of plantlet initiation 1is
stressed by the linear relationship which exists between the
length of the culture period and the number of plantlets on
the explant. Slight deviations from linearity occur when
the explants are subcultured onto fresh medium after eight

weeks.

Bulb development. on the explants was inhibited by BAP, but
multiple shoot formation by plantlets at concentrations of
BAP below 4,9 mg.dm—3 BAP was stimulated (Figure 9). Nap-
thaleneacetic acid added to the medium was involved in mul-
tiple shoot formation on explants, and, in combination with

BAP promotes branching of adventitious shoots.
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Fig. 9. The effect of phytohormones and their interaction

on plantlet formation on Ornithogalum ‘Rollow' ex-

plants in vitro. (Phytohormone concentration
expressed in mg.dm'3.)
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The influence of phytohormones on the rate of fresh

mass accumulation by Ornithogalum ‘Rollow' and Qr-

nithogalum maculatum in vitro.

The phytohormone concentrations, both alone (Ornithogalum

‘Rollow' Table 27) and through their interaction

(Ornithogalum ‘Rollow' and Ornithogalum maculatum Table 27)

determine the fresh mass of the explant. In Ornithogalum

‘Rollow' where plantlet ditfferentiation occurred on the

explant, the rate of plantlet initiation and thus fresh mass

accumulation was also influenced by the 1in vitro

phytohormones.

Table 27. Analysis of variance showing the effect of phyto

hormones and the culture period on fresh mass ac-

cumulation by Ornithogalum "Rollow' and Qr-
nithogalum maculatum explants in vitro,

Source of variation. Variance ratio.

Ornithogalum Ornithogalunm

‘Rollow’ maculatum
. * * * Kk
Experimental mean 730,70 867,56
* k
BAP 6,95
* X
NAA 5,28
. *x K *x K
Interaction: BAP x NAA 1,57 2,45
* %
Time . 260,01 1,52
* %
Interaction: BAP X Time 7,54
* %
NAA X Time 4,99
* %
BAP x NAA x Time 1,068 9,75
%* %

Highly significant result; reject HC at p = 9,01

Significant result; reject H® at p = ¥,05.
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Figure 10. The effectl of phyltonormones on the fresh mass accumulation
rate ol Ovr.ilhiogalum 'Rollow' explants in vitro.
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4.2.2.1 Fresh mass accumulation by Ornithogalum "Rollow'
explants.

The relationship between the rate of fresh mass accumulation
and time deviates from linearity (Figure 10). The resul-
tant asymptotic growth curves which cannot be transformed to
linear form, indicate that fresh mass accumulation by ex-
plants 1s a function of the linear dimensions of the explant
and the initiated plantlets on the explant. The rate of
fresh mass accumulation was also determined by the phytohor-
mones in the culture medium (Figure 1¢). From the graph
(Figure 1@) it appears that the concentration of NAA was op-

3

timal between ¥,1 and 1,0 mg.dm ° while the optimal BAP con-

centration was between 1,0 and 2,0 mg.dm'3. Confidence
limits for contrasts to determine the influence of interac-
tions bhetween the phytohormones in the culture medium were
calculated (Figure 10). A positive value indicated that
the treatment performed less well than the control ( a X =
X control - X treatment). The following interaction be-

tween the phytohormones was apparent.:-

Cytokinin concentration. Optimal auxin concentration.
3,9 mg.dm’3 BAP 1,0 mg.dm'3 NAA
1,0 mg.dm"3 BAP v,0-1,9 mg.dm"3 NAA
2,0 mg.dm-3 BAP v,0-1,0 mg.dm”3 NAA
4,0 mg.dm—3 BAP w,1 mg.dm_3 NAA

4.2.2.2 Fresh mass accumulation by QOrnithogalum maculatum

exglants.

Ornithogalum maculatum explants failed to differentiate

plantlets in vitro. Thus, after an initial response, no
change in the response of explants to various combinations
of phytohormones could be detected over time (Table 27) .

The response of the explants fresh mass to various
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phytohormone combinations was compared (Figure 11).

Test statilstics were calculated to test whether results dif-
fered significantly from the control (Table 28). As no
plantlet initiation occurred, a signiticant value indicated
that the phytohormone combination adversely affected the
rate of fresh mass accumulation. The following interaction
occurred between the fresh mass of the explants and the com-

bination of phytohormones in the culture medium:-

Cytokinin concentration. "Optimal" auxin concentration.
v, mg.dm-3 BAP P,0-0,1 mg.dm"3 NAA
1,0 mg.dm"3 BAP 0,0-1,0 mg.dm'3 NAA
2,0 mg.dm™3 BAP 0,0-1,0 mg.dm™3 NAA
4,9 mc_;].dm"3 BAP P,0-1,0 mg.dm'3 WNAA
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Figure 11. The interaction between napthaleneacetic acid

(NAA) and benzylaminopurine (BAP) and its effect on fresh
mass accumulation by Ornilhogalum maculatum. Concentrations

of BAP: 0 mg.dm—3 (x); 1 mg.dm"3 (@) 2 mg.dm"3 (%) ;

4 mg.dm~3 ().
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Table 28. Test statistics to determine the effect of phyto-

hormone combinations on fresh mass accumulation by

grnithogalum maculatum explants.

NAA concentration.

BAP 0] mg.dm'3 9,1 mg.dm~3 1 mg.dm~3 2 mg.dm'3

concentration

0,0 mg.dm~> 1,15 1,82 6,81"" 7,26 "

1,0 mg.dmw~3 ¢,91 0,91 2,91 5,22"

2,0 mg.dn~3 ©,11 controlT 3,86 6,35
-3 * o ** * %

4,0 wg.dm 5,45 0,07 13,62 21,79

T Nel's (1981) suyggested phytohormone combination was taken

as the control.

NOTE: To test the null hypothesis ( aX = Q) the test

statistic

T = ss for contrasts
MSE

is referred to the F distribution; where T is the test

statistic, and MSE 1is the mean sguare error.

indicates a significant

F1,213 ; v,95 = 3.89
reduction in fresh mass as

compared to the control.

** indicates a highly

o

F1,213 ; ©,99 = ©.70
significant reduction 1in

fresh mass as compared to

the control.

Suiamary of Results.

Exogenous NAA and BAP applications are not essential

for in vitro plantlet initiation on Ornithogalum
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‘Rollow' explants, nor are they capable of inducing or-

ganogenesis in Ornithogalum maculatum explants which

failed to differentiate plantlets in vitro.

The optimum phytohormone concentration for plantlet in-

itiation and fresh mass accumulation by Ornithogalum

‘Rollow' was determined by the interaction between the
concentration of the phytohormones in the medium. In-
creasing BAP levels resulted in decreasing NAA

requirements.

. The complexity of the explant resulted in non-
homogenous responses to the exogenously applied
phytohormones, as a result, dose-response relationships

could not be established for the phytohormones tested.

Discussion.

Since the discovery that organogenesis can be manipulated by
adjusting the auxin:cytokinin balance in the nutrient medium
(skooy & Miller, 1957), in vitro multiplication techniques

have been successfully applied to many plant species.

Nel (1981) reported optimal shoot formation on explants of
Ornithogalum hybrids in response to d,1 mg.dm'3 NAA and 2,0

mg.dm"3 BAP. In this experiment this phytohormone combina-
tion was considered to bhe the control relative to which all

other exogenous hormone combinations were judged.

Plantlet initiation occurred on Ornithogalum ‘Rollow'

explants, but Ornithogalum maculatum explants failed to

respond to the same experimental conditions under which Or-

nithogalum ‘Rollow' explants initiated plantlets in vitro.

The optimal exogenous concentration of a given plant hormone

for plantlet initiation on Ornithogalum ‘Rollow' explants

and from fresh mass accumulation by Ornithogalum ‘Rollow’
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anda Ornithogalum maculatum explants was found to be deter-

mined by the levels of other exogenous hormones in the
explants' environment. With lncreasing exogenous cytokinin
concentrations, the optimal exogenous auxin requirement. for
plantlet initiation decreased. At ©,0 mr._;.dm'3 BAP the op-
timal auxin concentration was between 1,0 - 2,0 mg.dm"3 NAA,
while at 2,0 mg.dm"3 BAP the optimal auxin concentration
decreased to 9,90 - 1,0 mg.dm‘3 NAA. A similar trend in
the phytohormone levels required for fresh mass accumulation

by these Ornithogalum ‘Rollow' explants was observed. At

g,9 mg.dm"3 BAP the optimal auxin concentration was 1,0
mg.dm'3 NAA while at 4,0 mq.dm'3, 0,1 n@.dm'3 NAA in the

medium was optimal.

A clear interaction between auxin and cytokinin on fresh

mass accumulation by Ornithogalum maculatum explants was not

observed. The optimal auxin concentration at ¥,¢d and 4,0
mg.dm'3 BAP was 0,1 mg.dm"3 NAA. Between 1,0 and 2,0
m«‘:;.dm"3 BAP explants accumulated fresh mass over a range

(0,86 - 1,0 mg.dm-3 NAA) of auxin concentrations.

The synthetic auxin, NAA, used in this experiment was chosen
because: -
1l). It 1is nore stable than IAA, and media containing
it. may be stored for longer periods of time.
2). It is effective over a wider range of concentra-

t.ions than most other auxins.

In the absence of BAP, auxin appeared to stimulate or-
ganogenesis (Figure 8); suppressing bulb development, shoot
elongation and ultimately, root formation, with increasing

concentrations (Figure 9).

Hussey (1976) reports that the cytokinins, kinetin or BAP
(6,12 - 2,0 mg.dm'3) had no effect on plantlet initiation by

Ornithogalum thyrsoides explants. Generally,

monocotyledons differ from dicotyledons in that exogenous
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cytokinins are not essential for in vitro shoot initiation
(Letham, Goodwin & Higgins, 1978). In this experiment., al-
though BAP was not essential, concentrations bhetween 1,0 -

3

2,0 mg.dm™” were optimal for organogenesis (lFigure 8) and

fresh mass accumulation (Figure 1¢) by Ornithogalum

*Rollow'. Slightly higher concentrations (2,0 - 4,9 mg.dm

'3) stimulated fresh mass accumulation by Ornithogalum

maculatum explants.

Explants from Ornithogalum ‘Rollow', Ornithogalum thyrsoides

(Hussey, 1970) and Ornithogalum conicum (Halaban, Galun &

lialevy, 1965) have been shown capable of differentiating
plantlets 1in vitro in the absence of exogenous

phytohormones. Unlike Ornithogalum thyrsoides, Or-

nithogalum ‘Rollow' failed to differentiate plantlets

directly on the leaf bases in vivo.

The absence of a reguirement for exogenous phytohormones is
termed hapituation, and implies that sufficient levels of
phytohormones are produced by the explant organs of species

of the genus Ornithogalum to allow organogenesis to occur

independently from exogenous phytohormone levels.

Two treatments are generally used to induce rooting in
vitro. These treatments stimulate rooting during different
phases of organogenesis (Letham, Goodwin & Higgins, 1978).
Firstly, roots are induced on media with equimolar con-
centrations of auxin and cytokinin. Reports on
monocotyledonous cultures indicate that auxin alone may be
rhizogenic - another indication of the cytokinin autonomy
of these plants (Letham, Goodwin & Higgins, 1978). This
treatment may stimulate cytodifferentiation’ (primordium
development) in the presence of sufficient levels of auxin
for subsequent root formation (Letham, Goodwin & Higgins,
1978). withdrawal of cytokinin and/or auxin from the
medium may counteract the effect of suppression of root

development by exogenous hormones in the culture medium
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(Letham, CGoodwin & tligyins, 19Y78). Hussey (1976)
reported a stimulatory etffect of IAA anda an inhibitory ef-

fect. of NAA on rooting in Ornithogalum thyrsoides. The

second method for 1inaucing root formation, used by Nel
(1981) is the omission of phytohormones from the nutrient
wedium (Letham, Goodwin & Higgins, 1978). No direct root.-

ing of the explant occurred on Ornithogalum ‘Rollow' ex-

plants as observed on (Urnithogalum thyrsoides explants

(Hussey, 1970). Roots occurred sporadically on the in

vitro plantlets on all media.

The failure of an explant to undergo organogenesis in
response tO an exogenous phytohormone may result from the
environmental conditions to which the explant is exposed.
Environmental factors such as light, temperature and medium
composition may all be involved, as well as genetic factors

(ploidy, age of the tissue and generic variability).

Hussey (1975) found it impossible to predict the in vitro
response of members of the monocotyledonous families
Amaryllidaceae, Liliaceae and Iridaceae on the basis of

taxonomic relationships.

The donor plant from which the explant is derived also
determines the explants' ability to undergo organogenesls.
The physiological state of the donor plant and 1its nutri-
tional and environmental conditioning are 1important. In
addition, when explant material is selected, the following
characteristics of the donor material must be considered

(1ran, Thanh van, 1981) :-
i. The photosynthetic rate of the donor plant.
ii. Any host/parasite interrelation.

iii. Any symbioses which may exist.

When a plant is difficult to propagate in vitro the dif-

ficulties can sometimes be overcome by manipulating environ-
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mental factors to which the explant or the donor plant is
exposed, or by substituting one explant source for another.
Manipulating these factors may achlieve success. However,
it does not promote the understanding of the processes con-

trolling organoyenesis.

The regulation of organogenesis by hormones "is little
understood. One of the problems involved 1in understanding
the mechanism of organogenetic differentiation is the
limitations which are imposed by the complexity of available
explant material. Different tissues respond differently to
the same plant hormone concentrations and exert feedback ef-
fects on each other. In order to establish dose-response
relationships between hormones and organogenetic processes
(which 1is necessary for controlling organogenesis) it is es-
sential to simplify the experimental system or explant.
The target cells involved in morphogenesis must be removed
from the heterogeneous mass of cells which constitute the
explant organ (Tran Thanh Van, 1981). Tran Thanh Van
(1981) suggests the use of single homogenous layers of
tissue on which uniform responses to various stimuli can be
obtained. A drawback of this technique is the reduction in
viability which often occurs 1in small explants. However,
this can be overcome in many instances by culturing several

small explants together (Seabrook, 198¢).
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CHAPTER 5.

THE EFFECT OF CARBOUYDRATLES IN VITRO ON THE GROWTH YIELD OF
QRINITHOGALUE LEAF BASE EXPLANTS.

5.1 Introduction.

This chapter comprises two experiments. In the first
experiment, sucrose and mannose (a glucose stereoisomer en-
countered in cell walls but sparingly utilised for growth
(Maretzki, Thom & Nickell, 1974) were added to Nel's (1981)
medium containing 0,1 mg.dm'3 NAA and 2,¢ mg.dm'3 BAP to

give a total carbohydrate concentration not in excess of 8¢

g.dm'3 as follows:-
Mannose
(9-dm"3)
%] 1u 30 50 79
sucrose 9 X X X X X
(g.dm‘3) 190 X X X X X
30 X X X X
59 X X X
70 X X

The purpose of the experiment was to determine to what ex-
tent the osmotic contribution of carbohydrates to the medium

stimulated growth. The response of two Ornithogalums, the

specles maculatum, and the cultivar' 'Rollow' were tested.
Mannose was used in preference to mannitol, as Maene &
Debergh (1985) showed that mannitol was toxic at. concentra-

tions greater than 20 g.dm"3

Leaf base explants were supported on filter paper bridges to
eliminate the osmotic effect of agar in the nutrient medium
(Reinert. & Yeoman, 1982). The osmotic potential of the
nutrient medium was determincd initially, together with the

explant fresh mass. Fresh mass determinations and plantlet
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counts were made after 3 and 6 weeks 1in culture. Three

hundred and eighty-seven Ornithogalum ‘Rollow' and fifty-

elyht. Ornithogalum maculatum explants were used for this

experiment.

Dry masses were determined according to the microwave drying
technique of Ferreira (1982), and the water content of the
explants was derived from the data according to Noggle &
Fritz (1976).

In the second experiment, sucrose at:- 0; 10; 20; 30;: 40;
50; 60; 70; 80; 9U; 1lW0 g.dm™ > was added to Nel's (1981)
medium solidified with 6 g.dm'3 agar. Phytohormones, which

are known to interact with carbohydrates in the nutrient

medium were omitted from the medium ({Tran Thanh Van,
1977). .
Leaf base explants, 1,8 x 1,0 cm in size were used. Ex-

plant fresh mass was determined initially and together with
the incidence of plantlets at four week intervals for six-
teen weeks. Two hundred explants were involved 1in this

experiment.

The aim of this experiment was to determine the optimal
sucrose concentration in Nel's (1981) medium for adven-

titious shoot initiation. As Ornithogalum maculatum failed

to differentiate plantlets under the experimental
conditions, only the response of the cultivar ‘Rollow' was

tested.

The effect of the various sucrose concentrations on the
resultant plantlets was assessed 1in terms of shoot length

and root formation.
The treatments in the different experiments comprised twenty

replicates. The normality of the distribution was checked

using BMDPS5D (Dixon, 1985) and anovas were produced using
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BiIDP2V (bixon, 1985). Where witnin-treatment variance was
uniform, contrasts were used. To ensure the stated con-
fidence limits on ad hoc contrasts (used to generate
hypotheses), the Scheffe procedure (Brown & Hollander, 1977)
was used. Where within-treatment variance differed
significantly, pairwise t-tests (based on separate sample

variances) were used to assess the significance of the

results.
5.2 Results.
5.2.1 The effect of carbohydrates on the water potential of

Nel's (1981) mediunm.

Considerable variability between thermocouple measurements
of media water potential occurred. On the basis of the
measurements made using ligquid media, the following
relationship between the initial mannose concentration (x)

and the water potential (y) of the medium is proposed:-
y = =162 -165,89 x s r = -p,99

Similarly, the relationship between the sucrose concentra-
tion ( x ) and the water potential (y) of the nutrient media
including data obtained for media containing 80 g.dm"3

rather than 74 g.dm’3 sucrose, was:-

-lsv,53 - 6,51x st r = -=9,9%0

Y

The ratio of initial to final water potential 1is given 1in
Table 29. The decrease in water potential during the sub-
culture period was more marked at higher 1initial car-

bohydrate concentrations.
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Tzbie 29 . Avercwge wezter poitentials of mediz (-<Pa) on waich

Orvithogrlum 'Rollow' wac suuscultured showing the ratio of

fingl:initisal water potertisl (as a percerntage value).

l‘lm‘.nosé’ 0 10 - 30 50 70
(n‘\.}.dnn- )
0 Initial 193,7 1,2% 332,5 1,1% 253,23 1,7% 387 1,4% 340,7 1,3%
Final 228,5 3717,5 434,5 524 451
10  Imitial  266,7 1,3% 284,3 1,6 241 1,5% 1086 1,24 699 1,1%
Finul 353 460 357 1291 750
Sucro~e 30  Initial 262,7 1,0% 330 0,7% 698,7 1,0% 534,7 3,5%
Grg. i) Final 256,5 234,5 710,7 1860
50 lnitial 412,55 2,0% 329 2,2% 353,5 4,3%
Final 805 717,Y 1532,7

70 Initial  254,3  2,9% 343,3 2,8%
Final 748 969

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



163

The effect of the carbohydrates in liquid media on the

rate of callus differentiation by Qrnit lum

maculatum explants and plantlet initiation on Qr-

nithogalum “Rollow' explants.

Ornithogalum maculatum explants failed to differentiate

plantlets in vitro. The incidence of callus formation rose
. . . . * * %
with increasing sucrose concentrations (S = 2,607 : p =

3

¥,01) from ©,¢ to 80,0 g.dm” ° sucrose.

The concentration of sucrose in ligquid media did not affect

the number of plantlets produced by Ornithogalum "Rollow'

explants in vitro. The x2 value, although not significant
(X2 =9,433; p = 0,0511) occurs between the 90 and 95% con-
fidence limits. Of all the explants tested, 32,6% produced
plantlets, while ©7,4% failed to respond in culture. The
lack of an in vitro response indicates that additional fac-
tors to those controlled by the experimental conditions are
involved in determining the in vitro response. The rate of
plantlet formation on the explants which differentiated

plantlets is presented in Table 30.

Table 3¢. The effect of sucrose concentration on in vitro

plantlet initiation rates on Qrnithogalum “Kollow'

explants.
Sucrose concentration. Frequency of shoot
production by explants.
6,0 g.dm™3 24,5
16,0 g.dm™3 24,4
30,0 g.dm™3 20,7
50,0 g.dm™3 15,2
70,0 g.dm™3 15,2

The distribution of plantlets formed on the explants was

also calculated (Table 31).
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Table 31. The freyuency of plantleft occurrence on

Oornithogalum “kollow' explants.
ornlrtnogad ul KO L LOW E

pumber ot Percentage of
plantlets/explant. total explants.
U/ explant 67,4 %
1-5/ explant 14,8 %
6-1w/ explant 14,2 %
>1u/ explant 3,6 %

The concentration ot mannose 1n the mediun faliled to sig-

nificantly affect the rate of callus formation on Or-

nithogyalum maculatum explants (X4 = 8,09 NS ; p = ©6,05) or
plantlet initiation (Xz = §,25 NS ; p = K,U8) on Or-
nithogalum ‘Kollow' explants. The interaction between man-

nose and sucrose in tle medium falled to significantly af-
fect the rate of plantlet initiation on explants (X2 =
68,583 Ns ; p = ¥,14). However, the interaction between
mannose and sucrose in the medium atffected the incldence of

callus formation on Urnithogalum maculatum explants, (X2 =

* . . .
33,5484 ; p = Wb,ud). The 1incidence o0f callus 1i1ncreased
with increasing carbohydrate concentrations in the nutrient

mediun.

0f all the explants initiating plantlets, 89¥,9% contalned
chlorophyll. The concentration of carbohydrate 1in the
meaium did not significantly affect the incidence of
chloropnyll in explants (X2 = 29,343 NS; p = ©,06061)
Nelther the concentration of sucrose alone (X2 = 1,193 NS;
p = ¥,879) nor mannose (X2 = 3,738 NS; p = ©0,443) affected

the chlorophyll content of the explants.
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5.2.3 The effect of sucrose in agar solidified media on

organogenesis and differentiation of plantlets on

ornithogaluw "Rolloy' explants.

Variance ratios derived from an analysis of variance (Table
32) indicate that the sucrose concentration in agar
solidified media significantly affects the initiation of

plantlets by Ornithogalum ‘Rollow' explants. Similarly,

the length of the culture period also determines the number

of plantlets formed.

Table 32. Results of an analysis of variance showing the

effect of sucrose on plantlet initiation by

ornithogalum "Rollow' explants.

Source of Variation. Variance ratio.
. o n.2
Sucrose Concentration. 2,80
. . * X
Culture Period. 78,15
* k
Interaction: Sucrose conc. 2,96

X culture period

llighly significant Result; reject HC at p = ©.01.

Contrasts to determine the significance of the treatment. ef-
fect indicated that a minimum of 30 g.dm'3 sucrose 1in the
medium was required for optimal plantlet proliferation.
Increasing the sucrose concentration to 14© g.dm"3 failed to
have any additional effect on plantlet initiation. At or

below 19 q.dm'3 sucrose 1in the medium, plantlets failed to

develop (Table 33).
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Tairle 33. Contrast results showing the effect of sucrose

concentration on plantlet 1initiation on

Qrnithogalum "Rollow' explants.

sucrose concentration. Test Statistic (F).

Y g.dam 3 No shoot initiation-observed.
19 g.dm 3 No shoot. initiation observed.
26 g.dm™3 -13.11%"

30 g.dm'3 controlT
. =3
480 g.dm 0,02
50 g.dm’3 v,76
6 g.dm"3 0,02
7¢ g.dm™3 v, 22
80 g.dm™3 0,41
9% g.dm™3 v, 14
199 g.dm™3 1,63

: Highly significant result, Reject HP at at p = 0.0l.
T . Control corresponds to sucrose concentration suggested

by Nel (1981).

A contrast was used to determine the effect of the sucrose
concentration on the rate of shoot elongation in vitro
(Tanle 34). The optimal sucrose concentration for shoot

3

elongation is 30 g.dm ° sucrose. Higher or lower sucrose

concentrations adversely affect shoot elongation.
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Table 34. Contrast results showing the effect of the sucrose

concentration in the medium on shoot elongation by

ornithogalum "Rollow' explants.
Sucrose concentration. Test statistic.
© g.dm'3 No shoot. initiation observed
10 g.dm"3 No shoot initiation observed
20 g.dm™3 -5,41""
30 g.dm'3 controlT
40 g.dm™3 -5,16™*
50 g.dm™3 -4,96""
60 g.dm™3 -5,13%*
70 g.dm™3 -8,44""
80 g.dm™3 -8,73%*
99 g.dm™3 -12,50""
100 g.dm™3 -19,51""

: Highly significant result, Reject H® at p = ¥,0l.
T control corresponds to sucrose concentration sugygested by

Nel (19s8l1).

The effect of sucrose on rooting was also noted. In vitro
plantlets rooted on media containing 3¢ to 60 g.dm"3 sucrose
(Table 35). At higher or lower levels, rooting was

inhibited.
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Table 35. Contrast results showing the effect of the sucrose

content of the nutrient medium on the number of

roots formed on in vitro plantlets.

sucrose concentration. Test statistic.

Y g.dm™ > No root initiation observed.
10 g.dm'3 No root initiation observed.
20 g.dm™3 -3,54™"

30 g.dm'3 ControlT
44 g.dm‘3 -1,75

50 g.dm™3 -2,44

60 g.dm™3 -0,86

70 g.dm™3 -5,67%*
80 g.dm™3 -4,68""
90 g.dm™3 -8,34™"
100 g.dm'3 —8,91**
* *

: Highly significant result : Reject H® at p = U,¥l
T  control corresponds rO sucrose concentration suggested by
Nel (1981).

5.2.4 The effect of carbohydrates on fresh mass accumulation
by Ornithogalum maculatum and Qrnithogalum "Rollow' ex-

plants on liquid media.

The anova (Table 36) showed a highly significant effect of

carbohydrates in the medium on Ornithogalum fresh mass

accumulation.
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Table 30. Results of an analysis of variance showing the effect

of the carbohydrate content of the nutrient medium on

the rate ot fresh mass accumulation by Qrnithogalum
‘Rollow' and Qrpithogalum jnaculatum explants in vitro,

Culture Period Change 1in

fresh mass

between
3 weeks 6 weeks 3-6 weeks
Source of - in culture.
variation. O.M. ‘Rollow O.M. ‘Rollow’ 0.M. 'Rollow'
Treatment. 5,26°° 4,92 5,55%% 4,12 3,13% 1,84™"
Equality of means test; variances not assumed equal.

Welch
Brown
Eqgual

varilia

5,22 4,51%" 6,53 4,03 4,22™" 1,94™"
-rorsythe 5,15%% 4,95 s5,40™* 4,16"" 3,26"" 1,87""
ity ot

* K * % * %k * % * %

nce test 2,17 1,53NS 3,96 2,90 3,71 2,95

Highly significant result; reject HC at p = v,0l.

The rate of fresh mass accumulation by shoot-forming

Oornithogalum ‘Rollow' tissues was lower than that of non-

shoot forming Ornithogalum maculatum tissues (Table 37).
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Table 37. Experimental means showing the rate of fresh mass
accumulation in Qrnithogalum maculatum and
Qrnithogalum "Rollow' explants (in grams).

Culture Period
Explant source 3 weeks o weeks Change 1in SEM*
fresh mass
between
3-6 weeks

in culture.

Ornithogalum 9,059 0,071 0,012 0,003
maculatum

Ornithogalum Jv,u18 v,024 v, d0o 0,002
‘*Rollow"

*SEM : Standard error of the mean.

Contrasts were carried out where variances were equal and
pairwise t-tests based on separate sample variances were
used where the sample variances differed significantly,
(Table 36), to determine the effect of carbohydrates in the
medium on the rate of fresh mass accumulation. No sig-
nificant effects of carbohydrates in the medium on fresh

mass accumulation could be obtained from the Ornithogalum

maculatum data based on the t-tests. Anovas are nore
robust, while t-tests have more stringent requirements for
significance. This explains the apparent contradiction in

results.

After three weeks in culture, the sucrose content in the
medium affected the rate of fresh mass accumulation by Or-

nithogalum ‘Rollow' explants (Table 38).
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Table 38. Results of a contrast in population means showing

the influence of sucrose on the rate of fresh mass

accumulation by Ornithogalum ‘qulow' explants in

vitro after 3 weeks in culture.

Sucrose concentration. Test statistic.
] g.dm'3 2

10 g.dm™3 1

3¢ g.dm'3 Control T

50 g.dm™3 6,312

70 g.dm™3 1,44

80 g.dm™3 1,72

T 7he control was taken to be 30 g.dm‘3 sucrose as proposed
by Nel (1981). Test statistics did not differ significantly

at p = ©,01, thus HP cannot be rejected.

A significant interaction between the concentration of
sucrose and mannose in the medium on the rate of fresh mass
accumulation (Table 39) was observed after three weeks in
culture. At certain sucrose concentrations in the mediun,
the mannose concentration had a significantly adverse effect

on the rate of fresh mass accumulation (Table 39).
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Table 39. The results of a contrast in population means

showing the effect of mannose at various sucrose

concentrations on the rate of fresh mass accumula-

tion by Qrnithogalum “Rollow' explants in vitro

after three weeks in culture.

Sucrose concentration. Mannose concentration. Test statistic.

Y g.dm™3 16; 390; 50; 70g.dm”3 1,65
19 g.dm™3 10; 30, S0; 70g.dm™3 3,15"
30 g.dm-3 10; 30; 50 - g.dm'3 2,79*
50 g.dm”3 10; 30 g.dm™3 2,57
70 g.dm'3 lu g.dm'3 1

Test statistic: KReject HCO at at the 95% confidence limit.

In instances where the combination of sucrose and mannose
adversely affected the rate of fresh mass accumulation by

ornithogalum ‘Rollow' explants, the concentration of mannose

involved was determined (Table 4up).
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Table 40. Results of contrasts in population means showing

the effect of the mannose concentration on the

fresn mass accumulation rate of QOrnithogalum

‘Rollow' explants on media containing 14 and 3@

gidm'3 sucrose.
Test. statistics.
Mannose. lﬂg.dm-3 sucrose. 30 g.dm_3 sucrose.
1v g.dm°3 v, 205 2,67
3¢ g.dm™3 2,84 24,00 **
50 g.dm™3 2,74 16,67 "
79 g.dm'3 4,66* Not tested
* %k

Hignly significant result, Reject H® at p = w,0l.

Significant result, Reject H® at p = 9,05.

The inhibitory effect of mannose in the medium was only
notable in the presence of sucrose, where the concentration

of sucrose in the nedium was relatively low (Table 40).

After six weeks in culture, pairwlise t-tests revealed no
significant effects of sucrose or mannose on the rate of
fresh mass accumulation in vitro. The apparent contradic-
tion between these results and those of the variance
analysis (Table 36) may be ascribed to the more robust na-
ture of the anova and the more stringent requirements of the

t-test for significance of results to be proved.

5.2.5 The effect of sucrose on fresh mass accumulation by Or-

nithogalum ‘Rollow' explants on agar solidified media.

Both the sucrose concentration and the length of the culture
period both significantly affected fresh mass accumulation

by these explants (Table 41).
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Tapnle 41. Results of an analysis of variance showing the ef-

fect. of sucrose, culture period and the interac-

tion of these variables on Ornithogalum ‘kollow'
explant. fresh mass.

source of variation. vVariance ratio.

Sucrose concentration 5,18**

Culture period 82,78**

Interaction: Sucrose x Culture 4,25**
period.

: Highly significant result; Reject HC at p = 9,01.

From the contrast (Table 42), it was evident that optimal
fresh mass accumulation occurred at sucrose concentrations
greater than 1v g.dm"3. Increasing the sucrose concentra-
tion in the medium to 1060 g.dm'3 failed to additionally

stimulate fresh mass accumulation (Table 42).
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Table 42, Results ot a contrast showing the effect of the

sucrose concentration on the rate of fresh mass

accunwulation by Qrpitpogalum ‘Rollow' explants in
vitro.

sucrose concentration. vVariance ratilio.

. -3 * X
¥ g.dm -7,58
-3 ok
10 ¢g.dm -4,ul
20 g.dm™3 v,05
3v g.dm'3 control T
40 g.dw™3 4,39 x 107°
50 g.dm—3 1,57
60 g.dm™3 1,06
76 g.dm'3 W, 31
80 g.dm™3 2,04
90 g.dm™3 2,58
100 g.am™3 1,01

Significant result; Kkeject H® at p = 0,¥5

* * . . . . . o) L.
Highly significant result; Reject HY at at p=0,01.

Control corresponds to sucrose concentration suggested

by Nel (1981)

Percentagye moisture contents of grnithogalum maculatum
and Ornithogalum ‘Rollow' explants in yitro.

The percentage moisture contents of Ornithogalum maculatum

ana Ornithogalum ‘Rollow' explant tissues were determined

after six weeks in culture. The percentage moisture con-
tents of these tissues were found to be similar. The

average molisture content of Ornithogalum maculatum tissues

was 98,74% and of Ornithogalum ‘Rollow' tissues the moisture

content. was 98,71%. The moisture content of the tissues
remained unaffected by the changing carbohydrate content of

the medium.
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Sumnary of Results.

. The ability of explants to differentiate plantlets un-

der the experimental conditions depended on the genome.

. The optimal carbohydrate content in the medium depended
on phytohormone levels in the medium and the type of

differentiation occurring.
. After a six week subculture period, the osmotic effect
of carbohydrates in the nutrient medium on explants was

negligible.

Discussion.

Generally, the efficiency with which explants photosyn-
thesize in vitro is limited. As a result, autonomous
growth of explants in vitro without an added carbon and

energy source is not feasible (Reinert & Yeoman, 1982).

In addition to their nutritional role, carbohydrates also
exert an osmotic effect on culture media. Under conditions
of constant temperature and pressure, the chemical potential
of water in any system decreases with the log of the solute
concentration (Noggle & Fritz, 1976). The water potentials
of nutrient media at the end of the subculture period, are a
function of the nutrients removed from the medium during
growth (which raises the water potential), water loss from
the medium as a result of evaporation and transpiration
Yoshida et al. (1973) and Dunwell & Thurling (1985), (which
lowers the water potential) and as a result of the interac-
tion between components of the media and the degree of dis-
sociation of ions in solution. Because of the many com-
ponent.s involved, these water potentials can only be deter-

mined by direct measurement (Table 33).

Tne water potentials of the culture media declined over the
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culture period. This drop in water potential has been
reported 1in the literature as constituting a stress factor
in callus, cell (Yoshida, Kobayashi & Yoshida, 1973) and or-
gan cultures (Dunwell & Thurling, 1985) which, while ini-
tially stimulatory, could ultimately cause the onset of

dormancy.

buring this experiment.,, the explants remained unaffected by
the reduction in water potentials of the media which oc-
currea during the six week culture period. Reinert &
Yeoman (1982) report the water potential of Murashige &
Skooy's (1962) medium as - 415 kPa (or - 508 KkPa where agar
is present in the medium). The water potentials of molal
solutions of sucrose are reported by lichel (1972). From
the data, the maximum solute potential at a sucrose con-
centration of 10V g.dm'3 would be expected to be ap-
proximately -1vbd kPa. This value lies within the range (0
to -1560 kPa) of water potentials of leaves of plants rooted
in well watered soils (Noggle & liritz, 1976). Under the
experimental conditions, nost observations lay well within
this range. At no stage during the six week culture period
did the level of solutes in the medium constitute a stress

tactor.

The gyenotype of the explant determined whether differentia-
tion would occur; the rate (Ball & Soma, 1965) and type of
differentiation (Tran Thanh Van, 1977) is determined by the
interaction between the phytohormone and carbohydrate

balance 1n the tissue.

In this experiment, Ornithogalum maculatum explants falled

to differentiate callus in response to the same conditions

under which Ornithogalum ‘Rollow' differentiated plantlets.

According to Brown, Leung & Thorpe (1979), the essential
difference between shoot and non-shoot forming tissues is

the accumulation of starch in the former - essential in or-
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der to meet the hign energy reguirements of shoot formation.
Accuimulated starch and free sugars 1in the tissues supply the
substrates for energy production via glycolysis and oxida-
t1ive phosphorylation. In addition, NADPH supplied reducing
power via the pentose phosphate pathway (Brown & Thorpe,
1979). ractors which delay (Thorpe & Meier, 1972) or in-
hipit (Thorpe & Murashige, 1969) starch accumulation have a

similar effect on organogenesis.

Brown, Leuny & Thorpe (1979) found that the accumulated
starcn in shoot forming tissues raised their water
potential, at least prior to the onset of differentiation.
In this experiment, the water contents of shoot forming Or-

nithogalum ‘Rollow' tissues and Ornithogalum maculatumn

tissues producing callus were similar after six weeks in

culture. The highexr fresh mass of Ornithogalum maculatuin

tlissues was attributable to the increased rate of cell divi-

sion during callus formation.

Maretzki, Thom & Nickell (1974) found that the ability of
explants to utilise carbohydrates in the nutrient medium de-
pended on the species and clone. The form in which car-
bohydrates are utilised also depended on environmental fac-
tors (Tran Thanh Van, 1981), the stage of development of the
explant and the concentration in the medium (Jeffs &
Northcote, 1967). In this experiment, the phytohormone
content. of the nutrient medium was also found to be an im-
portant determinant of the effect of carbohydrates on

growth.

Jeftfs & Northcote (1967) noted that only disaccharides with
an alpha glycosyl radical at the non-reducing end of the
molecule are capable of initiating organogenesis. They
propose that these molecules combine with other molecules in
the presence of phytohormones to exert their effect on
differentiation. At the molecular level, this forms an

inducer / repressor system (Shoemaker, Conche & Galbraith,
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1986) which controls oryanogenesis (Jeffs & Northcote,
1907). According to Maretzki, Thom & Nickell (1974),
glucose and sucrose, the forms in which carbohydrates are
transported within the plant, are the two forms most likely
to promote optimum growth.

Sucrose was tound to stimulate plantlet initiaéion on Or-

nithogalum ‘Rollow' explants only where phytohormones were

omitted zZrom the culture media. More than 19 g.dm"3 was
required for plantlet initiation, 30 g.dm“3 sucrose being
optimal for initiation and subsequent shoot development.
To maintain optimal rates of fresh mass accumulation in the
absence of exogenous phytohormones, 1¥ g.dm"3 sucrose was
required, higher sucrose concentrations were without effect.

3 sucrose.

Rooting occurred on media containing 30 - 60 g.dm
In the absence of phytohormones higher sucrose concentra-

tions inhibited rooting. Callus formation on Ornithogalum

maculatum was stimulated by increasing the sucrose content

of liguid media containing phytohormones.

An interaction between carbohydrates in the medium was
noted. Mannose in combination with sucrose had an in-

hibitory effect on fresh mass accumulation by Ornithogalum

*Rollow' explants during the first three weeks of the cul-
ture period. This effect occurred when mannose was present
in media at concentrations greater than 3¢ g.dm"3 and
provided the level of sucrose in the medium was equivalent
to, or lower than, the mannose concentration. The effect

was no longer apparent after six weeks in culture.

The carbohydrate content of the medium did not significantly

affect. the rate of fresh mass accumulation of Ornithogalum

maculatum or Ornithogalum ‘Rollow' in liquid media in the

presence of phytohormones. Oon solid media, in the absence

3 sucrose was

of phytohormones, a minimum of 19 g.dm”
required for optimal fresh mass accumulation, further

increases being without effect.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



120

CHAPTLER ©.

THE EFPFECT OF ThiE AGAR AND SUCROSLE CONTENT OF THE LNUTRIENT
MEDIUM ON GROWTH OF OKMNITHOGALUM ‘ROLLOW' EXPLANTS IN VITRQ.

6.1 Introduction.

The agar used in Nel's (1981) medium was the most expensive
media constituent. The use of agyar as support matrices 1in
culture vessels reduces tne labour which would otherwise be
involved in assembling alternative support systems (Conner &
Meredith, 1984). In addition, in some 1instances, it
prevents the development of glassiness, waterloygling and
translucency (syn. hypernydric transtormation) (Debergh,
1982). lflowever, addition of agar to medla complicates
cleaning of culture vessels, reduces the number of explants
which may be added to the culture vessel and may add statis-
tically sigyniticant amounts of calcium, magnesium, potassium
and sodium to the medium (Chung et al., 1980; Debergh,
1962). In aadition, the availability of cytokinins 1is
reduced, decreasing tne propagation rate 1n somne instances,
an eftect which cannot be conj.ensated for by raising the

cytokin level in the medium (Debergh, 1982).

s both sucrose (Reinert & Yeoman, 1982) and agar (Brown,
Leung & fThorpe, 197Y) are reportedly osmotically active 1in
culture meaia, the effects of the agar concentration on the

growth of explants from the leaf bases of Ornithogalum

‘Rollow' were tested over a range of sucrose concentrations
in this experiment. Initially, each experimental treatment
comprised twenty replicates. Lbata from a total of 257 ex-

plants was used 1n tnis experiment.

Special ygrade agar (Lot HD ©WJd4) supplied by Biolab Chemicals
(Pty.) Ltd., was used at ©,0; 5,0; 6,u; 7,0; 10,6; 15,0 and

20,0 g.dm"3, in Nel's (1981) medium containing ¢,1 mg.dm"3
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NAA and 2,u mg.dm—3 BAP and either 30,8 or 45,u g.dm"3
sucrose. The pH values of the media were adjusted to pH

0,2 prior to autoclaving.

The experimental results were analyzed using BMDP - P series
programmes. The effect of the agar and sucrose concentra-
tions 1n the medium on plantlet initiation and the
chlorophyll content of explants was assessed after 6 weeks
1sing Chi square tests (Dixon, 1985). The fresh mass ac-
cumulation of explants was measured initially and at 3 and 6
week intervals, while the rate of dry mass accumulation, the
water content. of the explants and the water potential of the
nutrient media were determined after 6 weeks in culture.
Fresh and dry mass data ana data on the water potentials of
the nutrient media were analyzed using BMDP 2V analysis of
variance (Dbixon, 1985). The significance of the treatment
etfects where they were observed was assessed using con-

trasts (Brown & Hollander, 1977).
0.2 Results.

b.2.1. The effect of the agar and sucrose content of the
medium on the incidence of plantlets on QLniLnggglgm

‘kollow' explants jin vitro.

Increasing the sucrose content of the medium from 30,0 to
45,0 g.dm'3 was found to significantly reduce the number of
plantlets formed by the explants (X2 = 16,0981 **; p =
Y,0029) (Table 43).
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Table 43. The percentage frequency with which plantlets oc-

curred on all media under the experimental

conditions.

Nunber ot Sucrose concentration. Total.
Plantlets 30,9 g.dm'3 45,0 g.dm"3

Y] 17,9 29,6 47,5

1 -5 8,60 7,0 15,0

6 - 10 12,1 7,9 19,1

11 - 15 7,0 2,7 9,7

> 15 3,9 4,3 8,2

Total 49,4 50,60 lbw,0

The agar content of the medium was not found to have a sig-
niticant. effect on the incidence of plantlets on explants
(x2 = 26,142NS; p = ©,35).

A sigynificant interaction between the levels of sucrose and
agar 1in the media on the incidence of plantlets on explants

2 * x e
was observed (X¢ = 35,174 ; p = 0,0008).

The highest 1incidence of plantlets was attained on media
containing 39,0 g.dm'3 sucrose at agar concentrations
greater than 15,0 g.dm'3 and at agar concentrations greater
than 10,9 g.dm'3 in media containing 45 g.dm'3 sucrose

(Table 44).

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Table 44. The percentage of explants in each treatment which

formed plantlets on the different media.

Agar concentration Sucrose concentration.
30 g.dm"3 45 g.dm"3
0,0 g.dw=3 44,4 % 55 %
5,0 g.dm™3 66,7 % 18,8 %
6,06 g.dm™3 56,0 % 31,6 %
7,0 g.dm™3 61,1 % 26,3 %
10,0 g.din™3 63,2 3% 50,0 %
15,0 g.dm™3 65,0 % 50,0 3
20,0 g.dm™3 100,0 % 55,6 %
0.2.2 The effect otf the agar and sucrose content of the

medium on the fresh mass of anithogalum ‘Rollow
explants.

Agar and sucrose significantly affected the fresh mass of
explants in vitro (Table 45). However, a significant in-
teraction between these two factors on fresh mass was only
evident after three weeks 1in culture, when plantlets began
forming on the explants. A significant change in the in-
fluence of agar on fresh mass accumulation was noted during

the culture period.
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Table 45. Results of an analysis of variance showinyg the ef-

fect. of ayar, sucrose and their interaction on ex-

plant fresh mass accumulation.

Source of variation. Variance ratio. Changes in
between 3 and 3 weeks 6 weeks "fresh mass

6 weeks 1in

culture.

iean 550,59 " 578,32%" 1,1
Agar 39,50%" 32,20™" 2,85"
sucrose 14,76** 6,00* 3,39
Interaction Agar

X sucrose 1,54 2,91** ¥v,36

** : Highly significant Result; reject H® at at p = 0,0l
o Significant Result ; reject HC at at p = ©,05.

The fresh mass of the explants was significantly higher on

3 3

media containing 45,Y g.dm ° as opposed to 30,0 g.dm~

sucrose (Table 46).

Table 46. Results of a contrast in population means showing

the influence of the sucrose concentration in the

medium on the rate of fresh mass accumulation by

Ornithogalum ‘Rollow' explants.

Culture period. Test value.
3 weeks —3,85**

* %
6 weeks -2,63

Control : 30,0 g.dm“3 sucrose (Nel, 1981).

Negative sign : Implies concentration mean > Control.

The presence of agar in the medium led to a significant in-
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crease 1in explant fresh mass (Table 47). becreasing the

3 increased the fresh

agar content. of the medium to 5,0 g.dm”
mass of the explants significantly, while increasing the
agar content of the medium to 15,4 or 20,0 g.dm_3 led to a

significant decrease in explant fresh mass (Table 47}).

Table 47. Results of a contrast in population means showing

the effect of the agar content of the nutrient

medium on explant fresh mass.

Contrast. Test statistic.
3 weeks. 6 weeks.
7,0 - 0,0 g.dn”3 +9,29%" +7,407"
7,0 - 5,0 g.an”3 -2,56" -3,89""
7,0 - 6,0 g.dm"3 +1,07 -0,57
7.8 - 10,0 g.dm™3 +2,73" +0,44
-3 i * % * %
— . . * %k
7,0 - 20,0 g.dm™3 +7,81"" +6,15

Control : 7,0 g.dm'3 agar (Nel,1981).
Positive sign : Implies concentration mean > control.
Negative sign : Implies concentration mean < control.

x* : Highly significant result; Reject HC at p = ¢,01.

* C e .
: Significant result; Reject H° at p = 0,05.
A contrast. in population means revealed that after six weeks
in culture, optimal fresh mass accumulation occurred on
media containing 5,0 g.dm'3 agar and 45,0 g.dm'3 sucrose
* x

(Test. statistic = 8,406 p > ©¥,61), when compared to all
other media tested in this experiment..

6.2.3 The effect of the agar and sucrose content of the

medium on the dry mass of Ornithogalum ‘Rollow'

exElants.

The sucrose and agar content of the nutrient medium both
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significantly atfected explant uary mass (Table 4¥). No
significant 1nteraction between the agar and sucrose con-
centrations in the medium anu explant dry nass were evident

after six weeks in culture (Table 48).

Table 48. Results of an analysis of variance to determine

the effect of the agar and sucrose content of the

medium on Ornithogaluw ‘Rollow'explant dry mass

after six weeks in culture.

Source of variation. variance ratio.
* Xk
Mean 505,04
*
Agar 3,22
*w
Sucrose 15,34
Interaction: Agar x Sucrose 1,37
* % . . . . .
: highly significant result : Reject HO at at p = ©,Vl.
*

: Significant result : Keject H® at p = 0,Y5.

3 sucrose had sig-

Explants on media containing 45,0 g.dm”
nificantly greater dry masses than tnose on media containing
30 g.dm'3 sucrose (Test statistic = -3,9u2" " ; p <¥,01).

Explants on media lacking agar and those on media containing
20,0 g.dm_3 agar had significantly lower dry masses than
those on media containing 7,0 g.dm'3 (Control suggyested by
Nel, 1981). The dry masses of explants on all other media
failed to differ significantly from those on the control

(Table 49).
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Table 49. Results of a contrast in population means showing

the effect of the agar content of the nutrient

medium on Qrnithogalum ‘Rollow' explant dry mass
_orni P

after six weeks in culture.

Contrast. Test statistic
7,0 - 0,0 g.dm™3 3,60 "

7,0 - 5,0 g.dm™3 2,09

7,0 - 6,0 g.dm™3 0,05

7.9 =1¥,0 g.dm'3 v,75

7,0 -15,0 g.dm™3 2,27

7,0 -20,0 g.dm™3 2,89%"

Control : 7,0 g.dm'3 agar (Nel,1981).

Positive sign : Implies concentration mean < control.

* % R . A -
: Highly significant result : Reject H® at p =
U,Ul.
©.2.4 The effect of agyar and sucrose content of the medium on

t.he percentage molsture content of explants.

Varying the agar and sucrose content of the nutrient medium
failed to have a significant effect on the percentage mois-

ture content of the explants (Table 50).
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Table 5¢J. Percentage molsture contents tor ¢rnithogalum

‘Bg;;gy'explants on the different media used 1n

thls experiment.

Agar concentration. Sucrose concentration.

30 g.dm-3 45 g.dm—3
0,0 g.dm"3 98, 88 99,03
5,0 g.dm™> 98,82 99,08
6,0 g.dm™> 98,57 98, 5
7,0 g.dm™3 98,54 98,55
10,0 g.dm™3 98, 40 98, 46
15,0 g.dm™3 98,82 98,85
20,6 g.dm™3 98,97 99,07
Averaye 98,71 98,79

©.2.5 The 1influence of explant growth on the water potentials

of medla containing different agar and sucrose

concentrations.

Both the agar and sucrose content of the medium were found
to have a significant effect on 1its water potential after 6

weeks of explant subculture (Table 51).

Table 51. Results of an analysis of variance to determine

the effect of explant growth on the water poten-

tial of the nutrient mediun.

Source of variation. ~  Variance Ratio.
Mean 2754,69**

Agar 10,43**
Sucrose 100,12**
Interaction : Agar X Sucrose 1,40

* *

: Highly significant result ; Reject H® at p = p,0l.

3

Media containing 45,0 g.dm ° sucrose were found to have sig-
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nificantly lower water potentlals than media containing 39,9

g.dm'j sucrose at the end of a six week culture period

. . * % )
(Test statistic = -11,51 s p < B,ul).
The water potential of media containing agar were sig-
nificantly lower than those of media without agar (Table

52).

Table 52. Results o0of contrasts to deterunine the effect of

the agar content of the medium on medium water

potential.

Contrast. Variance ratio.
7,0 - 9,0 g.dm™3 8,64*"

7.0 - 5,0 g.dm™3 0,02

7,0 - 6,0 g.dm™3 ©,28

7,9 -10,0 g.dm™3 -9,89

7.6 -15,0 g.dm™3 1,84

7.0 =20,0 g.dw"3 1,85

Control: 7,0 g.dm;3 (Nel 1981).
Neyative sign : Implies concentration mean > control.
Positive sign : Implies concentration mean < control.

** : Highly significant result; Reject H° at p = ¢,0l.

©.2.0 The influence of sucrose and agar in the medium on the

chlorophyll content of the explants.

The sucrose concentration of the medium significantly af-
fected the chlorophyll content of the explants (X2 = 4,379*
;. p = L,04). Of explants grown on media containing 30,U
g.dm’3 sucrose, 54,2% possessed chlorophyll, while 45,8% of

3

explants on media containing 45,0 g.dm” sucrose had

chlorophyll.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



130

The ayar content of the medium was without significant ef-
fect on the cnlorophyll content of explants (X2 = 8,941 NS ;

p = 6,18).

No signiricant interaction between the sucrose and agar con-
tent of the medium on the chlorophyll content of the ex-
plants was noted (x2 = 21,978 NS; p = 4,00).

6.3 Summary of Results.
. Agar did not significantly-affect plantlet initiation
or explant chlorophyll content. Optimum fresh and dry

mass occurred on media containing agar, but 15,0 and
20,0 g.dm“3 respectively, depending on the sucrose con-

tent. of the medium, proved inhibitory to growth.

. Increasing sucrose levels in the medium reduced the in-
cidence of chlorophyll and plantlets, but led to in-

creasing fresh and dry 2xplant masses.

. Increasing the sucrose and agar concentrations sig-
nificantly reduced nedia water potentials, but failed
to affect explant percentage moisture contents after a

six week culture period.

0.4 Discussion.

Organogenesis occurred more frequently on media containing

3 sucrose (Table 43). The in-

3U,¥ as opposed to 45,6 g.dm”
hibitory effects of supra-optimal sucrose concentrations
have previously been reported (Galiba & Erdei, 1986; Brown

& Thorpe, 198Wa; and Takayama & Misawa, 198¢).

Assocliated with a higher frequency of organogenesis was a
higher concentration of chlorophyll. Tran Thanh Van (1977)
found that the presence of chloroplasts is essential for bud

formation, even though CO, measurements indicate that the

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



131

rate ot photosynthesis in vitro 1s low. The concentration
of sucrose, but not agar, in the nutrient medium affected

tine chlorophyll content of the explants.

Carbohydrates in vitro function as carpon and energy
sources, but also have an osmotic role in the medium (Brown
Leuny & Thorpe, 1979). Although a minimum osmotic reguire-
ment must be satisfied in order for organogenesis to
proceed, osmotic effects alone were insufficient to induce

organogenesis (Brown, Leung & Thorpe, 1979).

In this experiment, the sugar content of the nedia did not
affect the water content of the tissues significantly (Table
50). Osmotic adjustment or the accumulation of organic
compounds and salts in the cells did not occur, as the ratio
of fresh to dry mass in the tissues remalned constant. The
adverse effect of supra-optiwmal sucrose concentrations on
growth cannot be interpreted as the result of osmotic stress
placed on the explant by the medium. A similar conclusion
was reached py Takayama and bMisawa (1980) who were able to
alleviate the adverse effect of supra-optimal sucrose con-
centrations on growth by ralsing the salt content of the

nutrient medium.

In addition to their osmotic role, carbohydrates affect cel-
lular metabolism directly (Brown & Thorpe, 1980 b). Al-
though hormones are generally recognised as controlling
organogenesis, the combination, type and concentration of
sugars in the medium may reverse the effect of the hormone
balance in the medium (71Tran Thanh Van, 1977). The
physiological state of the donor plant at the time of exci-
sion and the inter-tissue correlations also affect or-
ganogenesis in vitro (Tran Thanh Van, 1981).

Although explants grown on media containing 34,0 g.dm'3
sucrose produced more plantlets, explants on media contain-

ing 45,9 g.dm'3 sucrose had greater fresh and Adry masses.
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On average, 98,75% of the explant 1s composed of water
(Table 54), yet the water content of the explants was unaf-
fected by the various media. As a result, these mass in-
creases can only be ascribed to the increased rate of undif-

3 SUcCrose.

ferentiated growth on media containing 45,0 g.dw”
Brown & Thorpe (1986 b) found that, prior to primordium
formation, shoot-forminyg tissues grow at a relatively slower
rate than non shoot-forming tissues. This 1s a direct con-
sequence of the altered me;abolism of shoot-forming cells
anua the high eneryy regquirements of the organogenic

processes (Brown & Thorpe, 1986 b).

The presence of agar in the medium had no effect on the in-
cidence of plantlets on explants. In the absence of agar
in the medium, a significant decrease in medium water poten-
tial occurred (Table 52), as well as a reduction in explant
fresn and dry mass (Tables 47 and 49 respectively). As the
moisture content of the explants was unafftected by the agar
content. ot the medium (Table 50), a reduced rate of undif-
ferentiated growth on media without agar was responsible for
the reduceda rates of tresh and dry mass accumulation. The
high pH of the nutrient medium (pH 6,2 was used 1in this
experiment) appears responsible. Murashige (1977) found it
necessary to reduce the pH of liquid media to pH 5,0 to
prevent the precipitation of media components essential to

growth.

It is not apparent why organogenesis was unaffected by the
absence of agar in the nutrient medium. It has been shown
in this experiwment. that conditions which were optimal for

3 sucrose and 5,0

fresh and dry mass accumulation (45,9 g.dm™
g.dm'3 agar) were not necessarily optimal for organogenesis.
It may be that the altered metabolism of tissues which un-
dergyo organogenesis (Brown & Thorpe, 1986 b) change the in

vitro requirements of these tissues.

No significant differences in the water potentials of the
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agar medla over the concentrations used were observed (Tanle
52). The agar effect appeared to result from the reduced

contact between the explant and the medium (bLebergh, 19s2).

As the concentration of sucrose 1n the nutrient. medium in-
creased from 30,0 to 45,6 g.dm-3, sO the optimum agar con-
centration range for plantlet initiation increased from 14,0
to 15,u g.dm'3. Yosnida et al.(1982) observed that
factors, for example, medium hardness, or differentiation of
the plant body which reduce the contact between the medium
and the explant also 1ncrease transpiration rates of the
explant. This 1n turn reduces the tolerance of explants to

high osmotilc pressures in the medium.

The linear relationsnip which exists between medium hardness
and the aygar content of the medium is determined by the agar
brand, which for this reason, should always bhe specified in

tissue culture experiments.
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CHAPTER 7.

THE EFPECT OF THE TISSUE CULTURE MEDIUM pH ON THE GROWTH OF
ORNITHOGALUM "ROLLOW' TISSUE CULTURES ON NEL'S (1981) MEDIUM.

7.1 Introduction.

Plants in tissue culture are able to withstand pH values be-
tween pH 4,0 and pH 7,2 (Reinert & Yeoman, 1982). The
detrimental effects of pH are generally related to ion
availapility and nutrient. uptake, rather than cell damage
(Murashige & Skoog, 1962; Behrend & Mateles, 1975; Reinert &
Yeoman, 1982 and Skirvin et al., 1986). Substrate
utilization (Martin & Rose, 1976) and the rate of auxin
(Macdowall & Sirois, 1977), for example, 2,4-D (Kurkdjian et
al., 1981) and abscisic acid uptake into cells (Reinert &

Yeoman, 1982), is affected by pH.

Skirvin et al.(1986), sugygest that as the pH-values of cul-
ture media vary under the conditions existing in different
laboratories "all tissue culture researchers should take
care to measure the pH of the nutrient medium both before
and after autoclaving as well as at various times during
culture". The extent to which autoclaving and phytohormone
addaitions affected the buffering capacity of Nel's (1981)
modified Murashige and Skoog (1962) medium was determined in

thils experinent.

In addition to physical factors which influence pH in vitro,
the presence of plant tissues are also known to sig-
nificantly affect the medium's ultimate pH (Skirvin et al.,
1986) . ‘'hese changes are related to the utilization of
nitrate and ammonium within culture media. The removal of
NO3 results in a drift towards neutral pH, while NHZ
utilization results in rapid media acidification (Behrend &

Mateles, 1975). As pH is dependent on the relative con-
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centration of nitrate and ammonia, its influence on growth
Canuot readily be assessed in unbuffered culture media.
For this reason, experiments to determine the influence of

pH on the ygrowth of Ornithogalum ‘Rollow' were done at con-

trolled pH using a Citrate - K ,EPO, buffering system, be-

cause of the wide buffering range of this combination. The

3

concentration of buffer per dm” (modified from Dawson et

al., 1979) was as follows:-

pH Concentration Concentration Molarity of
of citric acid of KoHPO, buffer soln.
(g.dm—3) (1) (g.dm-3) (2) mol .dm™3>
5,0 1,02 1,79 1,51 x 1p~3
5,5 2,90 2,00 1,58 x 1073
5,7 9,86 2,07 1,60 x 1073
6,0 0,78 2,20 1,63 x 1p~3
6,2 0,72 2,30 1,66 x 19”3
6,5 v, 60 2,48 1,71 x 1w~3
x 1073

7,9 g, 38 2,56 1,65

(1) ©,62 moles citric acid per dm3

(2) 0,94 moles K,HPO, per am’

Media were autoclaved at 1,2 kg.cm"2 and 121° C for 15
minutes in an autoclave manufactured by Hirayama Manufactur-

ing Co., Tokyo (Model # HA3D).

As poor agar gelation occurs wlith decreasing medium pH
(Murashige, 1977), agar was not used in these experiments.

Leaf base explants of Ornithogalum ‘Rollow' were supported

on Whatman's number 1 filter paper bridges (Dodds & Roberts,

1982).
In this experiment data was collected from 175 explants.

All parameters used in this experiment (except where other-

wise stated) were measured after 6 weeks in culture. Ex-
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plant dJdry mass was determined according to the niicrowave
drying technique of Ferreira (1982). The percentage mois-
ture content of the tissues was calculated according to

Noyyle & rritz (1976).

Water potentials of the nutrient medium at the pH-values
used 1n thne experiment were determined in a screen cage

thermocouple psychrometer manufactured by Merrill, Utah.

The effect of autoclaving and hormones on the buffering
capacity of Nel's (1981) medium was determined on unbuffered

media.

The stock solutions usea for phytohormones consisted of
29,7¢% (v/v) ethanol and phytohormones at concentrations of

v, 2 ng.cm'3.

The medium was acidified using ¥,l N HCl and made alkaline
with 9,1 N NaOH. The resultant changes in pH were checked
using a Knick 646 digyital pH meter using an Ingold U 455
electrode. The pH meter was standardised using 2 buffers

(pH 7,00 and pH 4,0l).

Initially, each treatment comprised twenty replicates. The
experimental data was analyzed using BMDP - P series
proyrammes (bixon, 1985). The effect of pH on the number

of plants formed on explants, their chlorophyll content and
the contamlination rate was assessed using Chi-square tests
(bixon, 1985). Where necessary, Yates' correction ftor con-
tinuity was used where the samples were small 1in size to
guard against the possibility of erroneously rejecting the

null hypotheses (Brown & Hollander, 1977).

The effect of pH on fresh and dry mass data was assessed
using BMbP 2V (bixon, 1985), an analysis of variance. The
distribution of the data was first checked for normality

using BMDP 5D, histograms and univariate plots (Dixon,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



137

1985). To determine the significance of treatnient. etfects,
where tnese were observed, the nultiple range tests of
sStudent-Newman—-Keuls were used at the appropriate confidence

linmits.

The curve establishing the guadratic relationship between
medium water potential and pH was fitted using Genstat V
(Copyright Lawes Agricultural Trust, 1984).

7.2 Results.

7.2.1 The bufferiny capacity of Nel's (1981) medium.

The bufferinyg capacity of Nel's (198l1) medium and the effect
of autoclaving hormones at the concentrations suggested by
Nel (1981) (v,1 mg.dm’3 NAA and 2,0 mg.dm'3 BAP) on medium
pH was assessed (Figure 12). Addition of phytohormones to
Nel's (1981) medium over the pH range studied (pH 2,16 -
9,02) resulted in more alkaline or acid medium depending on
the initial pH-value. Autoclaving the medium led to an
acidification particularly in the range phH 6,7 to piH 9,02
(Figure 12). The graph shows that the minimum buffering
capacity of Nel's (1981) medium falls between pH 3,0 and pH
8,00. However, neither the addition of hormones to the
medium, nor autoclaving appeared to significantly affect the

buffering capacity of Nel's (1981) medium.
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7.2.2 The effect of culture medium pli on the incidence of

plantlets on Ornithogalum ‘kollow' explants.

The pid of the medium did not significantly affect the
frequency with which plantlets occurred on explants (X2 =
19,438 NS; p = 0,08). Of the explants, 72% failed to
produce plantlets; 11,4% produced between 1 and 5 plantlets
ana 1lo,6% produced more than 5 plantlets after six weeks in
culture. The relatively 1l )w regenerative ability of the ex-
plants indicates an adverse effect of the buffer on

regeneration.

7.2.3 The effect of medium pH on explant fresh mass.

The distribution of fresh mass data was checked using BMDP -
50 histograms and univariate plots (Dixon, 1985) and found

t.0 be normally distributed.

The anova revealed a significant effect of pH on the rate of
fresh mass accumulation by Ornithogalum ‘Rollow' explants
(Table 53).

Table 53. Results of an analysis of variance to determine

the etfect of pH on Ornithogalum ‘Rollow'explant

fresh mass.

Source of Variation. Variance ratio.
- 3 weeks 6 weeks (3-6 weeks)
* % KR ;
Treatments 4,66 3,45 1,44
Equality of means test; variances are not assumed equal.
* % * %k
welch 3,23 4,59 1,36
* % 2
Brown-Forsythe 4,57 3,32 1,44

Levene's test for

equality of variance J,62 1,98 2,70%

o Highly significant result; Reject H® at p = @,01

[y

: Significant result; Reject H®° at p = 0,05.
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According to the nultiple range test of Student-Newman-Keuls
(bixon, 1985), at the 99% contfidence limit the optimum pH
range for fresh mass accunulation lay between pH 5,9Y and 6,9
after three weeks and pH 5,0 and 6,5 after six weeks (Fig.

13). Given sufficient time, Ornithogalum ‘Rollow' explants

were capable of accumulating fresh mass over a wide range of

pH values.

Figure 13. Results of the Student-Newman-Keuls multiple

range test at the 99% confidence limit to deter-

mine the optimum pH tfor fresh mass accumulation

(in grams) by Qrpithogalum "Rollow' explants.

pHH 5,0 pH 5,5 pH 5,7 pPH 6,0 pH 6,2 pH 6,5 pH 7,0

Mean (X) change in fresh mass between © and 3 weeks 1in
culture:

Suboptimal

Optimal
(X)0,03 0,02 v,02 J,u5 B,02 vw,91 ©W,01

Mean change in fresn mass between § and 6 weeks in culture:

Suboptimal

Optimal
(X)0,03 0,62 U,02 g,04 8,02 0,01 ©, 00
n 26 30 21 24 29 22 23

7.2.4 The effect of medium pH on explant dry mass.

The data was checked using BMDP - 5D (Dixon, 1985), and
found not to have a normal distribution. A non-parametric
anova revealed a significant effect of medium pH on dry mass
accumulation by Ornithogalum ‘Rollow' explants in vitro

(Table 54).
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Table 54. Results of an analysis of variance to determine

the effect of medium pli-value on dry mass ac-

cunulation by QOrnithogalum ‘Rollow' explants in

vitro.
Source of variation Variance ratio.
TTemm T B x
Treatient 7,98

Equality of means test; variances are not assumed to be

egual.
wWelch 4,99
Brown-Forsythe 7,@8*

Levene's test for equality

of variance w,00

: Significant result; Reject H® at p = @,u5.

Tne optimal pH for dry mass accumulation lay between pH 5,5

and pll 7,9 (Figure 14).

Figure 14. Results of a Student-~Newman-Keuls multiple range

test used at the 95% confidence limit to determine

the optimum pH for dry mass accumulation (in

grams).

pH 5,0 pH 5,5 pH 5,7 pHO, 6 pH 6,2 pH 6,5 pH 7,0

Mean (X) explant dry mass after 6 weeks in culture:

Suboptimal

Optimal

(x) w©,wl5 b,022 6,017 U,023 v,027 Yv,027 w,017
n 12 12 12 12 12 12 12
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7.2.5 'ne efrfect of imedium pH-value on the percentage water

content. of explants.

Varying the pH of the nutrient medium failed to sig-

nificantly affect the moisture content of Ornithogalum

‘kRollow' explants after 6 weeks in culture (Table-55).

Table 55. Percentaye molsture contents of QOrpnithogalum

"Rollow' explants from media with different pH

values after six weeks in culture.

pH % moisture content.
5,0 99,29 3
5,5 99,95 %
5,7 99,19 %
o, 99,99 %
6,2 98,84 3%
0,5 98,80 %
7,0 99,38 3
7.2.0 The influence of medium pH on the water potential

of the nutrient medium before and after explant

subculture.

A guadratic relationship was shown to exist between pl and
the water potential of Nel's (1981) medium buffered with
citrate and K,HPO, (Table 56). The water potentials of

nutrient media give an indication of the solute content of
the medium ana thus the nutrients avalilable to the plant for

growth.
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Table 506. Results of an analysis of variance to determine

the relationship between plH and solute potential

before and after explant subculture.

Source of variation Varliance ratio.

Initial value value after 6 weeks
pH 10,1837 7,225 "
relationship: linear 8,779* 4,669

quadratic 25,998 21,1217

cubic 1,661 8,371"
Deviations 8,249 " 3,063
Coetfficient of variation 24,6% 54,0%
* %

Highly significant result; Reject H® at p = 9,01

Significant result; Reject HP at p = ¥,05.

The relationship (Figure 15), determined using a ther-
mocouple psychrometer showed that before explant subculture,
most nutrients were availilable in culture media between pH
values of 5,6 and ©6,5. After o weeks of explant
subculture, the situation was reversed. Few nutrients were

avallable for growth between these pH limits.
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Tne effect of medium pit on the chlorophyll content of

grnithogalum "kollow' explants after six weeks in

culture.

The pH of the nedium significantly affected the chlorophyll
content of explants (x% = 19,830*; p=0,05) 61 % of explants
on media at pl 5,0 possessed chlorophyll, while-93,1 % of
explants at ph 6,2 and 1l¥Y % of explants at pH 6,5 had
cnlorophyll (Table 57). These values correspond to the
minimurni and maximum concentration of buffer used in the ex-

periment. (See pMaterials & Methods).

Table 57. Results of Chi sqguare (xﬁ) tests to determine

whether significant differences between

chlorophyll contents of Qrnithogaluin ‘Rollow' ex-

plants cultured at pH values other than pH 6,2
(Nel, 1981) occurred.

pH values contrasted. x2

5,0 - 6,2 8,000
5,5 - 6,2 ¥v,574 (C)
5,7 - 6,2 v,146 (C)
6,0 - 6,2 v,106 (C)
6,5 - 6,2 10,4157 (C)
7,0 - 6,2 3,457 (C)

(C) Refers to Yates' correction according to Brown & Hol-
lander (1977).
: Significant Result; X2 > le;@,DQB at p = B,05).

7.2.8 The effect of culture medium pH on the visible con-

tamination rates in Ornithogalum ‘Rollow' explants.

The pli of the culture medium significantly affected the
* %k .
visible contamination rate (X2 = 21,499 ; p = ©,002)

(Table 58). At pH 5,0, 53,8 % of th explants were con-
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taminated as compared to 13,8 % at pl 6,2. At pid 7,6, ©5,2

$ of the explants were contaniinated.

Table 58. Results of Chl square tests to determine whether

contamination rates (X%) at pH 6,2 (Nel, 1981)

differed significantly from those at other plis

used 1n the experiment.

pH X2
*
’ 0,2 9,989
P 6,2 4,809
>y 6,2 2,719
’ 602 2'8()3
' 0,2 0,665 (C)
7, 6,2 14,628"
(c) : Refers to Yates' correction according to Brown &

tiollander (1977).

Sigynificant Result; x2

2 . _ .
> X 1:0,008 at p = U,uU5.

Summary of Results.

The butfering capacity of Nel's (1981) medium was mini-

mal between pH 3,0 and pH 8,90.

The incidence of plantlets on Ornithogalum ‘Rollow' ex-

plants was unaffected by pH values bhetween 5,0 and 7,9.

The optimum rate of fresh mass accumulation occurred
over a pH range of 5,4 - 6,0 (after 3 weeks) and 5,0 -

6,5 (after ¢ weeks).

Optimal dry mass accumulation occurred in the pH range

between pH 5,5 and 7,0.

The percentage moisture content of the explants was un-
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affected by the pH value.

. Water potential aata show that during culture, nmost

nutrients are avallable and utilized between pH 5,6 and

6,5.
. Chlorophyll content of explants was lowest at pH 5,00
and highest at pH 6,5. The concentration of RoHPO, -

citric acid buffer was lowest at pH 5,Y and highest at
pH 6,5. A relationship between the chlorophyll con-
tent of explants and the amount of buffer in the medium

occurred.

. Contamination rates were highest at pH extremes (5,0
and 7,0) used in the experiment. This corresponded
witiih media having the highest concentrations of solutes

at the end of the culture period.

Discussion.

The nutrient medlia used 1n tissue culture are generally
poorly buffered at the pH values most commonly utilized for
growth (Reinert & Yeoman, 1982). In this experiment the
buffering capacity of Nel's (198l1) medium was lowest between

pH 3,0 and pH 8,0 (Figure 12).

Neither autoclaving, nor the addition of the phytohormone
concentrations sugygested by Nel (1981) altered the buffering
capacity of the medium. Autoclaving the medium resulted 1in
signiticant media acidification between pH 6,7 and pi 9,02.
Skirvin et al. (1976) found a similar effect of autoclaving
on pH. lle attributed tnis effect to chemical reactions
within the mediu. According to Skirvin et al. (1970) fac-
tors which could influence autoclaving include autoclave
temperature, type of autoclave, position within the
autoclave, quality of mineral nutrients, water guality and

duration of autoclaving.
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Singna (1ly¥2) showed that 1ncreasing the concentration of
agar 1n the nutrient medium tended to counteract the effect
of reduction 1in pH with autoclaving. lHowever, he points
out that the effect of both aygar and autoclaving on the pH
ot the medium is so slight as to be almost negligible.

Martin & Rose (1976) found evidence that medium pH exerts
it's effect on growth in culture media through controlling
the balance between ammonium and nitrate utilisation in cul-
ture media. In thelir 1nvestigations on Iponea, inmediate
post inoculation utilisation of ammonia and not nitrate oc-
curred between pH o,2 and pH 7,1. Nitrate, but not am-
monium utilisation occurred at pH 4,8 and both compounds are

utilised at pi 5,6.

Skirvin et al. (1976) found that, regardless of the initial
pH of the meaium, plant tissues placed on tne culture media
tend to modify the pH of these media within a few days.
The ultimate pH lay witnin a very narrow range, which ap-

peared 1ndependent of the initial pH of the medium.

As a result in the alteration of medium pH with explant
growth (Skirvin et al., 1986; Rose & Martin, 1975) it is
difficult to assess the effect of external pH on the metapno-
lism of cells. To prevent pi variation during the culture
period, Nel's (1981) medium was buffered over a range of pH

values using Citric acid - K,liPO, buffer solutions (Dawson

et Ei"1979)' To reduce the sodium content of the medium,
K/ HPU, was supstitutea for Na,HPO,. This buffer system was

chosen for its effectiveness over a wide pH range (2,6 -
7,6). At and above pli 7,0 a white precipitate was formed.
As no precipitate formed when the pH of unbuffered media was
adjusted, the preclpltate 1s probably calcium

orthophosphate, which nas low solubility at high pH.

No effect of pH on the ability of explants to produce
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plantlets was observed, nowever, buffering the medium ap-
peared to adversely affect plantlet initiation as only 28 %
ot tne explants produceua plantlets 1in vitro. Other bufter-
inyg systems used in culture media have neen shown to have
similar adverse effects on growth. Street & Henshaw (19606)
anu reinert & Yeoman (1982) found that significant buffering
by Ki,PO, and K,HPU, 1s only achieved at soluble phosphate
levels inhibitory to growth. Sheat et al.(1959), quoted by
Reinert & Yeoman (1982) found that, while buffering could be
acnieved with sparingly soluble calcium phosphates, these
reduce the availability of micronutrients, making them un-
avallable and exerting an inhibitory effect on plant growth.
The most effective buffering systems are those devised by
Martin & Rose (1970) and Martin, Rose & ltui (1977). Cells
were grown 1in batch cultures in fermentor vessels, the pH of
thne medium was adjusted automatically using HCl1 and NaOH or

anmonium hydroxide.

The percentage moisture content of the tissues was unaf-
tected by the culture medium. The optimuna dry mass ac-
cumulation rates occurred on media 1in the pH ranges from 5,5
to 7,0. Martin, Rose & Hui (1977) attributed the low dry
masses at pH 5,0 to tne low rate of sugar conversion to
biomass, as a result of the netabolic energy required for
maintaining tissues cultured at low pH. The optimum fresh
mass accumulation occurred between pH 5,0 and pH 6,4 after 3
weeks, and pii 5,0 and 6,5 after 6 weeks. The optimal pH of
culture media for fresh and dry mass accumulation lies be-

tween plH 5,5 and pH 6,5.

The adverse etfects of pH on growth are generally attributed
to reduced ion availability, rather than direct cellular
damage (Relnert & Yeoman, 1982). The solutes 1in solution
lower the chemical potential of water in the system (Noggle
& Fritz, 197¢6). Thus, the water potential of a system
provides a measure of the nutrients available for growth in

the system.
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At pH values between 5,5 and 7, most of the solutes in the
nutrient medium were utilized for growth during the six week
subculture period. At pH 5,6 a rise 1n the concentration
of solutes occurred over the culture periou. The cause of

thilis rise in solutes 1is not knowr.

The chlorophyll content of the tissues correlated well with
the concentration of buffer used in the medium. The
chlorophyll content was minimal where the buffer concentra-

tion was lowest and vice versa.

The highest wvisible contamination rates 1in this experiment
coincided with the pH extremes (5,0 and 7,¢). At. these pH-
values the solutes available in the medium after 6 weeks of
explant subculture were at a maximum. The contamination
rates observed 1in this experiment probably reflect the
ability of the explant and its contaminating micro-organisius
to compete for resources under a given set of environmental

conditions.
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CHAPTER &.

THE EFFpECT OF CULTURE TEMPERATURE ON THE GROWTH YILLD Of

QENITHOGALUEM ‘ROLLOW' EXPLANTS L VITRO.

Introduction.

Literature con.:terning the effect of temperature 1n relation
to the requirements ror commercial flower production is
avallable for the genus Ornithogalum (von Maatsch et al.,

1964 ; Shaub et al., 1971; Shaub & Halevy, 1971, Halevy, Mor

& Valersntein, 1971 and Jansen van Vuuren,l1983). Some work
has also been done on the effect of temperature and other
factors, on the control of bulb dormancy in vitro (Halaban,
Galun & Halevy, 1983). No information is available on the
temperature reguirements for bulb formation. This study
was ailmed at determining the effect of culture temperature

on the growth of Ornithogalum ‘Rollow' explants in vitro.

Leaf base explant tissue from Ornithogalum ‘Rollow' plants

was grown axenically on Nel's (1981) medium. This medium
contained Y,1 mg.dm_3 NAA and 2,0 mg.dm'3 BAP. The cul-
tures were grown in controlled environment cabinets at con-

stant temperatures of 15; 22; 25 and 32°C +/- 1°C.

Explants were 1nspected 1nitially, and after six weeks in
culture, to determine the 1incidence of plantlets, callus,
chlorophyll and contamination. Fresh mass was determined

initially, and after six weeks 1in culture.

bata was analyzed using X2 tests and BMDP 2V's analysis of
variance. The siygnificance of treatment effects where ob-
served using the anova, were assessed uslng the multiple
range test of Student-Newman-Keuls. One hundred and

twenty-four explants were involved in the study.
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Lxplants were photographed using a stereo dissectling micro-

scope at lwx magnitication (Scale : 1Y mm = 1 mm).
8.2 kesults.
B.2.1 The effect ot culture temperature on plantlet initiation

by Ornithogalum ‘Rollow' explants in vitro.

Temperature was found to significantly affect the incidence

ot plantlets on Ornithogalum ‘Rollow' explants after six

* %
weeks in culture (X2 = 47,321 ; p = v,0000). The percent-
age fregquency with which plantlets occurred on explants at

various culture temperatures is given in Table 59.

Table 59. Percentage frequency of plantlet occurrence at

various culture temperatures jin Vvitro.

Numper of plants Culture temperature.

per explant. 15° ¢ 22° ¢ 259 ¢ 320 ¢ Total.
© 55,3 6,4 27,7 18,0 1o %
1 -5 13,0 43,5 34,8 8,7 166 %
6 - 10 3,4 17,2 51,7 27,6 10 %
> 1w 4,5 18,2 54,5 22,7 100 %

Significantly more plantlets formed on explants cultured at
22 and 25° C than on explants cultured at 159 ¢ (X2 =
32,93** ; p o= W,001). The number of plants formed on ex-
plants cultured at 32° C did not differ significantly from
the number occurring on explants cultured at 22 and 25° C

(X% = 3,20 NS; p = ©,05).

B.2.2 The effect of culture temperature on fresh mass ac-

cumulation by Ornithogalum ‘Rollow' explants in vitro.

The data was checked for normality using BMDP 5D histograms
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and univariate plots (bixon, 1985). The data was not nor-
mally distributea, and as a result of its distribution, it
was decided to transtorm the data using a log normal
transformation. The use of this transformation did not al-
ter the outcome of the variance analysis significantly.
The culture temperature significantly affected the fresh
Imass accumulated by explants after six weeks 1in culture
(Table 6W).

Table 6. Analysis of variance to determine the effect of

culture temperature on fresh mass accumulation by

grnithogalum ‘Rollow' explants in vitro after six
weeks 1in culture.

Source of variation variance ratio.

Untransformed Pata Log-Normal Transformation

Culture Tenmperature 4,76** 3,49*

Equality of means test; variances are not assumned to be equal.
welch 5,79%" 3,93"
Brown=torsythe 4,72** 3,28*

Levene's test for

equality of variance 6,51** 1,80

i : Highly significant result; keject HC at p = ©,0l

: sSignificant result; Reject H® ar p = v,v5.

The significance of treatment effects were assessed using
the imultiple range test of Student-Newman-Keuls. The op-
timum culture temperature for fresh mass accumulation lay

between 22 - 32° C (Table 61).
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Table 01. The effect of culture temperature on Qrnithogalun

"kollow' explant fresh mass accumulation shown by

the multiple range test of Student-Newnian-Keuls at

the 99 % contidence limit T.

159 c. 22° c. 25° c. 329 c.
suboptimal
optimal
mean (X) v, 859 W, o6g 9,089 v,07g
n 31 22 29 48

r For transformed data, the same result was obtained at the

95 % confidence level.

8.2.3 The effect of culture temperature on the incidence of
callus on Qrpithogalum ‘Rollow' explants.

The culture temperature significantly affected the incidence

of callus on explants of Ornithogaluwm ‘Rollow' after six

weeks in vitro (X2 = 7,811* : p = W,05). The 1ncidence cf
callus was reduced by increased culture temperatures (Table
b2)o

Table 62. The effect of culture temperature on the occur-

rence of callus on Qrnithogalum ‘Rollow' explants
P

in vitro.

Culture temperature. Incidence of callus.
15° c. 58,1 %
22°9 c. 36,4 %
25° c. 37,5 %
32° c. 20,9 %
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B.2.4 The effect of culture temperature on the incidence of

chlorophyll in 9rnithogalum ‘kollow' explants.

Culture temperature significantly affected the incidence of

chloropnyll in Ornithogalum “Rollow' explants in vitro (x2 =

*
51,130* ;P T W,0080). Increased culture temperatures

reduced the incidence of chlorophyll in Ornithogalum

"kRollow' explants in vitro (Table 63).

Table 63. The etffect of culture temperature on the occur-

rence oOf chlorophyll on Qrnithogalum ‘Rol}ow' ex-

plants 1in vitro.

Culture temperature. Incidence of chlorophyll.
15° c. 100,0 %
22° c. 45,5 %
25° c. 58,3 %
329 c. U,9 %

$.2.5 The etfect o0f culture temperature on the in vitro con-

tamination rate.

Culture temperature was not found to significantly affect

the contamination rate in vitro (X2 = 3,96 NS ; p = U,65).

8.2.0 The effect of culture temperature on plantlet morphology.

Photographs were taken of explants cultivated at the tem-
peratures used for this experiment. to provide an indication
of the effect of culture temperature on plantlet morphology

(Figure 16).
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Figure 16. The effect of culture temperature on
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Digitised by the De%ﬁmmm)%?ﬁnu’&%ﬂ‘of open access to information, University of Pretoria, 2021




[o9]
W

157

Summary of Results.

. Lxplants cultured between 229 and 32° C initiated more
plantlets and had greater fresh masses than explants

cultured at 15° C.
. ihe incidence of callus and the chlorophyll contents of
explants were highest at 15° C and decreased with in-

creasiny culture temperature.

. Contamination rates were unaffected by culture

temperature.

bDiscussion.

According to Towill & rlazur (1976), plants respond to tem-
perature stress 1n the saie way as to osmotlic stress. The
cells lose water until equilibrium between the chemical
potential of water inside and outside the cell is obtained.
This physiological response is known to affect biochemical
and physiological processes within the cell.
Photosynthesis, respiration, solute permeability DNA and
protein synthesis (Bernstam, 1978) are all affectea.
Molecular changes causing these responses could include al-~-
terations in the solubility and concentrations of solutes,
compaction of macromolecules, changes in pH and membrane

alterations.

bDormancy in pulb plants is under the control of environmen-

tal factors. Of these factors tested on Ornithogalum

arabicum, temperature alone affected dormancy, light inten-
sity and day length being without effect (Shoub & Halevy,

1971). ornithogalum bulbs do not require vernalization to

break dormancy. Tompsett (1985) for Ornithogalum thyr-

soides ana Shoub & Halevy (1971) for Ornithogalum arabicum
both report a high temperature pre-storage requirement 1in

these bulbs to break dormancy. Although initiation and
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developnent. of the inflorescence are favoured by a succes-
sion of temperatures which retflect the nmorphological and
physioloyical processes occurring {(went,1953), Shoun &
Halevy (1971) and Jansen van Vuuren (1983) tound that in Or-

nithogalum arabicum and Ornithogalum thyrsoides

respectively, 1nflorescence development 1s possible over a

wide range of teuperatures ( 5° - 3u° C).

In this experiment, Ornithogalum ‘Rollow' explants cultured

between 22° and 32° C producea plantlets and accumulated
fresh mass at comparable rates. At 159 ¢ growth was

retarded. Hussey (1970) reported culturing Ornithogalum

thyrsoides explants at 20 ¢, while Nel (1981) cultured Or-

nithogalum leaf explants in vitro at 23° ¢, and reported

that, unlike mature bulbs or normal bulblets in vivo, these
plants did not become dormant during December, but continued

growing, producing flowers within four months in vivo.

The 1incidence of callus and chlorophyll 1n explants
decreased with increasinyg culture temperature. Similar
results obtained by Pence & Caruso (1986) working on crown

gall tumours in Nicotiana tabacum were attributed to reduced

cytokinin levels in tissues cultured at high temperatures
(Amasino & Miller, 1983). At 33° C, tumour tissues in
vitro were green and leaty, while at 21° ¢, tumour tissue

was whlte and callus like.

The effect of temperature on growth is largely attributed in
tissue culture studles to 1ts effect on plant hormone
activity. Most evidence 1s based on ygrowth responses to
exogenous applications of these hormones (Halaban, Galun &
Halevy, 1965; Stimart & Ascher, 1981 a & b; Seabrook &
Cummings, 1982; van Aartrijk & Blom-Barnhoorn, 1983), al-
though some direct measurements of hormone levels in tissues
have been made (Amasino & Miller, 1983; Radin & Hendrix,

1986; Pence & Caruso, 1986).
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Altnough many atteupts to break dormancy using plant nor-
mones have been made, few o0f these attempts have bheen
successful (van Staden, 197&). tialevy, Mor & Valershteln
(1971), found that only certain stages in the development of

Ornithogalun arabicum bulbs could be related to the gib-

berellic acid concentration in the bulbs. bepending on the
stage of development, however, dormancy 1s probably under

the control of more than one plant hormone.

The response of tissues in vitro to different temperature
regyimes 1is 1influenced by the physiological preconditioning
of the tissues at the time of explanting (Stimart & Ascher,
1981 b), the aye of the tissue (Julien, 1983) and the nor-
phological and physiological characteristics ot the explant

(seabrook & Cunming, 1982).

In addition to evidence for the effect of culture tempera-
ture on plantlet initiation and fresh mass accumulation in
vitro, some evidence that bulb morphology was affected was
obtained, but not quantified statistically. Leaf develop-
ment was largely limited to explants cultured between 22°
and 25° ¢, while bulb diameter increased with increasing
culture temperatures to a maxlimum at 329 c. Callus forma-
tion was stimulatca by low culture tenperature. Further
information on the in vivo performance and survival of in
vitro bulbs produced under different culture temperatures 1is
reguired before the commercial significance of their mor-

phologies can bhe assessed.
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CHAPTER 9.

GENERAL DISCUSSION.

The optimum environmental conditions for the 1in vitro

propagation of a species and a cultivar of Ornithogalum were

determined. The cultivar chosen for its broad genetic

background was Ornithoyalum ‘Rollow' and the species Or-

nithogalum maculatumn. The genetic isolation of the species

Ornithogalum maculatum in the breeding programme was suy-

gested by 1its lack of response to conditions under which Or-

nithogalum ‘Rollow' initiated plantlets.

The work was undertaken as considerabhle scope for the com-
mercial exploitation of the genus as pot plants and cut

flowers exists both on the local market and overseas.

Multiplication in vitro was effected by the stimulation of
adventitious shoot formation directly on the explant. A
possible disadvantage of the technique is the loss of
viability which 1s associated with repeated subculture
(tlussey, 19706). tiowever, it 1is rapid and shows low

variability.

A factorial experimental design was used in all experiments.
Parameters studied were the main effects of the variables
(called factors) being investigated and the interactions be-
tween them (Stuart, 1907). This experimental desiygn is ap-
proprliate to exploratory studies where a number of factors
are involved 1in determining the observed response and where
results must lead to recommwendations that have application
over a wide range of conditions. Generally it is necessary
o use more than one parameter when assessing the effect of
an experimental vafiable as the 1influence of the variable

need not be the same on all parameters.
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The most important determinant of the rate of 1n vitro in-
crease and the guality of the regenerated plants 1s the ini-
tial explant. The impact of explant source, site on the
donor organ, orientation relative to the basal medium, addi-
tional wounding to the explant and size of the explant on
growth yield were studied.

The in vitro regeneration of Ornithogalums from a wide range

of organs; leaves (Nel, 1981);: bulb scales and inflorescence
stalks (Hussey, 1975, 1976); stigma, style and ovary tissues
(Chuny et al., 1980) is reportea.in the literature. So as
to avold the loss of a season between flowering and clonal
propagation, the viability of leaf, inflorescence bract and
inflorescence stalk explants were compared after one third
of the flowers on the inflorescence opened, and selections
could be made. Bulb material was avoided as thls cannot be
used where single plant selections are made in a breeding
programme. The most viable source of explants at anthesis
was the brdct in the axils from which branches of the raceme

arise.

The explant fresh mass was a function of the initial explant
size, while the explants most efficient at hiomass accumula-

tion were those which differentiated plantlets.

Prior to anthesls, leaves are used as explants. They are
abundant.,, obtained with minimal damage to the donor plant,
and relatively free of micro-organisms. The donor plant
and the site on the donor leaf from which the explant was
removed, significantly affected the viability of the explant
in terms of thelr ability to regenerate plantlets in vitro.
'he lower half of the leaf provided the most viable
explants, with less satisfactory explants being derived from

the upper half of the leaf.

The rate of biomass accunulation by explants depended on

their ability to differentiate plantlets. It appears that,
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auring the first twelve weeks of the culture period, when
explants accumulated fresh mass as a linear function of the
culture period, fresh mass 1s determined by the number of
plantlets on the explant. After twelve weeks, the rate of
tresh mass accumulation increased. Despite the variations
to which they are subject, both plantlet callus and fresh

masses provide information concerning explant viapility.

Variable effects of explant orientation on regenerative
ability are reported in the literature (Paek, 1982; Wietsma,

1984). Four orientations of Ornithogalum ‘Rollow' explants

were comparea. Leaf explants were placed on the medium
horizontally (with thelr abaxial or adaxial surtface in con-
tact with the meaium), and vertically (with polar or apolar
orientation). The effect of explant orientation on growth
varlied depending on the donor plant. Aaverse effects were
assocliateu with vertical apolar explant orientation, im-
plicating auxin involvement wnich 1is transported in a polar
airection 1n plant tissue. As a consequence of this
orientation, plantlet initiation was delayed and fresh mass
accumulation by these explants was slower in consequence.
By the eighth week 1n culture plantlet 1initiation was
similar, regardless of explant orientation. However, the
fresh masses of the explants with vertical, apolar orienta-

tions were significantly lower.

Presumably variations in the phytohormone levels in the
donor plants during development. (Rudnicki & Nowak, 1976)
would affect explant response to a given orientation . In
aduition, the redistribution of auxin would affect levels of
other phytohormones in the tissues. Transport of auxin via
tne pnloem 1is likely to be negligible due to callose deposi-
tion in sieve tubes 1in response to wounding (Esau, 1900).
The exlstence of gradients 1in regenerative ability in ex-
plants (J.G. Janse van Rensbury, pers. comm.) as well as be-
tween sites of vascular tissue (Yanagawa & Sakanishi, 1980)

implicate the involvement of the epidermis, cortex, xylem
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and pitn (Goldsmith, 1977) 1n secondary auxin transport.

Stimulation of plantlet initiation in response to wounding
is extensively reported in the literature (liussey, 1976; van
Aartrijk & Blom-Barnhoorn, 1983; bPaek, 1982 and Douglas,
1985). A grid of small squares pattern cut into the sur-

face ot Ornithogalum ‘Rollow' explants was found.to inhibit

plantlet initiation on explants although the subsequent dif-

ferentiation of these plantlets on explants was unaffected.

Wounding results in a biphasic response (Macnicol, 1976).
The initial response or "wound" respiration lasts 15 - 40

minutes and 1s unrelated to plantlet initiation (Macnicol,

1976) . The "induced" or "developed" respiration occurs
atter 1 - 2 hours and may last several days (Macnicol,
1976). The magnitude of the latter respiration depends on

the extent of DNA and protein synthesis (Macnicol, 1976),
but 1s 1ndependent of the age of the explant. Where wound-
ing has a stimulatory effect, this probably results from the
increased citric acid cycle, pentose phosphate pathway and
glycolytic activity (Macnicol, 1Y76). The effect of wound-
ing depends on the explant's ability to recover from
membrane damage (van Aartrijk, Blom=-Barnhoorn & Bruinsma,
1985 b). Macnicol (1976) observed an inverse relationship
between eneryy charge and the distance from the wound
surface. The wound effect extends 2 - 5 mm from the cux
surface (van Aartrijk & Blom-Barnhoorn, 1983). The

decreased ability of Ornithogalum ‘Rollow' explants to in-

itiate plantlets in response to wounding was probably a con-
sequence ot the energy required to restore membrane

integrity.

Metabolic changes in response to wounding are similar to
those which occur in response to plantlet initiation (Patel
& Berlyn, 1983; Macnicol, 1976). To determine to what ex-
tent plantlets arise in association with wound surfaces on

the leaf explants, the regenerative ability of (1, x 1,0
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cm; ©,5 x 1,0 cm; 6,5 x ¥,5 cm) explants were compared.
Plantlets were fcound to arise in assod¢iliation with wound sur-
taces on the explant, rather than randomly distributed on
the explant. The regenerative ability per unit wound sur-
face area remained constant for the explant sizes tested,

irrespective of the wound surface area of the explant.

Growtnh yield 1is determined by the chemical composition and
the pnysical yualities of the medium. Generally, extant
media are adequate for plantlet initiation in vitro (Gamborg
et al., 1976). The medium chosen for experimental work was
that of Nel (1981) - a modified Linsmaer & Skoog (1965)

medium proposed for mass propagating Ornithogalum cultivars

in vitro. The 1nfluence of phytohormones, carbohydrates,
agar and pli-value on growth yiela are discussed. Since tne
discovery by Skooy & Miller (1957) that organoyenesis could
be 1induced py adjusting the auxin : cytoklnin balance 1in the
medium, 1n vitro technigues have been applied to many plant
species. Fanipulating the penzylaminopurine (BAP) and nap-
thaleneacetic acia (NAA) contents of Nel's (1981) medium
proved insutficient to induce plantlet 1nitiation on Or-

nithoyalum maculatum explants, Plantlet initiation on Or-

nithogalum ‘Rollow' explants occurred in the absence of ex-

ogenous phytohornones, 1indicating that sufficient levels of
phytohormone were present 1n these tissues to satisfy the

organogenlic reguirement.

Unlike QOrnithoygalum thyrsoides, which was unaffected by the

cytokinin content of the nutrient medium (Hussey, 1970), BAP
stimulated organogenesis (at concentrations between 1,0 and

2,0 mg.dm'j) and fresh mass accumulation by Ornithogalum

‘*Rollow' explants (at concentrations between 2,0 and 4,9
mg.dm‘j). The increasing genetic instability of Or-

nithogalum tnyrsoides on repeated subculture, is attributed

by tlussey (19760) to the decreasing ability for autonomous

cytokinin synthesis by Ornithogalum thyrsoides tissues with

repeated subcultures.
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A significant interaction between phytohormones in the
medium occurrea, which affected plantlet 1initiation and

fresh mass accumulation by Ornithogaluw explants. As the

level of BAP 1n the medium increased, so the optimal level
ot NAA 1n the medium for pboth plantlet initiation and fresh
mass accumulation decreasea. The concentration of
phytonormones of ©,1 mg.dm-3 NAA and 2,0 mg.dm'3 BAP sug-
gested by Nel (1981) occurred within the concentration range

ot phytohormnones giving optimal yields.

The interaction between phytohormones and the carbohydrate
balance in the meudium determined the rate ana type of dif-
ferentiation (Tran Thanh Van, 1977). The ability of the
explant to differentiate plantlets was determined by the

genome witnh Ornithogalum maculatum explants failing to dif-

ferentliate plantlets under conditions sultable for plantlet

differentiation by Ornithogalum ‘Rollow' explants.

Only polysaccharides with an Q& - glycosyl raaical at the
non-reducing ena of the molecule are capable of inducing or-
ganoyenesis (Jeffs & Northcote, 1967). Tnese molecules
combine with other molecules 1in tnhe presence ot phytohor-
mones to exert their effect on differentiation. At the
molecular level, this forms an inducer / repressor systen
(shoemaker, Conche & Galbraith, 1986) which controls or-

ganogenesis (Jeffs & Northcote, 1967).

The form in which explants utilise carbohydrates 1s deter-
mined by the species or clone (Maretzki, Thom & Nickell,
1974), the concentration of carbohydrates in the medium, the
stage of development of the explant (Jeffs & Northcote,
1967) and environmental conditions (Tran Thanh Van, 1981).
According to Maretzki, Thom & Nickell (1974) glucose and
sucrose, the major transport forms of carbohydrates 1in the
plant, are the two forms most likely to promote optimum

growth.
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Sucrose was found to stimulate plantlet initiation and

biomass accumulation by ornithogalum “RkRollow' enplants, but

only in the absence of phytohormones in the mediunm. Nel
(1981) suggested that 30 g.dm-3 sucrose was optimal for
plantlet 1nitlation on agar solidified media. Callus for-

mation on QOrnithogalum maculatum explants was stimulated by

increasing the sucrose content of the culture medium. An

interaction occurred between carbohydrates in the culture

medium - mannose at concentrations greater than 30 g.dm_3 in

the presence of equivalent or lower sucrose concentrations

inhibited fresh mass accumulation by Ornithogalum ‘Rollow'
3

explants. In the absence of phytohormones, 1;¢ g.dm”

sucrose was required in tissue culture media of Ornithogalum

‘Rollow’' before tresh mass accumulation occurred.

In adaition to their nutritional role in culture media, car-
bohydrates exert an osmotic effect. The soluble concentra-
tion determines the water potential of the culture medium
(Nogyle & trritz, 1976), which initially, or after six weeks
of explant subculture, was not found to constitute a stress
factor. while a drop in water potential during culture may
initially stimulate organogenesis (Yoshiada, Kobayashi &
Yoshida, 1973) later growtn inhibition 1is often a con-

sequence (Dunwell & Thurling, 19&5).

That the adverse effects of supraoptimal sucrose concentra-
tions on growth cannot be interpreted as the result of os-
mot.ic stress was demonstrated by Takayama & Misawa (1980)
who were able to alleviate the adverse effects of supra-
optimal sucrose concentrations on growth by raising the salt

content. of the nutrient mediumnm.

The optimum agar concentration in Nel's (1981) medium de-
pended on the factors beinyg 1lnvestigated and the car-
bohydrate content of the nutrient medium. A significant 1in-

teraction occurred between the agar and sucrose in culture
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inedia with the highest 1nciuence of plantlets on medla con-

talning wore than 15,0 g.dm"j ayar at 3w, g.dm_3 sucrose.

Fresh and dry mass accunulation was stimulatea by the ayar,
nowever, 15,6 and 20,0 g.dm‘3 aygar respectively proved
inhibitory. The water content of the tlssue was unaffected
by the agar content of the medium, although media containing
ayar showed significantly higher water potentials-than those

lacking agar.

The effect of agar on yrowth 1s believed to result from the
reduced contact between the explant and the medium, which
raises the transpiration rate of the explant (Yoshida,
Kobayashi & Yoshida, 1973), reducing the tolerance of the

explant. for low medium water potentials.

According to Reinert & Yeomus: (1982) media are generally
poorly buffered at the pH-values most commonly utilised for
growth. The buffering capacity of Nel's (1981) medium was
minimal between pH 3, and pH 8,0. Neither the addition of
phytohormones to the meaium, nor autoclavinyg, siygnificantly
affected the bhuffering capacity of Nel's (1981) medium.
Although medium acidification which was attributed to media
interactions (Skirvin et al., 1986) occurred between pH 6,7
and pH 9,62, the effect was so slight as to be almost
negligible, and was removed by the addition of agar to cul-

ture media (Singha, 1982).

Martin & Rose (197¢) observed that medium pll affected the
form in which nitrogen was removed from the medium by the
explant. From pH 6,2 to pH7,1 ammonium, but not nitrate,
was utilised. At pH 5,6 both ammonium and nitrate were
ut.i1lised, while at pH 4,8, nitrate was used in preference to
ammonium. As nitrogen and ammonium are the major buffering

component.s of the medium, their utilisation affects medium

phi.

Skirvin et al. (1986) noted that explants modify the pH of
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the culture media so that, regardless of 1initial ph, tne

tinal pii of the Leulum lles withiln a narrow band.

170 study the effect of a given pH on growth, a Ky HPO, -
citric acid bufrfer combination was included in the nutrient
med1uib. I'he buffer was chosen because of its wide buffer-
ingy capability. A toxlc effect of this buffer. on growth
was observea. Few plantlets were initiated on explants un-
der the experimental conditions. liowever, maximum
chlorophyll retention by explant tissues occurred on media

contalininyg tne highest buffer concentrations.

The adverse effect of pH on growth has been attributed to
its effect on nutrient and phytohormone availability. A
logarithmic relationship was established between the pl-
value and the water potential of Nel's (1981) medium. The
water potential gives an 1indication of the solute concentra-

tions in media and thus tne nutrient availability.

In Nel's (1981) medium most nutrients were avallable for
growth 1in the pH range pitl 5,6 to pH 6,5 at the beginning of
the culture period. At pH-values higher than pli 7,0 a
white precipitate, probably calcium orthophosphate, formed
when buffer was added to the nutrilient mediun. After six
weeks 11 culture the situation was reversea and solute

availability was minimal between pH 5,6 and pH 6,5.

Although plantlet initiation was unaffected by pl-values be-
tween pH 5,¢ and pH 7,0, optimum fresh mass accumulation oc-
currea between pH 5,0 and pH 6,0 (after three weeks), and pH
5,0 and pH 6,5 (after six weeks), in culture. Optimum dry
mass accumulation occurred between pH 5,5 and pH 7,0.
Martin, Rose & Hui (1977) attributed the low dry masses at
pH 5,0 to the low rate of carbohydrate conversion to
biomass, as a result of the metabolic energy reguired for
maintalnling tissues cultured at low pH. The percentage

moisture content of explants was unaffected by pH.
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The contamlnation visible on explants was highest at pH ex-
tremes (pH 5,v and pt 7,0). These correspond Lo meula
having tne highest solute concentrations at the end of the
culture period anda probaply 1ndicate the ability of micro-
organisms and plant ftissues to compete for resources under

the environmental conaitions existing in vitro. .

In practice 1t has been observed that the optimal cultural
environment 1s the one tnat most closely simulates the

plant's natural habitat.

The effect of culture temperature on organogenesis in vitro
is largely attributed to 1ts effect on phytohormone
concentrations. The 1incidence of plantlets and the fresh
mass of explants was optimal at culture temperatures from
22° to 329 cC. At a temperature of 15° ¢, plantlet initia-
tion and tresh mass accumulation were 1inhibitea. The
cnhlorophyll content of tnese tissues was high, as was the
incidence of callus. Similar results obtained by Amasino &
Miller (19Y83) were attributed to the reduced cytokinin

levels in tissues cultured at high temperatures.

In analysing the relationship between the 1n vitro explant
and 1ts environment 1in terms of growth yield, little infor-
mation was gained about the tundamental physiological
processes that control the response of plants to theilir
environuent. However, valuable clues are obtained (liunt,

1978) .
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SUNMAKY .

Rapid multiplication of cnincnerinchee

(Ornithoyalum specles) by tissue culture.

by
Penelope Anne Landby

Supervisor Prof. H.A. van de Venter.

bepartment. : Botany.

begree M.S5c.

A study of factors affecting morphogenesis by Ornithogalum

‘Rollow' and Ornithoyalum maculatum explants was made to

facilitate the rapia multiplication of products of the
breediny programme of the Vegetable and Ornamental Plant Re-

search lnstitute 1in South Africa.

The water potential of Nel's (1981) medium declined insuffi-
ciently over the culture perioa to constitute a physical
stress on explants. T'he inclusion of agar and a citrate -
KoHPO, buffer system lowered the water potential of the cul-
ture medium significantly. Where the medium was buffered,
a guaaratic relationship exlsted between medium water poten-
tial and pH. buring culture, most nutrients were utilised

between pH 5.6 and pil 6.5.

The butfering capacity of the culture mediun was minimal be-
tween pH 3.U and pH 8.d. lNeither the addition of phytohor-
mones to the medium, nor autoclaving significantly affected

the buffering capacity of the medium.

ornithogalum maculatum explants failed to differentiate

plantlets under the culture conditions 1n this study.
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The number of plantlets difterentiated on Ornithogalum

‘Rollow' explants was linearly related to the culture

period.

Prior to anthesis, leaf explants were used. A gradient. in
regenerative abilility tavouring the leaf base was Observed.
Apolar vertical orientation of these explants from some
donor plants delayed plantlet initiation, implicating auxin

involvement in the process.

Plantlets arose 1n assoclation with wound surfaces on the
explant. The number of plantlets initiated was propor-
tional to the wound surface on the explant. Additional
wounding to explants inhibited morphogenesis, probably as a
result of the diversion of energy away from organogenic

processes in order to restore membrane 1ntegrity.

After anthesis, the viability of leaf explants decreased.
Bracts 1in the axils of raceme branches were the best ex-

plants at this stage 1in the development of the donor plant.

Napthaleneacetic acid (NAA) and benzylaminopurine (BAP)
while not essential for morphoygyenesis, stimulated plantlet
initiation on explants. Imbalances in the phytohormone
concentrations atfected plantlet incidence and morpholoyy.
The higher the BAP concentration, the lower the optimal NAA

concentration.

Plantlet initiation was optimal at sucrose concentrations of

3 and was suspended at concentrations lower than 16

30 g.dm”
g.dm’3. Supra- optimal sucrose concentrations inhibited
shoot. elongation, stimulating plantlet initiation only where
phytohormones were not added to the culture medium. Root
initiation only occurred at sucrose concentrations between

30 g.dm_3 and 6y g.dm‘3.

The pH-value and agar content of the culture medium was
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without effect on plantlet 1initiation, althouyh the use of
the bufrfer pair, citrate and RQHPO4 inhibited plantlet

initiation.

Significantly more plantlets were initiated on explants cul-
tured between 22 and 32°C than at 15°cC. Leaf development
was stimulated at temperatures between 22 and 250C, while

the diameter of bulbs increased to a maximum at 32°C.

Callus formation was stimulated by increasing sucrose con-
centrations in culture media and inhibited by increasing

culture temperature.

For the first twelve weeks 1in culture, the rate of fresh
mass accumulation by explants was dependent on the rate of

plantlet. ana callus formation.

The phytohormone concentration affected fresh mass accumula-
tion py 1intluencing differentiation. Increasing the
cytokinin concentration in the culture mediuin necessitated a
reduction 1in the auxin content of the mediur in order to

acnieve optimal fresh mass accunulation.

The etffect of the interaction between carbonhydrates and
other medium constituents determined the rate of fresh mass

3 interacted with sucrose

accurulation. rlannose at 30 g.dm”
at equivalent or lower concentrations delaying the rate of

tresh mass accumulation by explants.

Fresh mass accunulation was optimal at agar concentrations
between 5 and 15 g.dm-3, at. pH-values between pl 5,0 and pH

6,5 and at culture temperatures between 22 and 32°c.

The ratio of fresh to dry mass remalned constant for all
treatments. Dry mass accumulation was stimulated by 1in-
creased carbohydrate concentrations, pli-values 1in the range

pH 5,5 to pt 7,9 and agar concentrations below 26,0 g.dm—3.
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ornithogyalum maculatum explants was 98,7%. The moilisture

content. or explants was unatfected by altering the medium
carpohydrate content, pti-value or agar concentration as

described in this study.

The chloropnyll content of explants decreased in response to
increasing sucrose concentrations. Decreasing ptl-values
and buffer concentrations in culture media and increasing
culture temperature also reduced-the chlorophyll content of
explants. The agar content otf the culture medium did not

affect tne chlorophyll content of explants.

The contanlnation visible on explants varied depending on
the source, age and stage of development of the explant
material. Hiyhest contamination rates occurred at pH ex-
tremes and probaply indicated that contaminating micro-
organisms had a competlitive advantage over explant material
under tnese conditions. Culture temperature was without

effect on contamination rates.
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SAMEVATTING.

Vinnlige vermeerdering van Chincherinchee (Ornithogalum

sEesies) deur weefselkultuur.

deur

Penelope Anne Landby.

Promotor : Prot. H. A. van de Venter.
Departement : Plantkunde.
Graad : M.Sc.

Die faktore wat mnorfogenese by Ornithogalum ‘Rollow' en Or-

nithogalum maculatum eksplante peinvloed is bestudeer ten

elnae dle vinnige vermeerdering tydens die teelprogram van
di1e Navorsingsinstituut vir Groente en Silerplante te

vergyemaklik.

Die waterpotensiaal van Nel (1981) se medium verander mini-
maal tydens die groeiperiode en die eksplante was dus nie
aan enlge tislese vogspanning onderwerp nie. Indien agar
en 'n sitraat - K,HPO; Dbuffersisteem by die medium inges-

luit was, net die waterpotensiaal betekenisvol verlaag. n

Kwadratiese verband tussen die waterpotensiaal van die

meadalium en dle pil 1s waargeneem wanneer 'n bufferisisteem in

die medium 1ingesluit 1is. Optimale verbruik wvan
]

voedingselemente 1in kKultuur 1s tussen 'n pH van 5,6 en 6,5

waargeneein.

Die pbufferkapasatelt van die medium was minimaal tussen pH
3,0 en 8,0. Byvoeging van groelistowwe en autoklavering het
nie die bpufferkapasitelt van die medium betekenisvol

n .
belinvloeda nie.
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Geen differensiasie van plantjies het voorgekom by Or-

nithogalum maculatuin eksplante nilie. Lie aantal plantjies

wat vanaf Ornitnogalum ‘Rollow' eksplante gedifferensieer

het, was verwant aan adlie tydperk in Kkultuur.

Blaareksplante 1s voor antese gebruik. bie
regenerasievermoé van die blare het 'n gradiént gevorm et
die optimale gebied aan die blaarbasis. Indien eksplante
vanat sommige donorplante op ‘n apol@re, vertikale manier
georignteer is, was 1lnisiasie van plantjles vertraaqg.
Hierdie waarneming dul op die betrokkenheid wvan ouksiene in

die proses.

Plantjies 1s 1in ale omgewlng van die wondingsgebied op die
eksplante gevorm. Die aantal plantjies wat gevorm het was
eweredly aan dle omvang van die wondingsoppervlak. Mor-
foyenese 1is egter geinhibeer indien die eksplante verder
gewond 1s; moontlik word die energle gebrulk om membraanin-
teyriteit te herstel in plaas van organogenese.

Die vermoé omu plantjies vanaf blaareksplante te regenereer
neem af as die donorplant reeds geblom het. In hierdie
geval was dlie skutplaartjies in die oksels van die bloeils-

tele die beste om te gebrulk as eksplante.

Naftaleenasynsuur (NAA) en bensielaminopurien (BAP) was nie
noodsaklik vir morfogenese nie maar het wel die inislasie
van plantjies op die eksplante gestimuleer. Ongeballan-
seerde groeistof konsentrasies het die hoeveelheid plantjies

. L]
wat gevorm het, sowel as hul morfoloyie, belnvloed. n
/ . . .
Hoer BAP-konsentrasie het 'n laer optimale NAA-konsentrasie

tot gevolg ygehad.

Die optimale sukrosekonsentrasie vir plantinisiasie was 30

c_;.dm"3 en by konsentrasies laer as 14 g.dm-3 is plantjies
nie gevorm nle. Supra-optimale sukrosekonsentrasies het

5 . . /] : . . . . .
die verlenging van spruite gelnhibeer en plantlinlslasie 1n
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liedla sonuer groelstowwe gestimuleer. wortelvorming het

voorgyekom by sukrosekonsentrasiles tussen 3u g.dm_3 en ow

y . din~3,

bie pl-waarde en die agarkonsentrasie van die medium het nie
. . . . N H . . N . - .
plantinisiasie belnvloed nie terwyl die bufferpaar, sitraat

en h,HPO,, plantinisiasie geinhibeer het.

Kulture geweex tussen 22°C en 32°C het petekenisvol meer
plantjlies as die by 15°cC gelewer. Temperature tussen 22°C
en 25°9°C het blaarontwikkeling gestimuleer terwyl die bol-

aeursnit maksimaal was by 32°C.

Kallusvorming 1s gestimuleer deur toenemende sukrosekon-
. . L] .
sentrasles 1nh dle medlum en geinhlibeer deur verhoogde

temperatuur.

Die toename 1n varsmassa van kulture 1s gedurende die eerste
twaalf weke deur die mate van plant- en kallusproduksie

bepaal.

Die Konsentrasie groelstowwe 1in dle medium speel ook 'n rol
tydens varsmassatoename aangeslen dit differensiasie
belinvloed het. Verhoogde sitokinienkonsentrasiles in die
mealunt gaan gepaard met 'n verlaagae ouksienkonsentrasie ten

einde 'n optimale toename in varsmassa te verkry.

Varsmassatoename 1is deur die interaksie tussen Kkoolhidrate
en ander bestandele in die medium bepaal. Die 1interaksie
tussen mannose (39 g.dm“3) en sukrose van ‘n gelyke of laer
konsentrasie het aie toename 1in varsmassa van eksplante

vertraag.
Varsmassatoename was optimaal by agarkonsentrasies tussen 5

g.dm'3 en 15 g.dm°3, pH waardes tussen pH 5 en 6,5 en tem-

perature tussen 22°C en 32°C.
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bUlie verhouding tussen vars- ern droe massa net konstant yebly
oor al die behandelings. 'n Toename in dro& massa is yes=-
tinuleer deur 'n toename in koolhidraatkonsentrasies, pl-
waardes tussen pH 5,5 tot 7,0 asook ayarkonsentrasies laer

as 2u g.dm-3.

Die gemiddelde voginhoud van Ornithogalum “Rollow® en

Ornithogalum maculatum eksplante was 98.7%. Die voyginhoud

van eksplante 1s nie deur die koolhidraatkonsentrasie, pH-

waarde of agarkonsentrasie, soos beskryf, belnvloed nie.

rlet. verhoogde sukrosekonsentrasies het die chlorofilinhoud
van die eksplante verlaag. Chlorofilinhouda het ook vér-
minder as gevoly van verlaagde pH-waardes en bufferkon-
sentrasies in die medilia asook 'nn toename in temperatuur.
Agarkonsentrasies het geen invloed op die chlorofilinhoud

gehad nie.

Varliasle 1n visuele Kkontaminasie van eksplante 1is deur die
bron van eksplante, ouderdom asook die stadium van ontwik-
Keling van dle donorweefsel belnvloed. Pie hoogste frek-
wensie kontaminasle het voorgekom by pll ulterstes. Mikro-
organisnies 1s waarskynlik tydens Kkonipetitisie onder hierdile
toestande bevoordeel. Temperatuur het nlie die mate van

. . R " .
kontaniinasie pelinvloed nie.
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APPENDIX.

The ceneral backoround of the Ornithogalum 'Rollow!

0. alticolum (Bainskloofvlei) X . flavissimum (Robberg)

0
0

0. fergussorniae (Kruisfontein) x . thyrsoides (Porterville)

x 0. thyrsoides
{Porterville) - 8388

0. alticolum (Bezinskloof) x 0. flavissimum (Robberg)

0. flavissimum (Robberg) x 0. miniatumn (Caledomn)

8374 x 8388

|

8355 x (9. alticolum (Bainskloof) x 0. brownleii (Grahamstown))
|
8357 X 0. conicum
!

75/103/33 cultivar 'Rolloy.

T

0. conicum was derived from crosses of this species out of the following areas:-

£landsbaai, Snorkfontein, Aurora and Duilkerfontein.
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