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CHAPTER 1. 

INTRODUCTION. 

1.1. 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 hulking up breeding material for 

selection purposes. 

1.2. The economic importance of the genus Ornithogalum 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 2706 hunches) 

Value R42 064,00 

Average Price R0,55 I bunch. 

Highest Price RS,99 I bunch. 

No figures concerning the export market are available. Ex

port arrangements are directly negotiated by growers. 



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

1.3. 

4 

Hadeco is believed to he the main exporter, hut declined to 

comment when approached for details. 

For the year ending February, 198 7, 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 30131st) 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Percentage of turnover. 

0,03 

No figures available. 

0,05 

0,05 

0,01 

No flowers marketed. 

0,02 

0,29 

0,61 

0,25 

0,47 

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 

3700 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: 
11 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 (Salish) Oberm. 

subgenus Urophyllon (Salish) Bak. 

subgenus Osmyne (Salish) 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

mer 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. 0r,-.itiwgalu:11 rn2,c~ls,tu111; Jscr_:_., Coll .2, 

t. 18, f. 3 (iconotyp2). (from 0oerm2yer, 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 

30 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 long, 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 per ianth 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=l2. 

Recorded from the western Cape, Namaqualand 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 

gin 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 + /- 3 3, 6 mm in length, 2 3, 2 

+/- 3,4 mm broad, inclined, straight to adaxially 

conduplicate, glaucous, carnose, yellow-green (RHS 

144 A) : apex acute, involute: bases cla-sping: 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 +/- 1,0 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 Ba): ovary oblong-globose, obtusely angled, 

yellow-green (RHS 152 A): style 3,1 +/- 0,5 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 in 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 (Gamberg et al., 1976). However, growth yield is 

determined by the chemical composition and the physical 

qualities 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 is 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. 

2.1.2 

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 22°c +/- 2°c in 

sterilized vermiculite after being treated for 30 minutes 

with an aqueous solution comprising 0.2 % 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; Shaub & Halevy,1971). 

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 were applied once a month while the bulbs 

were in full growth. 

2.2 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 usually 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. 

2.3 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 in the last rinse for 15 minutes. 
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2.4 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. 

2.5 The basal medium. 

The medium of Nel (1981} was used (Table l}. 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. 

NH4 N0 3 1650 mg. drn- 3 20,60 rnrnol. drn-3 

KN03 

CaC12 2H 2o 

MgS04 7H 20 

KH2 P04 
NaFeEDTA 

1900 mg. drn-3 

440 mg. drn- 3 

3 70 mg. drn-3 

170 mg. arn- 3 

25 mg. drn-3 

Micro-elements. 

H3 Bo 3 
MnS04 H20 

Znso4 7H 20 

KI 

Na 2 Moo4 2H 2o 

Cuso4 5H20 

CoC12 6H 2o 

6,200 mg. drn-3 

22,300 mg. drn-3 

8,600 mg. drn- 3 

0,830 mg. drn- 3 

0,250 mg. drn- 3 

0,025 mg. drn- 3 

0,025 mg. arn- 3 

Organic Constituents. 

18,80 rnrnol. drn-3 

2,99 rnrnol. arn-3 -

1,50 rnrnol. drn-3 

1,25 rnrnol. drn-3 

68,00 prnol. drn-3 

100,00 prnol. drn-3 

100,00 µrnol. drn-3 

29, 90 ,urnol. drn- 3 

5,00 ,urnol. drn- 3 

1, 03 ,urnol. drn- 3 

0, 10 ;urnol. drn- 3 

0, 11 .,urnol. drn- 3 

Sucrose 30,0 g. drn- 3 87,60 rnrnol. drn- 3 

Agar 7,0 g. drn- 3 7,00 g.drn- 3 

Thiarnine.HCl (Vitamin Bl) 0,5 mg. drn- 3 1,36 µrnol. arn- 3 

Mesa-Inositol 100,0 mg. drn- 3 555,00 prnol. drn-3 

Napthaleneacetic Acid(NAA) 0,1 mg. drn- 3 0,57 µrnol. drn- 3 

Benzylarninopurine (BAP) 2,0 mg. drn- 3 8,88 µrnol. drn- 3 

In place of a combination of sodium EDTA and ferrous 

sulphate, as suggested by Linsrnaer & Skoog (1965), NaFeEDTA 

was used, thus reducing the concentration of sodium ions in 

the medium. 

The level of thiarnine.HCl (vitamin Bl) in the Linsrnaer & 

Skoog (1963) medium was raised from 0,1 to 0,5 rng.drn- 3 in 

Nel's (1981) medium. The requirement for an increased 

thiarnine.HCl concentration in the medium probably sterns from 
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the higher pH (6,2) of Nel'.s medium as opposed to that of 
I 

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 10 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 103 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 

we re dipped in 80 % EtOH and flamed at regular intervals 

during use to surface sterilize them. 
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2. 8 Culture conditions. 

2.9 

Explants were cultured in growth chambers or cabinets under 

the conditions recommended by Nel {1981), unless otherwise 

stated. The temperature was a constant 22°c +/- 2°c. 
Lighting was supplied for a 16 hour photoperiod using Phil

lips 'TL' 40W/33 fluorescent lamps with an irradiance at ex

plant level of 24 070 mw.m- 2 and an illuminance of 8 300 
-2 lm.m . 

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 if 

calibrated accurately these instruments are accurate to 0,5 
0 c, 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 be low 2a 0 c { Downs & 

Hellmers, 1975). Little heat is lost through conduction 

and convection and if the walls of the tube or cabinet are 

warmer than the tissue they will add to the radiant energy 

absorbed 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 is 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, 195 7). 

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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) 

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. However, un

foreseen losses through contamination and test tube breakage 

often reduced the number of replicates involved. 

2.10 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 is 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 qualitative data were con

sidered during this study. 



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

19 

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 

Ornithogalum. 

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 is concerned with changes 

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

2.10.2.1 Demographic Data. 

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

valuable information where the experimental emphasis is 

on maximising the number 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):-

= 
2T 1T 

Units= mass.time-1 

Where 2M is the mass of the explant determined at the end of 

the specified culture period ( 2T) 

1 M is the initial mass of the explant prior to 

culturing ( 1T) 

Where the parameter, 1M was unknown, mass changes over time 

were calculated as:-

Percentage change in fresh mass= X 100% 

3M 

Where 3M is the explant mass measured first during a 

specified culture period ( 2T). 
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To determine the efficiency with which explants accumulated 

biomass in vitro, the relative growth rate was calculated 

( Hunt, 197 8 ) : -

= 

This formula was used only to a limited extent as it has to 

he 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 hy 

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 = 100% X Mf Ma 

Mf 

Where Mf = Tissue fresh mass 

Ma = 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 he 40 minutes in a 2450 MHz microwave oven (Table 

2) • 

Table 2. The effect of drying time on the moisture content 

of Ornithogalum 'Rollow' leaf explants. 

Drying time 

(minutes). 

30 

35 

40 

45 

n=5 

Mean moisture content 

619 

719 

772 

780 

(%) 

198 

80 

62 

63 

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

'Rollow' explants was 98 +/- 1,5% of the total fresh mass (n 

= 10). 

2.10.2.3. 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 is measured with a screen cage thermocouple 

psychrometer. This method is 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 chrome! junction of the 

chromel-constantin thermocouple for about 15 s, cooling it 

to about 0,6 °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 0 kPa water 

potential (0 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. 

2.11 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 

(Dixon, 1985). 

was estimated using BMDP's AM programme 

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 between 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 

BMDP's 2 V and 7 D programmes (Dixon, 

were performed usi~g 

1985) . The omnibus 

hypothesis that there were no differences between sample 

means was tested. For treatments, the omnibus hypothesis 

was:-

H = fl1 = P2 = .... = flk 
Where P1 = The mean of the first treatment 

Jlk = 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,~uivalent to the Scheffe 

procedure, guarding against error in all possible contrasts 

(Brown & Hollander, 1977). When a particular small set of 

contrasts was of special interest, 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 between 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 borderline, 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 regener~ted 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 !.Growth and regeneration of explants from 

various Ornithogalum 'Rollow' organs at 

anthesis. 

Section 2.The optimal explant site on Ornithogalum 

' Ro 1 1 ow 1 1 e a v es in t e r ms of r e g e n e r a t i v e 

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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SECTION 1. Growth anc.i reyenerat:.ion ot explant:.s from various 

CJrni-ttlo(Jaluni '.H.ollow' organs at ant:.hesis. 

3. 1. l Introauct.ion. 

belections of Ornithogalum plants for breeding purposes can 

only t1e macte during ant.hesis. At. ant:.hesis, Ornit.t10galum 

'Rollow' leaves began to senesce, reducing their regenera

tive potential. 'l'o prevent. t:.ne loss of a season between 

plant selection and clonal _µrova_9ation, al t.eruati ve explant 

sources t:.o leaves were souyilt at anthesis. 

Aft.er a third of the flowers on the inflorescence opened the 

regenerative ability of l,u x l,iu cm leaf base exµlants, 1,0 

cm long inflorescence stalk ex plants and the t)racts, in the 

axils from which t1ranches of the raceme arise were compared. 

Art>i trar ily, the inflorescence stalk below the branches was 

divided in half. 'l'he proximinal end, closest:. to the bulb 

is referred to as downst:.al.K. and the distal end, closest to 

the flowers is referred to as upstalk. 

Nel' s 1:1ea1.um ( 1981) containing 0, l mg. arn- 3 .NAA and 2 mg. drn- 3 

HAP was used in tne experiment. 

ture periou was six weeks. 

fresh masses were determined. 

'l'i1e duration ot the cul

Af t:.er three and six weeks, 

J\t the end of tr1e culture 

per iou, the nurnt>er ot plant.lets µer ex plant:. anu the number 

ot explants lacking chloroµhy 11 were nor.ea. In tor.al, U0 

explants were involveu in the experiment. 

'l'he number of plant.lets produced per tiundreu explants was 

ext:.rapolatea from the nurnher of: plant.lets µroctuced. 

JU>solut:.e yrowt:.n rates (G) were calculated from the fresh 

mdss data (Hunt, 197ti). 'l'he distrinution of the absolute 

growth rate data was checked for normality using BMDP 

proyramme SD (Dixon, l 9ti5). 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 ornithogalurn '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 

Ornithogalum 'Rollow' explants after six weeks i.D 

vitro. 

Site of explant Number of Adventitious shoots. 

on the donor organ. 

Bract 

Leaf 

Upstalk 

Down stalk 

------------

569 

50 

0 .. 

0 

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 ) • 

The effect of the ornithogalum 'Rollow' donor organ 

used as an explant source on the rate of fresh mass ac

cumulation in 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 in 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 non-parametric analysis of covariance 

to determine the effect of the donor Ornithogalum 

'Rollow' on the absolute growth rate of explants. 

Absolute Growth Rate. 3-0G 6-0G 
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 0,80 

** Highly significant result, Reject H0 at p = 0,01 

Where 3_ 0G = (Fresh mass after 3 weeks 

initially)= Time interval. 

fresh mass 

6 _0G = (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 masses 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 is 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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How tue cnloroptiyll colltent of explants from different 

oryans of un1.1tho9alw;1 'hollow' affects ill vitro yrowt:h 

anu regeneration. 

Leaf ext-Jlants contained more cnlorophy 11 than explanr.s from 

other organs ( ·rable 5), ctespi te tne onset of leaf- senescence 

at anthesis. 

'l'able 5. LXIJected number of explants lackiny chlorophyll 

per hundred Ornithogalurn 'Hollow' explants cul

tured .JJl.Yitro for six weeks. 

Site of explant Number of explants 

___ o_r_1 _d_o_1_1 o_r_o_r_. -=y_a_1_1 _. ____ l_a_c_ kin y _ c h_l_o_r_. o__,,,_p_l_,1 y.__l_l_. ___________ _ 

Bract 59 

Leat 28 

UpstalK 64 

DownstalK G4 

No relationsh1._µ was ot1served between the chlorophy 11 content 

of exµlants and the regenerative ability of organs from 

w 11 i c h t h e y \v e r e d e r 1. v e d ( rr a b l e 5 ) • However, once 

cnlorophyll was lost, explants no longer differentiated 

!Jlantlets. '!'he chl°oro~hy 11 content of explants was not al

tered by sunculturiny, alr.hough previously differentiated 

plantlets contain chlorophyll and continue developing. 

T 11 e vi s i bl e cont a rain at 1. on rates obs er v ect in exp la n ts 

t.aKen .tr.om var .1ous .i-Jlanr. organs. 

Tile rate of visible contamination of the different explant 

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

from various organs of ornithogalum 'Rollow'. 

3. 1. 3. 

3. 1.4. 

---------- - ·---------------------------

Site of explant % Contaminated explants. 

on the donor organ. 

Bract 

Leaf 

Upstalk 

Downs talk 

Summary of results. 

9 

14 

14 

0 

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. 

Discussion. 

The regeneration of members of the genus Ornithogalum 

through tissue culture from various organs is extensively 

reported in the literature (Hussey, 1975; 1976; Klesser & 

Nel, 1976; Nel, 1981; Chung et al., 1980). 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 

material differed on Nel's (1981) 

as sources of explant 

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 in 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 be

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. 

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 104 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 0,1 mg.dm- 3 

NAA and 2,0 mg.am- 3 BAP. Growth was expressed as the per

centage change in mass of the e~plant over 4 to 8 weeks, 8 

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

i 2 _M ___ 3!i_l x 100 =%change in fresh mass 

where 3 M is the mass measured first in time during a 

specified culture period, and 2M is the mass measured at the 

end of the specified culture period. This gives the% in

crease or decrease from 3M to 2 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 numher of in

ferences which were of interest. 

Linear regressions (Brown & Hollander, 1977) were used to 

arrive at relationships hetween the rate at which plantlet 

formation and fresh mass accumulation occurred. 

3.2.2. 

3 . 2 . 2 • 1 . 

Results. 

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 numher of plants produced hy Or

nithogalum 
1
Rollow•leaf explants in vitro (Tahle 7). Sig

nificant interactions hetween all these factors were also 

apparent. 
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Tahle 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 hy 

ornithogalum 'Rollow' explant. 

Source of variation. 

Experimental mean. 

Donor Plant 

Explant Site 

Culture Period 

Interactions:

Plant X Site 

Plant x Culture Period 

Site x Culture Period 

Plant x Site x Culture Period 

Variance 

349,09 

26,70 

26,64 

138,19 

6,80 

7,44 

9,59 

3,40 

ratio. 

** 

** 

** 

** 

** 

** 

** 

** 

** : Highly significant result; Reject H0 a~ p = 0,01. 

The leaf hase, when compared to the midhase, midtip and tip 

portions of the leaf was the most prolific source of plants 

{Tahle 8). The leaf hase 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). 



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

43 

Table 8. Results of a contrast in population means showing 

the influence of explant site on the Ornithogalum 

'Rollow' leaf on plantlet formation. 

Contrast. 

Base - midbase 

Base - midtip 

Base - tip 

variance ratio. 

107,95 

285,70 

351,52 

** 
** 
** 

** Highly significant result~ Reject H0 at p = 0,01. 

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 +/- 0,23 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, indi vidua.l values of y will 

vary about the regression line with an estimated standard 

deviation (&y.x> of 0,92. 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 (~y.x) is indicated in Table 9. 

Table 9. Linear regression showing the rate of plantlet in

itiation at various sites on Ornithogalum 'Rollow' 

leaves, and the variance (&~), slope and inter

cept for the lines. 

_____,.__ _________________________________ _ 
Position P.y.x 

- -·-- --~ --·~------·-·-·---- - ---- ·-- --·-- -- -- ,. ____ 

Base y = -2,42 +l,569x 0,874 

Midbase y = -0,969+0,906x 0,512 

Midtip y = -l,231+0,635x 0,282 

Tip y = -l,412+0,568x 0,223 

95% c.l. for 

intercept. 

-2,42 +/-0,221 

-0,969+/-0,129 

-l,231+/-0,071 

-l,412+/-0,058 

95% c.l.for 

slope. 

l,569+/-1,782 

0,906+/-1,003 

0,635+/-0,574 

0,568+/-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 10). 

Table 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 :t'atio. 

---- --~-------------------------

Experimental mean 

Explant site 

Culture period 

Interaction: Explant site x culture 

period 

** 
* 

Highly significant result; 

Significant result 

195,04 ** 
10,10 ** 
6,68 ** 

* 2,23 

Reject H0 at p = 0,01 

Reject H0 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 

Midtip 

Tip 

Midbase 

Base 

Mean. 

34,34 % 

41,40 % 

62,40 % 

92,92 % 

L.S.D. = 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 in 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 Ornithogalum 'Rollo~• ex

plants taken from different sites on the leaves 

in vitro (as a perce~tage)~ ____ _ 

Culture period Mean rate of fresh mass accumulation 
-- -·-------

4 - 8 weeks 43,56 % 

8 - 12 weeks 59,34 % 

12 - 16 weeks 70,39 % 

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 occur, it is possible to calculate the 

relative time dependence of these two growth parameters, 

as:-

tan ~ = m, where mis 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. 

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, 1960). 

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 
vitro. 

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 1,0 x 1,0 cm Or

nithogalum 'Rollow' leaf base explants were compared. 

Horizontally orientated explants were 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 Qf the ex

plant initially and at four week intervals for twelve 

weeks. The absolute growth rate (G) was determined as the 

difference between 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 between the treatment means where 

these occurred. 

3.3.2. 

3.3.2.1. 

Results. 

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 orientatjon 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 275.53 140,42 157.06 
** ** Orientation 20.65 13.16 2.49 
** ** ** Time 101.24 51.26 44.83 

Interaction, 
** ** Orientation X time 6.62 4.25 1.39 

** Highly significant Reject Ho result . at p = 0,01. I 

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. 



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

54 

Table 14. Results of a multiple comparison test showing the 

effects of different explant orientations on 

plantlet init~ation in vitro for two Ornithogalum 

'Rollow' plants. 

Plant 1 Plant 2-

Orientation number of mean number of mean 

replicates replicates 

Vertical, apolar 

Vertical, polar 

Horizontal, abaxial 

epidermis uppermost 

Horizontal, adaxial 

epidermis uppermost 

16 

17 

22 

6,49 

19,25 

18,30 

9 4,6 

11 18,4 

34 17,92 

NOTE 1: 

NOTE 2: 

L. S. D. ( least significant difference) for plant 

1: varied between 11,76 and 12,68 depending on 

the sample sizes being compared. 

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 in 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 

ornithogalum 'Rollow' explants .in vitro. 
--------·----·----·- ------·-- ----------- ------------

Source of variation Variance ratio. 

------------ ·-

** Mean 534,32 

Orientation 12,58 ** 
** Time 319,0 

Interaction of Orientation X Time 14,0 ** 

** : Highly significant result; Reject H0 at p = 0,01 

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 Ornithogalum 'Rollow' explants in vitro 

on fresh mass accumulation. 

Orientation. Number of replicates 

Vertical, apolar 27 

Vertical, polar 48 

Horizontal, abaxial 

epidermis uppermost 32 

Horizontal, adaxial 

epidermis uppermost 35 

Meon mass (g) 

0,11 

0,21 

0,23 

0,27 

L.S.D. values vary, depending on the number of replicates 

between 0,11 and 0,13 g. 

Vertical, apolar orientation of explants on the nutrient 

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 

0 r n i tho 9 a 1 um ' Ro 11 ow I for var i o us exp 1 an t 

orientations. 

Orientation. 

Vertical,apolar 

Vertical,polar 

Horizontal, abaxial 

epidermis uppermost 

Horizontal, adaxial 

epidermis uppermost 

L.S.D. = 0,16 g. 

3.3.3. Summary of results. 

Length of 

4 weeks 

0,05 g 

0,07 g 

0,10 g 

0,10 g 

culture period 

8 weeks -12 weeks 

0,08 g 0,21 g 

0,22 g 0,53 g 

0,19 g 0,41 g 

0,17 g 0,36 g 

The donor plant determined the effect explant orienta

tion had on plantlet initiation and the resultant rate 

of fresh mass accumulation in vitro. 

3.3.4. 

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. 

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 in 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. 

auxin within plant tissues in 

The polar transport of 

vitro ( Pi 1 et, 196 8; 

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, 1980b). 

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 hound 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 

10-6M. Nel's {1981) medium contains 5,37 x 10-7M 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 hy 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 

feet of reduced oxygen tensions in embedded tissue on 

growth. The effect of anaerobic 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 aaver.sely affected growth, polar vertical 

orientations did not. 

It is not known why explant orient.at.ions affected plants 

differently. Rohh (1957) working on Lilium speciosum 

observed that the auxin requirement. for plantlet. initiation 

on explants varied, dependiny on the st.age 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 ~iven 

orientation. In addition, Saltveit. & Dilley (1978) found 

that ethylene synthesis in response to auxin only occur.red 

in mer.isternatic, hut not in fully differentiated tissues. 

Section 4. The influence of wounding, a mechanical 

stress, on plant.let. regeneration from OL

nitho9alurn'Rollow' explant.s in vitro. 

Introduction. 

Van Aartr.ijk & Blom-Barnhoorn (1983) reported that addi

tional wounding to Lilium speciosum explants increased the 

incidence of plantlet formation on hulh scale explants. 

Wounding is known to stimulate certain growth processes 

(Abeles, 1973). The first record of plant wounding is a 

frieze, which dates from 1100 B.C. of Egyptians gashing 

sycamore figs to stimulate ripening. 

Wounding is a simple technique to implement, and the 

plant.lets which result are formed with the minimum use of 



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

63 

synthetic agents. Hhe re increases in the numher of 

plantlets per explant are found in response to wounding 

these must he offset against additional lahour involved and 

possible increases in contamination rates which result from 

increased handling of the explants. 

Explants 1,0 x 1,0 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 0,1 mg.dm- 3 NAA and 2,0 

mg.dm- 3 BAP was used in this experiment. The duration of 

the culture period was 12 weeks. The ahsolute 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 t-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 ~nithogalurn 

'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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Tahle 18. Results oft-tests to determine the effect of ad

ditional wounding to the Ornithogalum 'Rollow' 

explants on plantlet initiation on explants .in 
vitro. 

Mean number of plant.lets 

'l' ime (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 
* b -5,31 8,51 19,53 
* 7 -4,83 11,07 23,40 
* 8 -4,43 13,40 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 H0 at -2>t>2 

* Significant result, prohahility = 0,05. 
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Figure 7 • The rate of plantlct initiation 1.!:!. vitro on woun<le<l explants 
ar~d. unwounded con-bro ls of Orni thoga 1 um 'Ho 11 ow' • Wounde·d 

explants ( x ); unwounded cxplants ( • ). 
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3.4.2.2. The effect of additional wounding to the ornithogalurn 

'Rollow' explants on the fresh mass accumulation rate 

.in vitro. 

Initially, (during the first eiyht weeks in culture) wound

ing had no significant effect on the rate of fresh mass ac

cumulation in 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 ~ccumulation of biomass by 

the developing plantlets, which were more prevalent on the 

unwounded, control explants. 

Tahle 19. Results oft-Test showing the effect of wounding 

on the growth rate of ornithogalum 'Rollow' in 
vitro. 

--------------·--·------------ -------------

Time (weeks) 4 8 12 

statistic (t) -2,27 * Test 1,12 -0,10 

Mean fresh mass of 

wounded explants 0,10 0,15 0,24 

Mean fresh mass of 

unwounded explants 0,09 0,15 0,33 

* 

3.4.3. 

Significant result i Reject Ho at p = 0,05. 

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 

unaf fecr.ed. 

After. twelve weeks in culture, the absolute growth 

rate of wounded explants was lower than that of un-

wounded controls. Accumulation of hiomass hy dif-
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ferentiating plantlets was responsible for this 

difference. 

Discussion. 

Stimulation of plantlet initiation in response to wounding 

is extensively reported in the literature; in Ornithogalurn 

thyrsoides (llussey, 1976), Liliurn speciosum (van Aartrijk & 

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

and Populus (Douglas, 1985). 

In this experiment, additional wounding to Ornithogalurn 

Rollow explants was found to reduce the incidence of 

plantlets. The accumulation of biomass hy additionally 

wounded explants was also reduced, as the greatest in

creases resulted from plantlet oeveloprnent subsequent to 

differentiation. 

~vounding results in a hiphasic increase in dark respiration 

which was proportional to the wound area hut 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 II respiration. The magnitude of this 

response hears no relationship to the number of plantlets 

induced ( Brown & Thorpe, 1980 h) . The II induced" or 

"developed" respiration occurs after 1 - 2 hours and may 

last several days (Macnicol, 1976). 

The consistent increase in respiration rates associated 

with wounding implies metabolic control. The magnitude of 

the induced respiration depends on RNA and protein syn

thesis (Macnicol, 1976). 

The stimulatory effect of wounding on plantlet initiation 

is prohahly linked to the high energy and reducing power 

reyuirernents of this process. As a result of wounding, 

there is increased citric acid cycle, pentose phosphate 
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pathway and ylycolytic activity (Macnicol, 1976). The 

levels of A'l1 P 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 is determined by the explants ahility to 

recover from membrane damage (van Aartrijk, Blom-Barnhoorn 

& Bruinsma, 1985 b). The wound effect extends 2 - 5 mm 

from the cut surface (van Aartrijk & Blom-Barnhoorn, 1983). 

Free radical mediated peroxidation of fatty acids in the 

wound-damaged membranes results in ethane (c2u6 ) 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 - l - 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 -

arninocyclopropane - 1 - carhoxylic acid (ACC) ➔ 

ethylene (c2H4 ) 

is inhibited by wounding, as the enzyme ACC synthase, 

responsible for the conversion of ACC to ethylene, is 

membrane bound. ACC accumulates in the tissues, acting as 

a free radical scavenger, inhibiting further peroxidation 

of fatty acids in the memhrane and helping to re-establish 

membrane integrity (van Aartrijk, Blom-Barnhoorn & 

Bruinsma, 1985 a & h). 
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Once membrane integrity is re-estahlished, ethylene is 

synthesized. By competing allosterically with auxin for 

membrane bound transport sites (Goldsmith, 1977), ethylene 

may affect auxin distribution within explants and thus 

their organogenic ability. 

Macnicol (1976) observed an inverse relationship between 

energy charge and distance from the wour.j surface. The 

decreased organogenic ability of Ornithogalum 'Rollow' ex

plants in response to additional wounding was probably a 

consequence of the energy required to restore membrane 

integrity. 

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 its 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 1,0 x 1,0 cm; 1,0 x 0,5 

cm and 0,5 x 0,5 cm in 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 thi~ s·tudy. Twenty-one replicates of each explant size 

for each plant were used.. The explants were cultured on 

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

mg.dm- 3 BAP for 16 weeks. Explants were orientated 

horizontally on the medium with their ahaxial surface in 

contact with the medium. At four week intervals, fresh 

mass was determined. The number of plantlets per explant 

was determined at weekly intervals. Missing values in the 

data as a result of contamination ind test tuhe breakage 

were estimated using BMDP's AM programme. Analyses of 

variance for fresh mass data were made using progranune 2V. 

Chi squared tests were used to ~~sess the impact of dif

ferent variahles on the treatment effect. 

3.5.2. Results. 

3.5.2.1. The effect of explant size on plantlet initiation 

in vitro. 

Chi squared tests carried out on the data showed that the 

size of the explant significantly affected the incidence of 

plantlets (Tahle 20). 
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Tahle 20. Results of a Chi squared analysis of the in

cidence of plantlets on explants during the cul

ture period. 

Time (weeks). Explant size comparisons (cm). 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

* 

l,0xl,0/l,0x0,5 l,0xl,0/0,5x0,5 l,0x0,5/0,5x0,5 

19,68* 3.·., 85 * 21,74* 

19,06* 18,41* 72,84* 

61,84* 22,39* 49,06* 

74,37* 20.09* 53,90* 

68,ss* 12,06* 59,50* 

119,44* 36,22* 70,28* 

* * * 122,87 42,69 89,81 
* * 82,48* 118,15 41,26 
* * * 169,37 72,81 105,12 

* * 95,27* 198,39 123,43 
* * * 247,09 110,02 92,36 
* * * 241,88 107,51 83,39 
* 130,09* 118,32* 239,22 

Significant result; Reject Ho at p = 0,05. 

. -----·--------- --·-. ·--- ---

It was hypothesized that the product.ion of plantlets t>y ex-

plants was proportional to the wound surface on the 

explant. The plantlet production was made cornparat>le hy 

weighting t.he 1,0 x 1,0, 1,0 x 0,5 and 0,5 x 0,5 cm ex

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

to determine whether IJlantlets were formed in as

sociation with wound surfaces on Ornithoyalurn 

'Rollow' explants. 

Source of Variation. Variance Ratio. 

---------------------------
Donor Plant 14,17* 

0,48 

1,58 

22,93** 
** 

Explant size (weighted) 

Interaction of Donor Plant x Explant Size 

Culture Period 

Interaction of Donor Plant x Culture Period 

Interaction of Explant size x Culture Period 

Interaction of Donor Plant x Explant size x 

10,55 

0,65 

Culture Period l, 39 ** 
-------· ---------- --·- -----·--- ----------------------------

** 
* 

Hiyhly significant result; 

Significant result; 

Reject H0 at p = 0,01. 

Reject tt0 at p = 0,05 

The analysis of variance results showed that plantlets dif

ferentiated in association with wound surfaces on the ex

plants and that the numher 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 (Tahle 21) the 

anova was repeated (Tahle 22). 'rhe donor plants were con

sidered separately hecause they differed significantly in 

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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'f<":.~le 22. ReEults 1.;f para:;,et ric a;.d ,, 01:- pa 1·a:::e tr i c a LC. \"8S for eac;1 time i:.ten·a J to 't:~termi1e ,.,;ether, in ----
t e I ~lS cf the J·.ypot he" is, for the three dc,nor pla,d s used in this experir.,e1,t plar,tlet initiation 
lS lle te r:n11~e a ;:,y 1.he ,,oui·,ct ~ u 1· t'a c e en the 0r:n th.21:ra I um •RoIIo...-' e~pia1:t. 

Tir.-.e ( ,,Ee e!,s) 4 

D0:.\"0R PLA~T l. 
..\:.alysis of 
yariance. 
Size of explant 0,35 

Ec..:alitv of i:iC-3TJ.S test: 

\'2lch 0,33 

Jro·.; r.-Forsyt he 0,37 

Lever.e's test 0,65 
for ec.t1 ali ty of 
yariancc. 

no;;oR PLAn 2. 
Analysis of 
,-ar1ance. 
Size cf explant 2 ,--i9 

Eguali tv of r.-.ea1:s testj 

\'elch 0,90 
Bro1.1~-Forsyt.he 2,42 

---* Leve1Je's test 10,63 
for equality of 
variance. 

D0:\"0R PLAU 3. 
Analvsis of 
variance. 
Size of explant 1, 5 5 
Eciualitv of ~1ea11s test: 

We1 ch 0,25 

Bro,,:1-Fors;yt he 1,97 

LeYe1:e' s te~t 8773 
for 0q_i:ality of 
y?.ri:1.r.C'e. 

** 

5 6 7 s 9 

0,89 0,91 0,65 0,.:35 0,95 
variances are a E su.:1ed EC1Ua 1. 

0,88 1,05 0,78 1,00 1,20 

0,91 0,81 0, 57 0,73 0.81 
-it-

0,92 2, ·17 2,53 2,62 3,95 

* 1,76 3, 3-l 3,07 2,50 3,37 
,-ariar.ces are assu~:ed eriua 1. 

1,10 2,84 3, 11 3,31 3,35 
1,72 3,27 3,01 ~!47 3,30 
....... --'-* ~* ~* 
5,67 23, 57 16,93 13 ,66 13 ,09 

2,19 2,16 2,30 2,23 2,05 
vari.ar.ces arc a;,, E u::ie d egua l. 

0,77 0,6-1- 0,73 0,81 0 ,95 

3, 11 2,96 3, 19 3, 21 3,G9 
. 127::2 12: 69 147-1-9 13:56 10:59 

resul r_ si\JI1if 1.cant_ 

6.l·;___J11ii1.cu.r1t. result. 

10 11 ]2 13 14 15 

1,10 0,89 0,93 1,10 1,55 1,37 

1,33 1, 13 1,20 1,36 1,93 1,59 

0,94 0176 0,79 0 i93 1,31 1,18 
* * * * 3,89 -l-, 19 4,39 5,36 5,38 -1 ,44 

* * * * 3 ,17 2 ,')5 3 ,-10 4,10 4,90 1, 65 

3,01 2,39 2,34 2 ,40 2 ,86 3,05 
3,12 2,90 3,34 * * * 4,01 4,79 4,56 ...... 

8:86 
...... ** ** ** 11,50 11,62 14,38 20,32 19,01 

1,75 l,~0 1 ,-10 1,35 1,56 1,63 

0 ,(,6 0,5~ 0,65 l,~l 1,93 2,04 

2,57 2,65 2,19 2, 11 2 ,-10 2,--16 
,. "' ...... 

5734 ** +* 
~' JO S,81 5,56 6,77 7, 11 

= 

keject_ u0 at p = 0,05. 

16 

0,70 

0,84 

o, 59 
* 5,10 

* 4,82 

2,90 
* 4,72 

"* 18, 50 

1,62 

2,02 

2,47 
** 7,23 
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'l1he results of the var. iance analyses ( Table 22) support the 

hypothesis that the nun~er of µlantlets formed is deter-

mined by the wound surface area on the explant. Overt.he 

rauye of explant sizes tested in the experiment, no decline 

int.he ability of explants to form plant.lets was observed 

usiny smaller explants (Tables 21 and 22). 

3.5.2.2. The effect of explant size on fresh mass accumulation 

i.n vitro. 

The number of plantlets initiated on a given wound surface 

area was constant, regardless of explant size. If it can 

he assumed that fresh mass is accumulated by explants as a 

result of plant.let formation, then explant fresh mass will 

he ~roportional to the cut surface on the explant at any 

given time. If this hypothesis is correct, then hy 

weiyhtiny l,U x 1,0 cm explants hy a factor of one, 1,0 x 

U,5 cm explants hy a factor of one and a third, and 0,5 x 

0, 5 c11, explants by a factor of two, the different sized ex

plan ts could he compared on the basis of wound surface 

area. 

To test this hypothesis, the data was weighted hy 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 0 , 25 • 
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'!'able 23. Results of within-factor analysis of variance on 

transformed (y'4 125 ) fresh mass data weighted on 

the oasis of wound surface area on the QL:

nithoyalum 'Rollow' explants. 

Source of Variation. Variance Ratio. 

Donor Pl~nt 16,578** 

Size of Explant 5,623 ** 

Interaction: Donor Plant x size of 

Explant 

Culture Period 

Interactions: Donor Plant x Culture 

Period. 

Explant size x Culture 

Period. 

Donor Plant x Explant 

size x Culture Period. 

2,797* 

14,581** 

* 2,558 

* 1,852 

** : Highly significant result: Reject u0 at p = 0,iol. 

* Significant result Reject tt0 at p = 0,05. 

Although all explants were expected to accumulate fresh 

mass at the same rate hased on the wound surface area, as a 

result of plantlet differentiation, this did not occur 

('rahle 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 hetween the 

means of the trans formed data. 'I1he weighted means are 

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

surface area for comparison purposes, showing the 

factors affecting the rate of fresh mass ac

cumulation hy Ornithogalurn 'Rollow' explants. 

---------------------------. --------·--·-·------ ···-----

Donor 

Plant 

l 

Culture 

period 

·.months) 

1 

2 

3 

4 

Mean fresh mass: 

2 1 

2 

3 

4 

Mean fresh mass: 

3 1 

2 

3 

4 

Mean fresh mass: 

Mean mass 1 

of donor 2 

plants. 3 

4 

Mean fresh mass 

of donor plants. 

l,0xl,0 

0,130 

0,160 

0,166 

0,184 

0,160 

0,095 

0,126 

0,143 

0,187 

0,138 

0, 07lc1 

0,095 

0,096 

0,109 

0,092 

0,098 

0,127 

0,135 

0,160 

0,130 

Explant size (cm) 

l,0x0,5 

0,119 

I0,168 

0,201 

0,255 

0,186 

0,062 

0,070 

0,064 

0,070 

0,066 

0,088 

0,114 

0,110 

0,135 

0,112 

0,090 

0,117 

0,125 

0,153 

0, 121 

0,5x0,5 

0,128 

0,158 

0,170 

0,214 

0,167 

0,072 

0,063 

0,038 

0,059 

0,058 

0,081 

0,079 

0,080 

0,070 

0,077 

0,093 

0,HW 

0,096 

0,114 

0,101 

Mean fresh 

mass 

0,126 

~,162 

0,178 

kJ,218 

0,171 

0,076 

0,086 

0,082 

0, 106 

0,088 

0,079 

0,096 

0,095 

0,104 

0,094 

0,094 

0,115 

0,119 

0,143 

0,117 
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The rate of fresh mass accumulation hy the explants dif

fered according to the donor plant. Fresh mass data for 

plant l and plant 3 supported the hypothesis (p = 0,05), 

while fresh mass data for plant 2 did not (Table 25). In 

t.he case of plant 2, the 1,0 x 1,0 cm explants accumulated 

more fresh mass relative to the other explant sizes than 

expected under the hypothesis. 

During the first month in culture, the accumulation of 

fresh mass attrihut~~ie to plantlet initiation was similar 

for all explant sizes (p > 0,05). For 1,0 x 1,0 cm 

explants, the most significant increase in the mass of 

plant.lets was observed after two months in culture (p = 

0, kH) • On the 1, 0 x 0, 5 cm explants, the most significant 
I 

increase in the mass of plant.lets was observed at four 

months in culture (p = 0,05). No significant increase in 

the mass of plant.lets on 0,5 x 0,5 cm explants was ohserved 

duriny the four month culture IJeriod (p > 0,05). 

'l'he mean mass of IJlantlets initiated on different sized ex

plants was compared (Tahle 25). Initially it was found 

that plantlets initiated on 1,0 x 1,0 cm explants weighed 

more than those initiated on smaller explants (Tahle 25) • 

However, after four months in culture, plant.let mass was 

the same, regardless of the initial size of the explant 

(Tahle 25). 
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Tahle 25. The mean mass (in grams) of plantlets on dif

ferent sized explants at one month intervals 

during the culture period. 

Culture Period 

(months) l,0xl,0 

Size of explant (cm) 

l,0x0,5 0,5x0,5 

1 

2 

3 

4 

3.5.3. 

0,093 0,051 0,087 

• 0,034 0,016 0,023 

0,027 0,015 0,013 

0,020 0,020 0,020 

Summar"i.. of Results. 

Donor plants differed in ahility to differentiate 

plantlets and the rate at which they accumulated fresh 

mass. 

Plantlets differentiated on the cut (wound) surface on 

explants. 

'l'he smaller the explant, the more economical its use 

for regeneratiny plantlets. 

The laryer the explant, the larger the initial mass of 

the plantlets regenerated. 

After 16 weeks in culture, the mass of plantlets was 

unaffected hy the size of the explant from which they 

were derived. 
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3.5.4. Discussion. 

Changes in tissue metaholism in response tu wounding are 

similar to those following the induction of oryanogenesis 

in tissues. Cytochemical investigations hy 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 suhadjacent tissue hy 

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 

suhstances, chiefly ascorbic acid and 

peroxidases. 

In response to wounding, Macnicol (1976) observed similar 

metabolic changes. A rise in the respiration rate 

(induceo 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 glycolytic cycle, 

tricarhoxylic 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 Douglas (1985) 

report an interaction between explant size and 

productivity: the incidence of plantlets on explants rose 
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with <lecreasiny explant size up to some minimum explan1". 

size, after which it decreased once again. This effect 

was attrihuted to the wound res!Jonse 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 proh

ahly 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. Accordiny 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 in 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 ring, 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 !Jlantlets 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, 0, 5 x 0, 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 he observed between the mass of plantlets 

derived from different sized explants. 
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CIIAP'l'ER 4. 

THE EF.FEC'r OF PHY'l'OHORMONONES ON ORGANOGt;NESIS IN ORNITHOGALUM 

LEAF EXPLANTS IN VITRO. 

4.1 Introduction. 

Oryanogenesis comprises cytodifferentiation and 

morphogenesis. Cytodi f ferentia tion refers to the de

differentiation of a cell and the formation, hy means of 

cell division, of a cluster of cells in close contact, 

usually confined within the old cell wall, which are com

petent to he 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 group of genetic factors wl1ich produce proteins respon

sible for differentiation {Thimann, 1977). 

Gene expression, or protein synthesis, has heen shown to he 

regulated hy plant growth regulators at hoth the transcrip

tional and translational levels {Moore, 1979). 

It is the balanced interaction of hormones which is respon

sible for organogenesis (Thirnann, 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) an<l their interaction 

on in vitro plantlet. initiation and the related rate of 

fresh mass accumulation by Ornithogalum 'Rollow' and or

nithogalum maculatum leaf explants in vitro. 

Explants, l,U x 1,0 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 (0,0; 0,1; 1,0; 2,0 mg.dm- 3 NAA) were combined 

with four different cytokinin concentrations (0,0; 1,0; 2,0; 

4,0 my.dm- 3 BAP) to yield a total of 16 different hormone 

combinations. 

(Ornithogalum 

The explants were cultured for 16 ~eeks 

'Rollow') and 12 weeks (Ornithogalum 

maculaturn) 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. Data on the number of plantlets in-

i tia ted by explan ts in response to the phytohormone con

centration in the medium was obtained from 248 Ornithogalurn 

'Rollow' and 204 ornithogalum maculatum explants. Fresh 

mass data was obtained from 264 Ornithogalum 'Rollow' ex

plants and from 228 Ornithogalum rnaculatum 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 is regarded as a single variable with fourteen 

different levels. To assess the effects of various 

p h y to hormone combinations on the rate of plant let 

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 rat:e of plant.let 

initiation relative to the experiment.al mean. 

"4. 2 RESUL'rs. 

4.2.1 The influence of phytohormones on .i.Q vitro plantlet 

initiation by ornithogalum 'Rollow' and Ornithogalum 

maculat:um explants. 

of the two Ornithoyalurns tested, only Ornithogalum 'Rollow' 

explants initiated plant.lets in vitro. The phytohormone 

levels in the medium were found to significantly affect 

plant.let initiation on Ornithogalum 'Rollow' explants (Table 

26). 

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

fluence of phytohormones on plant.let initiation hy 

ornithogalum 'Rollow'. 

Source of Variation. variance ratio. 

-- --- - ----•-

** Experimental mean 796,67 
** BAP 6,44 
** 

NAA 3,76 
** Interaction: BAP X NAA 5,01 

TimeT ** 475,75 
** Interaction: 11 ime X BAP 5,83 
** Time X NAA 2,72 
** rrime X BAP X NAA 5,01 

T Time is regarded as a single varia6le, with fourteen 

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

Figure (8) shows linear regressions of the effect of a given 

phytohormone comhination on the rate of plant.let initiation 

over time. For comparisons, the angles of incidence (IA) of 
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the regressions were calculated. 

more successful the treatment. 

The larger the angle, the 

The performance of all 

treatments was assessed relative to the experimental mean 

< o< = 66, nP) . 

'11 he optimal NAA concentration for plantlet initiation ap

pears to he 0, 1 mg .dm- 3 irrespective of the BAP · concentra-

tion ( as suygested hy Nel, 1981). The optimal BAP con-

cenr.ration irrespective of the NAA concentration in the 

medium lay between 1,0 - 2,0 mg.dm- 3 BAP. 
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Figure 8. Linear regression sl-iowin3 the effect of t~e phyrohormone concentration 

an<l the len'5th of the culture perio<l on plantlet initiation in vitro 
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BAP concent-.rations of 4, 0 mg .dm- 3 appeared supra-optimal, 

inhibiting in vitro plantlet initiation. An interaction 

between the concentrations of NAA and BAP in the nutrient 

medium occurred (Figure 8). The following relationship he-

tween phytohormone concentrations was apparent:-

Cytokinin concentration. 

0,0 mg.dm- 3 BAP 

1,0 mg.dm- 3 BAP 

2,U mg.drn- 3 13AP 

4,0 mg.dm- 3 BAP 

-
Optimal auxin concentration. 

1,0-2,0 mg.dm- 3 NAA 

0,1-2,0 mg.dm- 3 NAA 

0,0-1,0 mg.dm- 3 NAA 

supra optimal cytokinin 

concentration. 

'11 he strong time dependence of plantlet initiation is 

stressed hy the linear relationshi~ 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. 

Bult> development on the explants was inhihi ted by BAP, hut 

multiple shoot formation by plantlets at concentrations of 

BAP below 4, 0 mg .drn-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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The effect of phytohormones and their interaction 

on plantlet formation on Ornithogalum 'Rollow' ex

plants in vitro. {Phytohormone concentration 
expressed in rng.dm-3.) 
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1~he influence of phyt:ohormones on the rate of fresh 

mass accumulation t1y Ornithoqalum 'kollow' and Q..r

nitho9alum maculatum in vitro. 

'l'he phytohormone concentrations, both alone (Ornithoyalum 

' Ro l l ow ' rr a b l e 2 7 ) a n d th r o u g h t h e i r i n·t e r a c t ion 

(Ornithogalum 'Rollow' and Ornithogalum maculatum Table 27) 

determine the fresh mass of the explant. In Ornithogalum 

'Rollow' where plantlet differentiation occurred on the 

explant, the rate of plantlet ini.tiation and thus fresh mass 

a cc um u lat ion was a 1 so inf 1 u enc ed by the in vitro 

phytohormones. 

Table 27. Analysis of variance showing the effect of phyto 

hormones and the culture period on fresh mass ac

cumulation by Ornitho9alum 'Rollow' and QL

nithogalum maculatum explants in. vitro, 

Source of variation. Variance ratio. 

Ornithogalum Ornithogalum 

'Rollow' maculatum 

** ** Experimental mean 730,70 867,56 
** BAP 6,95 
** NAA 5,28 

** ** Interaction: BAP X NAA 1,57 2,45 

** 'rime 266,61 1,52 
** Interaction: BAP X Time 7,54 
** NAA X Time 4,09 
** BAP X NAA X Time 1, 68 0,75 

** Highly significant result: reject Ho at p = 0,01 
* Significant result: reject Ho at p = 0,05. 



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

C; 
E 

0 

1,0 0,59 ± 0,43 

----------

C"'Y E 0, 5 
0 

N 

"' 

,::::c: 

IE 0,48 ± 0,43** 
"C"' 1,0 
C': 
E 

:;o~ 
~~.___...____,~____. __ _ 
~ 

l, 0 

4 8 12 16 4 

89 

2,0 111g.d111- 1 
X :RAP 

0,25 ± 0,43 

------
7 
7 

O,Ld ± 0,/~3 

r◄:xperir'iental } 

-~ ~ 
12 16 4 8 12 16 4 8 12 16 4 8 12 

TIME (WEEKS) • 

}'igure JO. T:1c cff'ec L of phyL0~10r:11ones on the fresh mass accu:11ulation 

rat() 0 r Or . ' i (. 1 l O ga. l l) Ill I R. 0 1 l O"' l e X p 1 a. n ts ~ V i t, r O • 



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

90 

~resh mass accumulation by Ornithogalum 'Rollow' 

explants. 

The relationship between the rate uf fresh mass accumulation 

and time deviat~s from linearity (Figure 10). 'l'he resul-

tant asymptotic growth curves which cannot he trai::isformed to 

linear form, indicate that fresh mass accumulation hy ex

plants is a function of the linear dimensions of the explant 

and the initiated plant lets on r.he ex}-)lant. The rate of 

fresh mass accumulation was also _9etermined hy the phytohor.-

mones in the culture medium (Figure 10). From the graph 

(Figure 10) it appears that the concentration of NAA was op

timal between 0,1 and 1,0 mg.dm- 3 while the optimal BAP con

centration was between 1,0 and 2,0 rng.drn- 3 . Confidence 

limits for contrasts to determine the influence of interac

tions between the phytohormones in the culture medium were 

calculated (Fiyure 10). A positive value indicated that 

the treatment performed less well than the control ( a X = 

x control - x treatment). The following interaction he

tween the phytohormones was apparent:-

Cytokinin concentration. Optimal auxin concentration. 

0,0 mg.dm- 3 BAP 1,0 mg.dm- 3 NAA 

1,0 mg.dm- 3 BAP 0,0-1,0 rng.dm- 3 NAA 

2,0 mg.dm -3 BAP 0,0-1,0 rng.dm- 3 NAA 

4,0 mg.dm- 3 UAP U,l mg.dm- 3 NAA 

4.2.2.2 .Fresh mass accumulation by Ornithogalum maculatum 

explants. 

Ornithogalum maculatum explants failed to differentiate 

plantlets in vitro. Thus, after an initial response, no 

change in the response of explants to various comhinations 

of phytohormones could he 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 statistics were calculated to test whether results dif

fered significantly f ram the control ( Table 28). As no 

plantlet initiation occurred, a significant 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. 

'1, 0 mg.dm- 3 HAP 0,0-0,1 mg.dm- 3 NAA 

1, LJ mg.dm- 3 BAP 0,0-1,0 mg.dm- 3 NAA 

2,D mg.dm- 3 HAP 0,0-1,0 mg.drn- 3 NAA 

4,0 mg.drn- 3 BAP 0,0-1,0 mg.dm- 3 NAA 
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Tahle 28. •rest statistics to determine the ef feet of phyto

hormone combinations on fresh mass accumulation hy 

Qrnithogalum maculatum explants. 

NAA concentration. 

BAP 0 my.dm- 3 0,1 my.drn- 3 1 mg.dm- 3 2 mg.dm- 3 

concenr.ra tion 

mg.dm- 3 ** ** '1,~ 1,15 1,82 6,81 7,26 

mg.dm- 3 * 1,0 0,91 0,91 0,91 5,22 

mg.dm- 3 ControlT * 2,0 0,11 3,86 6,35 

mg.dm- 3 * ** ** 4,0 5,45 0,07 13,62 21,79 

T Nel's (1981) suygested phytohormone coruhination was taken 

as the control. 

NO'r B: To test the null hypothesis ( a~= O) the test 

statistic 

T = ss for contrasts 

MSE 

is referred to the F distrihution; where Tis the test 

statistic, and HSE is the mean square error. 

{'1 95 = 3, 89 
tJ, 

0,99 = 6,70 

Summary of Results. 

* 

** 

indicates a significant 

reduction.in fresh mass as 

compared to the control. 

indicates a highly 

significant reduction in 

fresh mass as compared to 

t.he control. 

Exogenous NAA and BAP applications are not essential 

for in vitro plantlet initiation on Ornithogalum 
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'Rollow' explants, nor. ar.e they capable of inducing or.

ganogenesis in Orni thoga lum macula turn explan ts which 

failed to differentiate plantlets in vitr.o. 

The optimum phytohormone concentration for. plantlet in

itiation and fresh mass accumulation by Ornithogalurn 

'Rollow' was determined by the interaction between the 

concentration of tne phytohorn~nes in the medium. In

c r e a s i ny B AP 1 eve 1 s r e s u l t ed in de c re a s i ng NA A 

requirements. 

The complexity of the explant resulted in non

homogenous responses to the exogenously applied 

phytohormones, as a result, dose-response relationships 

could not he established for the phytohormones tested. 

4.4 Discussion. 

Since the discovery that organogenesis can be manipulated by 

adjusting the auxin:cytokinin balance in the nutrient medium 

(Skoog & 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 0,1 mg.dm- 3 NAA and 2,0 

mg.dm- 3 BAP. In this experiment this phytohormone combina

tion was considered to be the control relative to which all 

other exogenous hormone combinations were judged. 

Plantlet initiation occurred on Ornithogalum 'Rollow' 

explants, but Ornithogalurn 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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anli Ornithoyalum maculatum explants was found to he deter

mined by the levels of other exogenous hormones in the 

explants' environment. \·-Jit.h increasing exogenous cytokinin 

concentrations, the optiraal exogenous auxin requirement for 

plant.let initiation decreased. At 0,0 mg.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 0, 0 - 1, 0 mg .dm- 3 NAA. A similar trend in 

the 1:Jhytohormone levels re4uired for fresh mass accumulation 

by these Ornithogalum 'Rollow' explants was ohserved. At 

0,0 mg.dm- 3 BAP the Oj?timal auxin concentration was 1,0 

mg • d m - 3 N AA w hi le at 4 , 0 mg • d m - 3 , 0 , 1 mg . dm - 3 NAA in the 

medium was o~timal. 

A clear interaction between auxin and cytokinin on fresh 

mass accumulation hy Ornithoyalum maculatum explants was not 

observed. The optimal auxin concentration at ~, fl and 4, 0 

mg.dm- 3 BAP was 0,1 mg.dm- 3 NAA. Bet.ween 1,0 and 2,0 

mg.dm- 3 BAP explants accumulated fresh mass over a range 

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

'fhe synthetic auxin, NAA, used in this experiment was chosen 

because:-

!). It is more stable than IAA, and media containing 

it may he stored for longer periods of time. 

2) . It is effective over a wider r<1nge of concentra

tions than most other auxins. 

In the absence of UAP, auxin appeared to stimulate or

ganogenesis (Figure 8); suppressing hulh development, shoot 

elongation and ultimately, root formation, with increasing 

concentrations (Figure 9). 

Hussey (1976) reports that the cytokinins, kinetin or BAP 

(0,12 - 2,0 mg.dm- 3 ) had no effect on plantlet initiation hy 

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 .UAP was not essential, concentrations net.ween 1, 0 -

2,0 mg.dm- 3 were optimal for organogenesis (Figure 8) and 

fresh mass accumulation (Figure 10) hy ornithogalum 

'Hollow'. Slightly higher concentrations (2,0 - 4,0 mg.dm 

- 3 ) stimulated fresh mass accumulation hy Ornithogalurn 

maculaturn explants. 

Explants from Ornithogalum 'Rollow', Ornithogalurn thyrsoides 

(Hussey, 197b) and Ornithogalurn conicum (Halahan, Galun & 

llalevy, 1965) have heen shown capable of differentiating 

plant.lets in vitro in the ahse11ce of exogenous 

phytohormones. Unlike Ornithogalum thyrsoides, Or-

n1.thoyalum 'Rollow' failed to differentiate plant.lets 

directly on the leaf bases in vivo. 

The absence of a requirement for exogenous phytohormones is 

termed hanituation, 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 phyt:ohorrnone levels. 

Two treatments are generally used to induce rooting in 

vitro. These treatments stimulate rooting during different 

.Phases of organogenesis (Let.ham, Goodwin & Higgins, 1978) . 

. firstly, roots are induced on media with equimolar con-

cent rations of auxin and c y t: o k i 11 in • H.eports on 

monocotyledonous cultures indicate that auxin alone may he 

rhizogenic another indication of the cytokinin autonomy 

of these plants (Let.ham, Goodwin & Higgins, 1978). This 

treatment may stimulate cytodifferentiation· (primordium 

development) in the presence of sufficient levels of auxin 

for suhseyuent root formation (Letham, Goodwin & Higgins, 

1978). ~vi thdrawal of cytokinin and/ or auxin from the 

medium may counteract the effect of suppression of root 

development hy exogenous hormones in the culture medium 
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(Letliam, Goodwin & tiigyins, 197U) Hussey (1976) 

report.ed a stimulatory ef feet of IAA and an inhihi tory ef

fect. of NAA on rootiny in Ornit.hogalum thyrsoides. 'l'he 

second method for inciuciny root formation, used hy Nel 

(1981) is the omission of phytohormones from the nutrient 

medium (Let.ham, Goodwin & Higgins, 1978). No direct. root-

ing of the explant occurred on Ornithogalum 'Rollow' ex

pl an ts as observed on urni thogal um thyrsoides explant s 

(Hussey, 1976). Root.s 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 he involved, as well as genetic factors 

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

hussey (1975) found it impossible to predict the in vitro 

response of members of the monocotyledonous families 

Arnaryllidaceae, 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 organogenesis. 

The physiological state of the donor plant and its nutri

tional and environmental conditioning are important. In 

addition, when explant material is selected, the following 

characteristics of the donor material must he considered 

(Tran, 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 he overcome hy 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 rnay achieve success. However, 

it does not promote the understanding of the processes con

trolling organoyenesis. 

The regulation of organogenesis hy horrnones•is little 

understood. One of the prohlems involved in understanding 

the mechanism of organogenetic differentiation is the 

limitations which are imposed hy 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 is necessary for controlling organogenesis) it is es

sential to simplify the experimental system or explant. 

'l'he target cells involved in morphogenesis must he removed 

from the heterogeneous mass of cells which constitute the 

exp la n t organ { Tran rr ha n h Van , l 9 8 1 ) . 'I' ran 'l' ha n h Van 

(1981) suggests the use of sinyle homogenous layers of 

tissue on which uniform responses to various stimuli can he 

obtained. A drawback of this technique is the reduction in 

viability which often occurs in small explants. However, 

this can he overcome in many instances by culturing several 

small explants together (Seabrook, 1980). 
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CHAP'rER 5. 

THE EFFECT OF CAHBOHYDRATES IN VITRO ON THE GRm·JTH YIELD OF 

ORNITHOGALUH 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 hut sparingly utilised for growth 

(Naretzki, Thom & Nickell, 1974) were added to Nel's (1981) 

medium containing 0,1 mg.dm- 3 NAA and 2,0 mg.dm- 3 BAP to 

give a total carhohydrate concentration not in excess of 80 

g.dm -3 as follows:-

L11iannose 

(g.dm-J) 

0 10 30 50 70 

sucrose 0 X X X X X 

(g.dm-3 ) 10 X X X X X 

30 X X X X 

50 X X X 

70 X X 

The purpose of the experiment was to determine to what ex

tent the osmotic contrihution of carhohydrates to the medium 

stimulated growth. The response of two Ornithogalums, the 

species maculatum, and the cultivar'Rollow' were tested. 

Mannose was used in preference to mannitol, as Maene & 

Dehergh (1985) showed that mannitol was toxic at concentra

tions greater than 20 g.drn- 3 

Leaf hase explants were supported on filter paper hridges to 

eliminate the osmotic effect of agar in the nutrient medium 

(Reinert & Yeoman, 1982). The osmotic potential of the 

nutrient medium was determi~c~ initially, together with the 

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

hundrea and eighty-seven Ornithoyalum 'Hollow' and fift.y

eiyht Ornit.hogalum maculatum explants were used for. t-.his 

experiment. 

Dry masses were determined according to the microwave drying 

technique of Ferreira ( 19~2), and the water. content of the 

explants WdS derived from the data according to Noggle & 

Fritz ( 19 76) • 

In the second experiment, sucrose at:- 0: 10; 20; 30; 40; 

50; 60; 70; 80; 90; 100 g.dm- 3 was added to Nel's (1981) 

medium solidified with 6 g.drn- 3 agar. Phyt.ohor.mones, which 

are known to interact with carbohydrates in the nutrient. 

medium were omitted from the medium 

1977). 

(Tran Thann Van, 

Leaf base explants, l, 0 x 1, 0 cm in size were used. Ex

plant fresh mass was determined initially and together with 

the incidence of plant.lets at four week intervals for six-

teen weeks. 

experiment.. 

'l'wo hundred exp la n ts we re involved in t. his 

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 plant.lets under the experimental 

conditions, only the response of the cultivar 'Hollow' was 

tested. 

The eftect of the various sucrose concentrations on the 

resultant plant.lets was assessed in terms of shoot length 

and root formation. 

The treatments in the different experiments comprised twenty 

replicates. The normality of the <listrihution was checked 

using BMDP5D (Dixon, 1985) and anovas were produced using 
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Lfr1DP2V (Dixon, 1985). ~Jhere witnin-t.reatment variance was 

uniform, contrasts were used. To ensure the stated con-

fidence limits on ad hoc contrasts ( used to generate 

hy,E->otheses), the Scheffe procedure (Brown & Hollander, 1977) 

was used. ~✓ here within-treatment variance differed 

significantly, pairwise t-tests (based on separate sample 

variances) were used to assess the significai1ce of the 

results. 

Results. 

The effect of carbohydrates on the water potential of 

Nel's (1981) medium. 

Considerable variability between thermocouple measurements 

of media water potential occurrect. On the hasis of the 

measurements made using liquid 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 r = -0,99 

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 70 g.dm- 3 sucrose, was:-

y = -lU0,53 - 6,Slx r = -0,96 

The ratio of initial to final water potential is given in 

'l'able 29. The decrease in water potential during the sub-

culture period was more marked at higher initial car

bohydrate concentrations. 
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T~.ble 29. Avcrsg1;:; ·ws.,t:~r 1>.::t.2ntials of media (-..:~Pa) on w:1ic:: 

Orr·i thog:"'.lu.rn 'R.ol low' ·tu.:,::; s1~ .::cultured showing the ratio of 

final:initi~l v&ter poteLti~l (as a perceLtage value). 

Ma1~11ose 0 10 •· 30 50 70 
( n"\+dn ,-J) 

0 Iuit.ial 193,7 1,2% 332,5 1,1% 253,3 1,7% 387 1,4% 340,7 

Fim,l 228,5 377,5 434,5 524 451 

10 lui t.ial 266,7 1,3% 284,3 1,6% 241 1,5% 1086 1,2% 699 

Fiou 1 353 460 357 1291 750 

30 I11iLial ·262, 7 1, 0% 330 0,7% 698,7 1,0% 534,7 3,5% 

1,3% 

1,1% 

(n-.:::'. ·111(·) Fi IHI 1 25<>, 5 234,5 710,7 1860 
J 

50 l11i l.ial 412,5 2,0"~ 329 2,2% 353,5 4,3% 

Fina 1 805 717,Y 1532,7 

70 Ini ti1.~1 254,3 2,9% 343,3 2,8% 

Fi11al 748 969 
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1'he ef feet. of the carbohydrates iu liquid media on the 

rate of callus differentiation hy ornithogalum 

rnacu la turn expl an ts and plant. let. initiation on ..QL..:

nithogal um 'Rollow' explant.s. 

0 r n i t. hog al um mac u lat um exp la n ts fa i led to di ff ere n ti at. e 
-

plantlets in vitro. The incidence of callus formation rose 

* ** with increasing sucrose concentrations (S = 2,607 ; p = 
0,01) from 0,0 to 80,0 g.dm- 3 sucrose. 

The concentration of sucrose in liquid media did not affect 

the number of plantlets produced hy 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 

plant.lets, while 6 7, 4% failed to respond in culture. The 

lack of an in vitro response indicates that additional fac

tors to those controlled hy the experimental conditions are 

involved in determining the in vitro response. 'rhe rate of 

plant.let format.ion on the explant.s which differentiated 

plant.lets is presented in Tahle 30. 

Table 30. The effect of sucrose concentration on ill vitro 

plant.let initiation rates on ornithogalum 'Hollow' 

explants. 

Sucrose concentration. 

0,0 g.dm- 3 

10,0 g.dm- 3 

30,0 g.dm- 3 

50,U y.dm- 3 

70,0 g.dm- 3 

Prequency of shoot. 

production hy explants. 

24,5 

24,4 

20,7 

15,2 

15,2 

The distribution of plant.lets formed on the explants was 

also calculated (•rahle 31). 



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

r_r a t) l e 3 1 . rl' h e f r e q u e 11 C y O f p 1 il n t l e t O C C u r r e n C e O n 

Ornithogalurn 'Hollow' explants . 

. U urni)er of 

plantlets/explant. 

u/ explant 

1-5/ explant 

6-lu/ explant 

>HJ/ ex plant. 

Percent.c.1ge of 

total exµlan·ts. 

67,4 % 

14,d i 

14,2 % 

3,6 i 

rl'he concent.rat.ion ot wannose in tne medium failed to sig

nificantly affect the rc1t.e of callus formation on Or

nithoyalum maculat.um expl,rnt.s (x2 = 8,09 NS p = 0,05) or 

plant.let initiation (x2 = 8,25 ~s p = 0,0b) on or-

nittioyalu111 'Rollow' explant.s. 1'he interaction between man-

nose and sucrose in t.ne rnediufo failed to siyni f icc1ntly af

fect the rate of 1,-ilant.let init.1.ation on explants (x 2 = 

6U, 583 NS p = kJ, 14) • However, the interact.ion bet.ween 

mannose and sucrose in the medium affected the incidence ot 

ca 11 us forrna tion on orni thoyal urn maculat.um explants, ( x2 = 
* 3 3, 5U4 p = 0, 05). 'l'he incidence of callus increased 

with increasing cart)ot1ydrat.e concentrations in the nutrient. 

meuium. 

Of all the explant.s ini t.iat..1.ng plant.lets, 80, 9% contained 

chlorophyll. 'l'he concentration of carbohydrate in tt1e 

meuium dio not significantly affect the incidence of 

chlorophyll in explant.s (x2 = 29,343 NS; p = 0,861) 

Nei thE!r the concentration of ~ucrose alone ( x 2 = l, 193 NS; 

p = 0,879) nor mannose (x2 = 3,738 NS: p = 0,443) affected 

U1e chlorophyll content of the explants. 
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5. 2. 3 The effect of sucrose in agar soliaifiea media on 

organogenesis and different.iation of plant-.lets on 

orni thogal\.+•11 'Rollow• 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 

plant.lets by Ornithogalum 'Rollow' explants. Similarly, 

the length of the culture period also determines the numt)er 

of plant.lets formed. 

Table 32. Results of an analysis of variance showing the 

effect of sucrose on plant.let initiation by 

Ornithoqalum 'Rollow' explants. 

-----------------------------

Source of Variation. 

-----------------··--··--·----

Sucrose Concentration. 

Culture Period. 

Interaction: Sucrose cone. 

x culture period 

** Highly significant Result; 

Variance ratio. 

** 2,80 

** 78,15 

** 2,96 

reject H0 at p = 0.01. 

Contrasts to determine the significance of the treatment ef

fect indicated that a minimum of 30 g.dm- 3 sucrose in the 

medium was required for optimal plantlet proliferation. 

Increasing the sucrose concentration to 100 g.dm- 3 failed to 

have any additional effect on plantlet initiation. At or 

below lU g.drn- 3 sucrose in the medium, plantlets failed to 

develop (Table 33). 
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'I'ai>le 33. Contrast results showing the effect. of sucrose 

concentration on plant.let initiation on 

ornithoyalum 'Hollow' explant.s. 

~ucrose concentration. Test Statistic (¥). 

0 

HJ 

20 

30 

40 

50 

6U 

70 

80 

90 

100 

** 
T 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

y.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

No shoot initiation·ohserved. 

No shoot initiation ohserved. 

** -13.11 

ControlT 

0,02 

0,76 

0,02 

U, 22 

0,41 

0, 14 

1,63 

Highly significant result, Reject tt0 at at p = 0.01. 

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 elongatiou in vitro 

( Tao le 34). 'l'he optimal sucrose concentration for shoot 

elongation is 30 g.drn- 3 sucrose. Higher or lower sucrose 

concentrations adversely affect shoot elongation. 



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

HJ7 

Table 34. Contrast results showing the effect of the sucrose 

concentra t_io11 in the medium on shoot elongation by 

ornithoyalum 'Hollow' explants. 

Sucrose concentration. •rest statistic. 

--·---------

"' g.dm- 3 

10 g.dm- 3 

20 g.dm- 3 

30 y.dm- 3 

40 g.dm- 3 

Stu y.dm- 3 

60 g.dm- 3 

70 y.dm- 3 

~0 y.dm- 3 

9U y.dm- 3 

100 g.dm- 3 

No shoot initiation observed 

No shoot initiation observed 
** -5,41 

ControlT 

-5,16 ** 

** -4,96 

-s,13** 

-8,44** 

-8,73** 
** -12,50 
** -10,51 

** Highly siynificant result, keject Ho at p = 0,01. 

T Control corresponds to sucrose concentration suggested by 

Nel (19tsl). 

The effect of sucrose on rooting was also noted. In vitro 

plantlets rooted on media containing 30 to 60 g.dm- 3 sucrose 

( 'fable 35). 

inhibited. 

At higher or lower levels, rooting was 
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'!'able 35. Contrast results showing the ef feet. of the sucrose 

content of t.he nutrient. medium on the number of 

routs formed on in vitro plantlets. 

Sucrose concentration. 'l1est statistic. 

u 

HJ 

20 

30 

40 

50 

60 

70 

80 

9U 

100 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

y.drn- 3 

g.dm-3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

g.dm- 3 

No root initiation observed. 

No root initiation observed. 
** -3,54 

ControlT 

-1,75 

-2,44 

-0,86 

-5,67** 

-4,68** 

-a,34** 

-a,91** 

** 0 : Highly significant result: Reject H at p = U,01 
T Control corresponds to sucrose concentration suggested hy 

Nel {1981). 

'I1he ef feet of carbohydrates on fresh mass accumulation 

by ornithoyalum maculatum and ornithogalum '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 3(,. Results of an analysis of va·r1.ance showing the effect 

of t.he carbohydrate content of the nutrient medium on 

the rate of fresh mass accumulation by Ornithogalum 

'Rollow' and ornithoyalum maculaturn explants in vitro. 

Source of 

variation. 

'freatment 

Culture Period 

3 weeks 6 weeks 

O.M. 'Rollow· 0. M. 

Change in 

fresh mass 

net.ween 

3-6 weeks 

in culture. 

O • M • 'RQ_lJ...Qw' 

3,13** 1,a4** 

Equality of means test: variances not. assumed equal. 

Welch 5,22** 4,51** 6,53** 4,b3** 4,22** 1,94** 

Brown-~orsythe 5,15** 4,95** 5,40** 4,16** 3,26** 1,87** 

Equality of 
** ** Vdriance test ** 2,17 l,53NS 3,96** ** 2, 00 3,71 2,95 

** Highly siynificant result: reject H0 at p = u,01. 

The rate of fresh mass accumulation by shoot-forming 

ornit.hogalurn '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 Ornit:hogalum maculatum and 

ornithogalum 'Rollow' explant.s (in grams). 

Explant source 

Ornit:hogalum 

maculat:um 

Ornit:hogalum 

'Rollow' 

Culture Period 

3 weeks 6 weeks 

0,059 0,071 

0,018 0,024 

* SEM Standard error of the mean. 

Change in 

fresh mass 

between 

3-6 weeks 

in culture. 

0,012 

0,006 

* SEM 

0,003 

0,002 

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 he obtained from the Orni thogal um 

maculatum data based on the t-t:ests. Anovas are more 

robust, while t-t:est:s have more stringent requirements for 

significance. This explains the apparent: contradiction in 

results. 

After three weeks in culture, t:he 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 !JOpulation means showin'2 

the influence of sucrose on the rate of fresh mass 

accumulation hy Ornitho9alum 'Rollow' explants in 

vitro after 3 weeks in culture. 

Sucrose concentration. •rest. statistic. 

0 g.dm- 3 2 

10 g.clm-3 1 

30 g.dm- 3 Control 'l' 

50 g.drn- 3 0,312 

70 g.dm- 3 1,44 

80 g.dm- 3 1,72 

'f 'I'he control was taken to he 30 g .am-3 sucrose as proposed 

hy Nel (1981). Test statistics did not differ significantly 

at p = 0,01, thus tt0 cannot he rejected. 

A significant interaction hetween the concentration of 

sucrose and rnannose 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 medium, 

the rnannose concentration had a significantly adverse effect 

on the rate of fresh mass accumulation ( rranle 39). 
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Tat)le 39. The results of a contrast in popu lat.ion means 

showing r.he ef feet of mannose at various sucrose 

concentrations on the rate of fresh mass accumula

tion ny Ornithogalurn '1-;ollow' explant.s .in vitro 
after three weeks in culture. 

-----·- -----------------··---. ------------------------
Sucrose concentration. Mannose concentration. Test statistic. 

0 y.dm- 3 

10 g.dm- 3 

30 g.dm- 3 

50 g.dm- 3 

70 g.drn- 3 

Test statistic: 

10: 30: 50: 7 -3 0g.dm 1,65 

70y.dm-3 * 10: 30, 50: 3,15 
.. g.dm- 3 * 10: :rn: 50 2,79 

10: 30 y.dm- 3 2,57 

HJ g.dm- 3 1 

Reject a0 at at the 95% confidence limit. 

In instances where the comhination of sucrose and mannose 

adversely affected the rate of fresh mass accumulation by 

ornithogalum 'Rollow' explants, the concentration of mannose 

involved was determined (Tahle 40). 



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

s.2.s 

113 

Ta.t>le 40. Hesul t.s of contrasts in populat.ion means showing 

the effect. of the rnannose concentrat.ion on the 

frestl mass accumulat.ion rate of ornithogalum 

'Rollow' explants on media containing 10 and 30 

y.<.irn- 3 sucrose. 

1v1annose. 

10 g.dm-3 

30 g.dm- 3 

50 g.dm-j 

70 g.dm- 3 

'!'est statistics. 

10g.dm-3 sucrose. 30 g.drn-3 sucrose. 

0,205 

2,84 

2,74 

* 4,60 

2,67 

24,00 ** 
** 16,67 

Not tested 

** 
* 

Higtlly significant result, !{eject H0 at p = 0, 01. 

Significant result, Reject H0 at p = 0,05. 

'l'he inhihi tory ef feet of rnanuose in the medium was only 

notable in the presence of sucrose, where the concentration 

of sucrose in the nledium was relat.ively low (Table 40). 

After six weeks in culture, pairwise 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 ( •rahle 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. 

'!'he ef feet. of sucrose on fresh mass accumulation by .Qr:.

ni thogalum 'Rollow' explant.s on agar solidified media. 

Both the sucrose concentration and the length of the culture 

period hath significantly affected fresh mass accumulation 

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

fect of sucrose, culture period and the interac

tion of these variables on Ornithoyalum 'I{ollow' 

explaut fresh mass. 

~ource of variation. Variance ratio. 

** Sucrose concentration 5,18 

** Culture period ti2,78 

Interactiou: Sucrose x Culture 

period. 

** 4,25 

** Highly significant result: keject H0 at p = 0,01 • 

.r'rom the contrast (Table 42), it was evident that optimal 

fresh mass accumulation occurred at sucrose concentrations 

greater than HJ g .dm-3 • Increasing the sucrose concentra

tion in the medium to 100 g.dm- 3 failed to additionally 

stimulate fretih mass accumulation (Table 42). 
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'l'a.ble 42. Hesul ts ot a coutrast showiny the effect of the 

sucrose concentration on the rate of fresh mass 

accumulation i)y Ornitnoyalum 'Rollow' explants in 

vitro. 

* 
** 
T 

Sucrose concentration. 
-3 

Variance ratio. 

0 g.dm 

10 g.dm- 3 

20 g.dm- 3 

3U g.dm- 3 

40 g.dm- 3 

50 g.dm- 3 

60 g.dm- 3 

70 g.dm- 3 

80 g.dm- 3 

90 g.dm- 3 

100 g.<lm- 3 

* * -7,58 

* -4,01 

0,05 

----------

'I' Control 

4,39 X 10- 5 

1,57 

1,06 

k.>,31 

2,04 

2, 58 

1,01 
------- - ------------------ ---------------

Significant result; Reject tt0 at p = ~,05 

Highly significant result; Reject H0 at at p=0,Ul. 

Control corresponds to sucrose concentration suggested 

hy Nel (1981) 

Percentage moisture contents of Ornitho9alum maculatum 

and Ornitho9alurn 'Rollow' explants iD yitro. 

The percentage moisture contents of Ornithogalum rnaculatum 

ano Ornithoyalum 'Rollow' explant tissues were determined 

after six weeks in culture. The percentage moisture con-

tents of these tissues were found to be similar. rrhe 

average moisture content of Ornithoyalum maculatum tissues 

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

content was 98,71%. The moisture content of the tissues 

remained unaffected hy the changing carbohydrate content of 

the medium. 
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Sununary of Results. 

The ability of explants to differentiate plant.lets un

der the experimental conditions depended on the genome. 

1'he 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 

negligihle. 

5.4 Discussion. 

Generally, the efficiency with which explants photosyn

thesize in vitro is limite<..t. As a result, autonomous 

growth of explants in vitro without an addbJ carhon 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 & ~ritz, 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 & Thurliny (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

ponents involved, these water potentials can only he deter

mined by direct measurement (Table 33). 

Tne water potentials of the culture media declined over the 
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culture f->eriod. This drop in water potentidl has been 

reporte~ in 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. 

Uuring this experiment, the exf->lants remained unaffected by 

the reduction in water potentials of the media which oc

curreo during the six week culture period. Reinert & 

Yeoman ( 1982) report the water µotential of Murashige & 

Skoog's (1962) me<..iium as - 415 kPa (or - 508 kPa where agar 

is µresent in the medium). The water potentials of molal 

solur.ions of sucrose are reported hy l-lichel (1972). .From 

the data, the maximum solute potential at a sucrose con

centration of 10U y .dm- 3 would be expected to be ap-

proximately -HH10 kPa. This value lies within the range (0 

t.o -1500 kPa) of water potentials of leaves of plants rooted 

in well watered soils (Noggle & Fritz, 1976). Under the 

experimental conditions, n~st 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 

factor. 

'l'he genotype of the explant determined whether dif ferentia

tion would occur: the rate (Ball~ Soma, 1965) and type of 

differentiation {Tran Thanh Van, 1977) is determined hy the 

interaction bet we en the ph ytohorrnone and carhohydra t e 

balance in the tissue. 

In this experiment, Ornithogalum maculatum explants failed 

to oifferentiate callus in response to the same conditions 

under which Ornithogalurn 'Rollow' differentiated plant.lets. 

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 t.o meet the high eneryy r.eyu1.rements of shoot formation. 

Accumulated star.ch and free sugars in t.he tissues supply the 

substrates for energy f.Jroducr.ion via glycolysis dnd oxida-

tive phosphorylation. In addition, ~AUPH supplied reducing 

power via the pentose phosphate pathway (Urown & Thorpe, 

1979). Factors which delay (Thorpe & Meier, 1972) or in-

hibit ('I1horpe & Murashige, 1969) starch accumulation have a 

similar effect on organogenesis. 

Brown, Leuny & Thorpe (1979) found that the accumulated 

starch in shoot forming tissues raised their water 

potential, at least prior to the onset of differentiation. 

In this ex_periment, the water contents of shoot forming Or

nithoyalum 'Rollow' tissues and Ornithogalum rnaculatum 

tissues producing callus were similar after six weeks in 

culture. The higher fresh mass of Orni thogalum maculatum 

tissues was attributahle 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 he an im

portant determinant of the effect of carbohydrates on 

growth. 

Jeffs & 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 

inctucer / repressor system {Shoemaker, Conche & Galbraith, 
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1986) whicn controls oryanogenesis (Jeffs & Northcote, 

1967). According to Maret.zki, rrhorn &. Nickell ( 1974), 

glucose and sucrose, t.ht:! forms in which carbohydrates are 

transported within the plant, are the two forms most likely 

to promote optimum growth. 

Sucrose was found to stimulate plant.let initiation on Or

ni thogalum 'Rollow I explants only where phytohormones were 

omitted ::rom the culture media. More than H1 g.dm-3 was 

required for plant.let initiation, 30 g.dm-3 sucrose being 

optimal for initiation and subsequent shoot development. 

rro maintain optimal rates of fresh mass accumulation in the 

ahsence of exogenous phytohonnones, HJ g .dm- 3 sucrose was 

re4uired, higher sucrose concentrations were without effect. 

Hooting occurred on media containing 30 - 60 g.dm- 3 sucrose. 

In the absence of phytohormones higher sucrose concentra-

tions inhibited rooting. Callus formation on Ornithogalum 

maculatum was stimulated by increasing the sucrose content 

of liquid media containing phytohormones. 

An interaction between carbohydrates in the medium was 

notea. Mannose in combination with sucrose had an in-

hihitory effect on fresh mass accumulation hy ornithogalum 

'Rollow' explants during the first three weeks of the cul

ture period. This effect occurred when rnannose was present 

in media at concentrations greater than 30 g.dm- 3 and 

provided the level of sucrose in the medium was equivalent 

to, or lower than, the mannose concentration. 

was no longer apparent after six weeks in culture. 

'I'he ef feet 

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. On solid media, in the absence 

of phytohormones, a minimum of 10 g .dm- 3 sucrose was 

required for optimal fresh mass accumulation, further. 

increases being without effect. 
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~liAP'l'L.k (J • 

THE E.FFEC'l' OF 'l'l1E AGAH AND SUCHOSE co.r.,fi'l:.:~'r OF 'l1HE NU'l'RIE1-/l' 

H.6DIUM UN G.H.mJTH UF Okl\I'l'HUGALUH 'i;oLLm~• EXPLAN'l'S IN VITUO. 

6.1 Introduction. 

'i1 he a-3ar used in Nel I s ( 1981) medium was the most expensive 

media consr.i tuent. 'l'he use of aya.r as s uppor.t ma tr ices in 

culture vessels reduces tne labour whicn would otherwise he 

involved in assemhliny alter.native support systems (Conner & 

r•l e r ed. 1 t h , 1 ~ 8 4 ) • In add 1 tion, in some instances, it 

pr.events the development. of glassiness, wc1te.rloyging and 

translucency (syn. byper.11yor.ic transformation) (Debe.rgh, 

1982). However, ac..idit.1on of a9a.r to media complicates 

cleaning of culture vessels, reauces t-.he 11urnher of explants 

which may be added to the culture vessel c1nd mdy a<Jd statis

tically signiticant amounts of calcium, magnesium, potassium 

and sodium t.o the medium { Chung et al., lSHHJ: Deber.gh, 

1962). In audition, the availahility of cytokinins is 

reduced, decreasing tne propagation rate in some inst.ances, 

an eftect which cannot. he co1,i1.ensat.ed for by raisiny the 

cytokin level in the wedium {IJehergh, 1982). 

As hoth sucrose (Reine.rt.~ Yeoman, 1982) and agar (Brown, 

Leung & Thorpe, 197~) are reportedly osmotically active in 

culture meoia, the effects of the agar concentration or1 the 

growth of explants from the leaf bases of Ornit.hogalum 

'Hollow' were test-.ed over a range of sucrose concentrat.ions 

in this experiment. Initially, each experiment.al treat.ment 

comprised twenty replicates. Uata from a total of 257 ex-

plants was used in tnis experiment. 

s~ecial grade agar {Lot HD 004) su~plied hy hiolah Chemicals 

{Pty.) Ltd., was used at 0,0: 5,0: 6,u: 7,0: 10,LJ: 15,0 and 
-3 3 20,0 g.dm , in Nel's (1981) medium containing 0,1 mg.dm-
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NAA and 2,kJ mg.dm- 3 BAP ano either 30,0 or 45,0 y.dm- 3 

sucrose. 'l1he pH values of the media were adjust.ed to pH 

6, 2 prior to autoclav.irHJ. 

The experimental results were analyzed using BMUP - P series 

prograuunes. 

tions in 

The effect of the ayar and sucrose concentra

the medium on plant.let initiation and the 

chlorophyll content of explants was assessed after 6 weeks 

'1s ing 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. 

Presh and dry mass data ana data on the water potentials of 

the nutrient media were analyzed using BMDP 2V analysis of 

variance (Dixon, 1985) . The significance of the treatment: 

effects where they were ohserved was assessed using con

trasts (Brown & Hollander, 1977). 

b.2 Results. 

b.2.1. 'rhe effect of the agar and sucrose content of t-_he 

medium on the incidence of plantlets on ornithoyalurn 

'koilow' explants in 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 

plant.lets formed hy the explants (X2 = 16,081 **: p = 
U,0029) (rrable 43). 
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rrar)le 43. 'rt1e µercentaye fre4uency with which planr.lets oc

cur r.e<.1 on all media under t.he experimental 

condi r.ions. 

Number. ot 

Plant.lets 

Sucrose concentr.a t-.ion. 

3 ,-,\ ,\ d -J 45 · ' - 3 v , u g • m , 0 g • um 

'I'otal. 

17,9 29,6 47,5 

1 - 5 

b - 10 

11 - 15 

> 15 

8,6 

12,1 

7,0 

3,9 

7,0 

7,0 

.2, 7 

4,3 

15,6 

19,1 

9,7 

8,2 

rl'otal 49,4 50,G lkQ0,U 

The agar content of the medium was not found to have a sig

nificant effect on the incidence of plant.lets on explants 

{x2 = 26,142NS; p = 0,35). 

A siynificant interaction between the levels of sucrose and 

agar in the media on the incidence of plant.lets on explant.s 

was observed {x2 = 35,174**; p = 0,0008). 

The highest incidence of plant.lets was attained on media 

containing 30,0 y.dm- 3 sucrose at agar. concentrations 

greater than 15,0 g.dm- 3 and at agar concentrations greater 

than 10,0 y.dm- 3 in media containing 45 g.dm- 3 sucrose 

{ 'l1ahle 44) • 
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'!'able 44. The per.cent.age of explant.s in each treatment. which 

fonaed plantlets on the different media. 

Aya.r 

0,0 

5,0 

6,0 

7,0 

10,0 

15,0 

20,0 

concentration Sucrose concentration. 

30 - -3 g .dm 45 g.dm- 3 

g.drn- 3 44,4 % 55 % 

g.dm- 3 66,7 % 18,8 0. 
b 

g.dm- 3 50,0 % 31,6 % 

g.dm- 3 61,1 % 26,3 % 

g.dm- 3 63,2 i 50,0 % 

g.dm- 3 65, le) % 50,k) % 

g.dm- 3 100,0 % 55,6 % 

'I'he effect of the agar and sucrose cont.ent of the 

medium on the fresh mass of Ornitho9alurn '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 in culture, when plant.lets 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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Tdhle 45. Results of an analysis of variance showiny the ef

fect of ayar, sucrose and their interaction on ex

plant fresh mass accumulation. 

Source of variation. 

between 3 and 

Variance ratio. 

3 weeks 6 weeks 

Changes in 

- fresh mass 

6 weeks in 

culture. 

Mean 550,59 ** 578,32** 1, llO 

Agar 39,50** 32,20** 2,s5* 
** * sucrose 

Interaction Agar 

x sucrose 

14,76 

1,54 

6,00 

2,91 

3,39 

** 0,36 

** 

* 
Highly significant Result; 

: Significant Result 

reject H0 at at p = 0,01 

reject tt0 at at p = 0,05. 

rl'he fresh mass of the explants was significantly higher on 

media containing 45,0 g.dm- 3 as opposed to 30,0 g.dm- 3 

sucrose (Tahle 46). 

Tahle 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 
Ornitho9alum 'Rollow' explants. 

Culture period. 

3 weeks 

b weeks 

Test value. 
** -3,85 
** -2,63 

Control : -3 30,0 g.dm 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 in explant. fresh mass (Table 47). LJecreasing the 

agar coutent of the medium to 5,0 g.dm- 3 increased the fresh 

mass of the explan ts significantly, while increasing the 
-3 agar content of the medium to 15, 0 or 20, 0 g .ctra led to a 

significant decrease in explant fresh mass (Table 47). 

Tahle 47. Hesult.s 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 g. dni- 3 +9,29** ** - 0, LJ +7,40 
. -3 * ** 7,0 - 5,0 g .01.-: -2,56 -3,89 

7,0 - 6,0 g.dm- 3 +l,07 -0,57 

y.drn- 3 * 7,0 - 10,0 +2,73 +0,44 

g.dm- 3 ** ** 7,0 - 15,0 +6,59 +3,86 

g.drn- 3 ** ** 7,0 - 20,0 +7,81 +6,15 

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

Positive sign 

Negative sign 

Implies concentration mean> control. 

Implies concentration mean< control. 

** 
* 

6.2.3 

Highly significant result; Reject u0 at. p = 0,01. 

Significant result; Reject H0 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.drn- 3 sucrose 
** (Test statistic= 8,46 p > 0,01}, when compared to all 

other. media tested in this ex1->eriment. 

The effect. of the agar and sucrose content of the 

med i um on the d r y ma s s of Orn i tho 9 a l um ' Ro 11 ow ' 

explants. 

The sucrose and agar content of the nutrient medium both 
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siynificantly affected exµlant ary mass ('ran le 48). No 

siynificant 1.nteract.1.on between the ctyar and sucrose con

centrations in t.he rL1edi um ana explant ctry mass were evident 

after six weeks in culture ( 'l'ak1le 48). 

Table 48. Hesults of an analysis of variance to determine 

the effect. of the agar and sucrose content of the 

medium on Ornithogalurn 'Rollow' explant. dry mass 

after six weeks in culture. 
_______ .:::.::::.::::_-_-_ -------·•··------======================---------------

Source of variation. 

l•lean 

Agar 

Sucrose 

Int.er.action: A.gar x ~ucrose 

** 

variance ratio. 

** 505,04 

3,22* 

** 15,34 

1,37 

highly siynificant result !{eject H0 at at p = 0,Ul. 

* Significant result !<eject 11° at p = 0,05. 

Explants on media containing 45,0 y.dm- 3 sucrose had sig

nificantly great.er dry masses than tnose on media containing 
-3 ( . . ** ) 30 g .dill sucrose Test stat1.st1.c = -3, 9U2 p <0, 01 . 

Explants on I1ledia lacking agar and those on media containing 

2U,0 y.drn- 3 agar had significantly lower dry masses than 

those on media containing 7,0 g.dm- 3 (Control suggested hy 

Nel, 1981) . 'l'he dry masses of explant.s on al 1 other media 

failed to differ significantly from those on the control 

( 'l'ahle 49) • 
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'l'at)le 4s;. .Kesul ts of a contrast in population means showing 

the effect. of the agar content. of the nutrient 

rneuium on orni thoqalum 'Rollow' explant <.iry mass 

after six weeKs in culture. 

Contrast. Test statistic 

d -3 ** 7,0 - 0,0 g. rn 3,60 

7,0 5,0 g.<lrn-3 2,09 

7,0 - 6,0 g.dm- 3 0,05 

7,0 -10,0 g.dm- 3 0,75 

7,fJ -15,0 g.dm- 3 2,27 

7,0 -20,0 g.dm- 3 2,89** 

Control 7,0 g.drn- 3 agar (Nel,1981). 

Positive sign Implies concentration mean< control. 
** Highly significant result Reject H0 at p = 

The effect of ayar and sucrose content of the medium on 

the percent.aye moisture 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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Tahle 50. Percentage moisture cunt:.ents for Urnit_hoqalurn 

'Rollow' explant:.s on t_he different media used in 

ttus experiment. 

Agar cuncent_ration. Sucrose concentration. 

30 g.dm- 3 45 g.dm- 3 

------·--

6.2.5 

0,0 y.dm- 3 98,88 99,03 

5,0 g.drn- 3 98,82 99,08 

b,~ g.dm- 3 98,57 98,50 

7,0 g.dm- 3 98,54 98,55 

l~,0 g.dm- 3 98,40 98,46 

15,0 g.dm- 3 98,82 98,85 

20,0 g.dm- 3 98,97 99,07 

Average 98,71 98,79 

The influence of explant growth on the water potentials 

of med 1.a containing different agar and sucrose 

concentrations. 

Both the agar and sucrose content of the medium were found 

to have a significant effect on its water potential after 6 

weeks of explant subculture (Table 51). 

'fable 51. Results of an analysis of variance to determine 

the effect of explant growth on the water poten

tial of the nutrient medium. 

Source of variation. 

Mean 

Agar 

sucrose 

Interaction Agar x Sucrose 

variance Ratio. 
** 2754,69 

10,43** 

HJ0,12** 

1,40 

-····-- ---------------------------------

** Highly significant result Reject tt0 at p = 0,01. 

Media containing 45,0 g.dm- 3 sucrose were found to have sig-



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

129 

11.ificantly lower water 1,>otentia.ls than media containing 30,0 

g .drn- 3 sucrose at the eno of a six week culture period 

(Test statistic= ** -11,51 ; p < u,01). 

'I'he water potential of media containing agar were sig

nificantly lower than those of media without agar ( 'fable 

52). 

'rahle 52. Results of contrasts to det.enaine the effect of 

the agar content of the medium on medium water 

potential. 

Contrast. 

.. ~.---• ··-----· ··--

7,fJ - 0,D 

7,0 - S,u 

7,U - 6,U 

7,0 -10,k'.J 

7,0 -15,lu 

7,0 -20,0 

Control: 

Neyative sign 

Positive sign 

variance ratio. 

g.dm- 3 8,64** 

g.dm- 3 0,02 

g.dm- 3 0,28 

g.dm- 3 -0,89 

g.dm- 3 1,84 

g.dm- 3 1,85 

(Nel 1981). 

Irn~lies concentration mean> control. 

Implies concentration mean< control. 

** Highly significant result; Reject H0 at p = 0,Ul. 

The influence of sucrose and agar in the medium on the 

chlorophyll content of the exf.Jlants. 

The sucrose concentration of the medium significantly af

fected the chlorophyll content of the explants (x2 = 4,379* 

p = 0, 04). Of explants grown on media containing 30, 0 

g.dm-3 sucrose, 54,2% possessed chlorophyll, while 45,8% of 

explants on media containing 45,0 g.dm-3 sucrose had 

chlorophyll. 
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r11he a'ja.r. content: of t:he wediurn was without significant ef

fect un the cnlorophyll content: of explant:s (x2 = 8,941 NS : 

p = 0,18). 

No signiiicant inter.act.ion bet.ween the sucrose and agar con

tent of the medium on the chlo.r.ophy 11 content. of the ex

plants was not.eu (x2 = 21,978 NS: p = 0,06). 

Summary of Results. 

Agar did not significant.lyhaffect plantlet initiation 

or explant chlorophyll content. Optimum fresh and dry 

mass occurred on media containing agar, hut 15,0 and 

20,U g.dm- 3 respectively, depending on the sucrose con

tent of the medium, proved inhibitory to growth. 

Iner.easing sucrose levels in the medium reduced the in

cidenct:! of ch lo.r.ophy 11 and plant.lets, hut led to in

creasing fresh and dry ~~plant masses. 

Increasing the sucrose and agar concentrations sig

nificantly reduced media water potentials, hut failed 

to af feet explant percent.age moisture contents after a 

six week culture period. 

b.4 Discussion. 

Organogenesis occurred more frequently on media containing 

30,0 as opposed to 45,0 g.drn- 3 sucrose (Table 43). 'l'he in

hibitory effects of supra-optimal sucrose concentrations 

have previously been reported (Galiha & Erdei, 1986: 

& Thorpe, 198~a: and Takayama & Misawa, 1980). 

Brown 

Associated 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 co2 measurements indicate that the 
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rate of photosynthesis in vitro is low. The concentration 

of sucrose, but not agar, in the nutrient medium affected 

tne chlorophyll content. of the explants. 

Carbohydrates in vitro function as carnon and energy 

sources, hut also nave an osmotic role in the medium (Brown 

Leun~ & Thorpe, 1979). Although a minimum osmotic require-

ment must he satisfied in order for organogenesis to 

proceed, osmotic effects alone were insufficient. to induce 

organogenesis (Brown, Leung & '"fhorpe, 1979). 

In this experiment, the sugar content of the n~dia did not 

affect the water content of the tissues significantly (Tahle 

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 remained constant. 'rhe 

adverse ef feet of supra-optimal sucrose concentrations on 

growth cannot be inteq..>reted as the result of osmotic stress 

placed on the explant hy the medium. A similar conclusion 

was reached ny 'l'akayama and N1.sawa ( 1980) who were able to 

alleviate the adverse effect of supra-optimal sucrose con

centrations on yrowth hy raising the salt content of the 

nutrient medium. 

In addition to their osmotic role, carbohydrates affect cel

lular metabolism directly (Urown & Thorpe, 1980 b). Al

thougt1 hormones are generally recognised as controlling 

or<Janogenesis, r.he combination, type and concentration of 

sugars in the medium may reverse the ef feet of the hormone 

ha lance in the medium ( 1' ran 'l' ha nh Van, 19 7 7 ) . The 

physiological state of the donor plant at the time of exci

sion ano the inter-tissue correlations also affect or

ganogenesis in vitro (Tran Thanh Van, 1981). 

Although explants grown on media containing 30,0 g.dm- 3 

sucrose produced more plantlets, explants on media contain

ing 45,0 g .dm- 3 sucrose had greater fresh and dry masses. 
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Ou aver.age, 98, 75% of t:he explant is composed of water. 

(Tahle 50), yet the water content of the explants was unaf-

f ected by t.he var. ious ,ued ia. As a r.esul t., these mass in-

creases can only he ascr.it1ed t.o the increased r.at.e of undif-

f. . . . 4r: -3 er.ent1.at.ed yrowt.h on media containing :>,0 g.dm sucr.ose. 

Br.own~ Thor.pe (1980 h) found that., prior. to pr.imordium 

for.mat.ion, shoot-for.ming tissues gr.ow at. a relatiyely slower 

rate than non snoot-forming tissues. This is a direct. con-

sequence of the altered metabolism of shoot-forming cells 

anu the high energy re4uirements of the organogenic 

processes (Brown & Thorpe, 1980 h). 

•n1e 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 ( 'rable 52), as well as a reduction in explant 

fresh and dry mass (Tables 47 and 49 respectively). As the 

moisture content. of the explants was unaffected by the agar 

content ot the medium (Taole 50), a reduced rate of undif

ferentiated growth on media wi U1out agar was responsit)le for 

the reducea rat.es of fresh and dry mass accumulation. The 

high pH of the nut.r ient medium ( pH 6, 2 was used in this 

experiment) appears responsible. Murashige (1977) found it 

necessary t.o reduce the pH of liquid media to pH 5,0 to 

prevent t.he 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 eX.EJeriment that conditions which were optimal for 

fresh and dry mass accumulation (45,0 g.dm- 3 sucrose and 5,0 

g.dm- 3 agar) were not necessarily optimal for organogenesis. 

It may he that the altered metabolism of tissues which un

der.yo organogenesis ( Brown & Thorpe, 1980 b) change the in 

vitro requirements of these tissues. 

No significant differences in the water potentials of the 
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ayar niedia over the concentrations used were ohserved (Tanle 

5 2) • 'l'he agar ef feet appeareo to result from the reduced 

cont.act between the explant anu the medium (Dehergh, l9b2). 

As the concentration of sucrose in the nutrient medium in

creased from 30,0 to 45,0 g.dm-3, so the optimum agar con

centration range for plantlet initiation increased from 10,0 

to 15,l'..i g.dm- 3 • Yosnida ~ al.(1982) ohserved that 

factors, for example, medium hardness, or differentiation of 

the plant body which reduce the contact hetween the medium 

and the explant also increase .transpiration rates of the 

explant. This in turn reduces the tolerance of explants to 

hiyh osmotic pressures in the medium. 

The linear relationsnip which exists hetween medium hardness 

and the ayar content of the medium is determined by the agar 

hr.and, which for this reason, should always be specified in 

tissue culture experiments. 
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1'Hl:.: tFFEC'l' OF 'i'Ht 'I1ISSUl:.: ClJLTUH.t MEDIUM pH ON THE GRmJTH OF 

OH.~ITHUGALUM 'ROLL0\/ 1 TISSUE CULTUHES ON NEL'S (1981) MEDIUM. 

7.1 Introduction. 

Plants in tissue culture are ahle to withstand pH valut·s be

tween pH 4,U and pH 7,2 (Heinert & Year.tan, 1982). The 

detrimental effects of pH are generally related to ion 

availability and nutrient upt.ake, rather than cell damage 

{Murashige & Skoog, 1962: Behrend & Mateles, 1975: Reinert & 

Yeoman, 1 9 8 2 and S k i r v in ~ a l • , 1 9 8 6 ) • Su :t:, st rat e 

utilization (Martin & Hose, 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), suggest 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 hath before 

anu after autoclaving as well as at various times during 

culture 11
• The extent to which autoclaving and phytohormone 

auditions affected the buff er ing capacity of Nel' s ( 1981) 

modified Murashige and Skoog {1962) medium was determined in 

this experiment. 

In addition to physical fact.ors which influence IJH in vitro, 

the presence of plant tissues are also known t:o sig

nificantly affect the mediurn•s ultimate pH {Skirvin et al., 

1986). 'l'hese changes are related to the utilization of 

nitrate and ammonium within culture media. The removal of 

N03 results in a drift towards neutral pH, while NH 4 
utilization results in rapid media acidification (Behrend & 

Nateles, 1975). As pH is dependent on the relative con-
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cent.rat.ion of nit.rdt.e and ammonia, it.s influence on growt-.h 

cu:,uot. readily be assessed in unbuffered culr.ure media. 

For this reason, exJ->eriments t.o det.errnine r.he influence of 

pH on the yrowt.h of Ornit.hoyalum 'Rollow' were done at con

t.rolled pH using a Ci t.ra t.e - K2 HPO4 buffering syst.em, be

cause of t.he wide buffering range of this combinat.ion. 'l'he 

concent.rat.ion of buffer per dm3 (modified from· Dawson et. 

al., 1979) was as follows:-

pH Concentrat.ion Concentration 

of citric acid of K2HPO4 
(g.drn- 3 ) ( 1 ) ( g • drn- 3 ) 

5,0 1,02 1,79 

5,5 0,90 2,00 

5,7 0,86 2,07 

6,0 0,78 2,20 

G,2 0,72 2,30 

6,5 0,60 2,48 

7,0 0, 38 2,56 

(1) 0,02 moles citric acid per dm3 

(2) 0,04 moles K2HPO4 per orn3 

( 2) 

Molarity of 

huffer soln. 

mol.dm- 3 

1,51 X 10- 3 

1,58 X 10- 3 

1,60 X 10-3 

1,63 X HJ-3 

1,66 X 10-3 

1,71 X 10- 3 

1, 65 X 10-3 

Media were autoclaved at 1,2 kg.cm- 2 and 121° C for 15 

minutes in an autoclave manufactured by Hirayama Mdnufactur

ing Co., 'l'okyo ( Model #- HA3D) • 

As IJOOr agar gelation occurs with decreasiny medium pH 

(Murashige, 1977), agar was not used in these experiments. 

Leaf base explants of Ornithogalum '1-<.ollow' were supported 

on ~Jhatman I s number l filt.er paper bridges (Dodds & Roherts, 

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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µlant. dry mass was deterrnined according to the microwave 

dryiny t.echni4ue of Ferreira ( 1982). The percentage mois

ture content of the tissues was calculated according t.o 

Noyyle ~ ~r.itz (1976). 

~~ate r. pot.en t. 1 al s of t. he nu tr i en t me c.l i um at the µ H - v a 1 u e s 

used in tne ex per. iment were determined in d screen cage 

thermocouple µsychrometer manufactured by Mer.rill, Utah. 

The effect. of autoclaving and hormones on the buffering 

capacity of Nel's (1Y81) medium was determined on unbuffered 

media. 

'l'he stock sol ut.ions use a for phytohormones consisted of 

29, 7% { v /v) ethanol and phytohor.mones at concent:ra tions of 

U,2 mg.cm- 3 • 

'l'he medium was acidified using 0, 1 N HCl and made alkaline 

with 0, l .N NaOH. 'l'he resultant changes in pH were checked 

using a Knick 646 digit.al pH meter using an Ingold U 455 

electrode. 1'he pH meter was standardised using 2 huf fers 

(pH 7,00 and pH 4,01). 

Initially, each treatment comprised twenty replicates. rrhe 

experimental data was analyzed using BMDP - P series 

!Jroyranunes {Dixon, 1985) • 'l'he ef feet. of µH on the number 

of µlants formed on explant.s, their chloropt1yll content and 

the contamination rate was assessed using Chi-syuare tests 

(Uixor1, 1985). Where necessary, Yates' correction for con

tinuity was used where the samples were small in size to 

guard against the possihility of erroneously rejecting the 

null hypotheses (Brown & Hollander, 1977). 

'l'he effect of pH on fresh and dry mass data was assessed 

using bMUP 2V {Dixon, 1985), an analysis of variance. The 

distribution of the data was first checked for normality 

using ilMDP SD, histograms and univariate plots (Dixon, 
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1985) • 'l'o determine t.he siyn if icance of tr.ea tment~ et f ects, 

wner.e r.nese were ot1servec.i, r.he multiple range tests of 

Student-Newman-Keuls were used at the appropriate confideuce 

limits. 

'l'he curve establishing the quadratic relationship hetween 

medium water potential and !_JH was fit.ted using Genstat V 

(Copyright Lawes Agricultural Trust, 1984). 

7.2 Results. 

7.2.1 The buffering capacity of .t-;el's (1981) medium. 

'fhe buffering capacity of Nel' s ( 1981) medium and the ef feet 

of autoclaving hormones at the concentrations suggest-.ed hy 

Nel (1981) (0,1 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 (µH 2,16 -

Y,02) resulted in more alkaline or acid medium depending on 

the initial pH-value. Autoclaving the medium led to an 

acidific.:ation particularly in the range pH G, 7 to pH 9, 02 

( 1''igure 12). 'l'he graph shows that the minimum t1uffering 

capacity of Nel's (1981) medium falls hetween pH 3,0 and pH 

8, Ok.l. However, neither the addition of hormones to the 

medium, nor autoclaving appeared to significantly affect the 

huffering capacity of Nel's (1981) medium. 
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VOLU.\IE OF HCl/NaOH ADDED/crn3 

Figur~ ~.2. Thi.:: uufferinh c<-~-lJ[:;,cii,y of Ne_;__'s (:i981) .• ~el:iu:i1. 

l.3cd or~ [>hyt ohor u· onl!::; i.,1 c re o .. J .:0 .~ (A) ; ,~ft Gr th8 .:~d.ui ti on of 
-3 . . -3 

0,1 a1g.J..n napth:d~ri.;;:~•,c8t1c iJClc.!. (NAA) a.nd 2,0 mg.d.1.i 

uvnzyl;;;,minopurine (BAP) (B), c:.n<: ::,,fter medium (B) w3.~ 

rt~riliz0d by &utoclaving (C). 
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The effect of culture medium pH on the incidence of 

µlantlets on Orni t:ho9alum 'l<0llow 1 explants. 

'11 .he pH of the medium did not significantly affect the 

frequency with which µlantlets occurred on explants (x 2 = 
19,438 NS; p = 0,08). Of the explants, 7 2% failed to 

produce plant.lets; 11,4% produced between 1 and 5 plant.lets 

and 16,6% produced more than 5 plant.lets after six weeks in 

culture. The relatively l)W regenerative ability of the ex

plants indicates an adverse effect of the buffer on 

re":3eneration. 

'rhe ef feet of medium pH on explant fresh mass. 

The distribution of fresh mass data was checked using BMDP -

SD histograms and univariate plots (IJixon, 1985) and found 

to he normally distributed. 

The anova revealed a significant effect of pH on the rate of 

fresh mass accumulation by Ornithoyalum 'Rollow' explants 

(Tahle 53). 

Tahle 53. l{esults of an analysis of variance to determine 

the effect of pH on Ornithogalum 'l{ollow'explant 

fresh mass. 

Source of variation. Variance ratio. 

Treatments 

Equality of means test; 

~~elch 

3 weeks 
** 4,66 

variances are 
** 3,23 
** 4,57 

6 weeks (3-6 weeks) 
** 3,45 1,44 

not assumed equal. 
** 4,59 1,36 
** 3,32 1,44 Brown-Forsythe 

Levene's test for 

equality of variance 0,62 1,98 2,70* 

** 

* 
Highly significant result; Reject B0 at p = 0,01 

Significant result; Reject H0 at p = 0,05. 
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According to t.he 1~ul t.iµle range test of Student-Newman-Keuls 

(Dixon, 19 85), at the 9 9% confidence limit t.he optimum pH 

range for fresh mass accumulation lay between pH 5,0 and 6,0 

after three weeks and µH 5, 0 and 6, 5 after six weeks (.Fig. 

13) • Given sufficier1t time, Ornithogalurn 'Rollow• explants 

were capable of accumulating fresh mass over a wide range of 

pH values. 

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

range test at the 99% confidence limit to deter

mine the optimum ;pH for fresh mass accumulat-.ion 

(in grams) by ornitho9alurn 'Rollow• explants. 

µIi 5,0 pH 5,5 pH 5,7 pH 6,0 pH 6,2 pH 6,5 pH 7,0 

Mean ( x) change in fresh mass between 0 and 3 weeks in 

culture: 

Suboptimal 

Optimal 

{x)0,0J 0,02 0,02 0,05 0,02 0,01 0,01 

Mean change in fresn mass between 0 and 6 weeks in culture: 

Suhoptimal 

Optimal 

(x)0,03 0,02 0,02 0,04 0,02 0,01 0,00 

n 26 30 21 24 29 22 23 

11 he effect of medium pH on explant dri mass. 

The data was checked using HMDP - SD (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 'l{ollow• explants in vitro 

( Table 54). 
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Tat)le 54. 1{esults of an analysis of variance t.o det.ermine 

the effect of medium pH-value on dry mass ac

cumulation hy Ornithoqalurn 'Rollow' explants in 

vi t.ro. 

Source of variation Variance ratio. 
-------··--·-·--------------.----------------
'I'rea tmen t 7,08 

Equality of mean-:; test; variances are not assumed to be 

equal. 

~velc.h 

Brown-Forsythe 

Levene's test for equality 

of variance 

* Significant result; 

4,99 

* 7,08 

Reject Ho at p = 0,05. 

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

and JJil 7, 0 ( Figure 14) • 

Figure 14. Results of a Student-Newrnan-I~euls multiple range 

test used at the 95% confidence limit t-.o determine 

the optimum pH for dry mass accumulation (in 

grams). 

----------------- -~-- --~-·- ----- ------
pH 5,0 pH 5,5 pH 5,7 pH6,0 pH 6,2 pH 6,5 pH 7,0 

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

Suho1-1timal 

Opt1.rnal 

(x) 0,015 

n 12 

L,022 0,017 

lL 12 

0,023 

12 

0,027 

12 

U,027 

12 

kl,017 

12 
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'l1ne effect of medium pH-value on the percentage water 

content of explants. 

Varyiny the pH of the nutrient. medium failed to sig

nificantly affect the moist.ure content. of Ornithoyalum 

'Rollow' explants after 6 weeks in culture (Table· 55). 

'I' a h le 5 5 • P e r cent aye mo i s tu re contents of or nit hog a 1 um 
'kollow' explants from media with different pH 
values after six weeks in culture. 

pH i moist.ure content. 

5,0 

5,5 

5,7 

6,0 

6,2 

6,5 

7,0 

99,29 % 

99,95 i 

99,19 q 
·o 

99,99 ,. 
't) 

98,84 i 

98,80 6 

99,38 % 

The influence of medium pH on the water potential 

of the nutrient medium hefore and after explant. 

subculture. 

A quadratic relationship was shown to exist between pH and 

the water pot.ential of Nel's (1981) medium buffered with 

citrate and K2 HPO4 ( 'ran le 56). The water potentials of 

nutrient media give an indication of the solute content of 

the medium ana thus the nutrients available to the plant for 

growth. 
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1'ai1le 56. Results of an analysis of var i auce to determine 

the relationsi1ip between pH and solute potential 

before and after explant suhcult.ure. 

Source of variation variance ratio. 

Ini t.ial value value aft.er 6 weeks 
---------------------------------------------~ 

pH ** 10,183 

relationship: linear * 8,779 
** quadratic 25,90d 

cuhic 1,661 

** Deviations 8,249 

Coefficient of variation 24,6% 

** Highly significant. result; 

7,225** 

4,669 

** 21,121 

* 8,371 

3,U63 

54,0% 

Reject H0 at. p = 0,01 

* Significant result; Heject tt0 at. p = 0,05. 

The relationship ( .figure 15), determined using a t.her

n~couple psychrometer showed that before explant. suhculture, 

most nutrients were available in culture media bet.ween pH 

values of 5,6 and 6,5. After 6 weeks of explant 

subculture, the situation was reversed. Few nutrients were 

available for growth between these pH limits. 



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

,,--.. 
co 

0., 
~ 

I 
~ 

rl 
co 

.,...; 
.w 
C: 
CJ 
.w 
0 
0.. 

I.-, 

CJ 
.w 
. .'2 
...;. 

-450 

-400 

-]50 

-300 

-250 

-200 

-1 so 

-100 

-50 

0 

.l44 ---------------------------------. 

5 5.5 5.7 6.0 
pH 

• 
Oc. 'J 

• L. 6.5 7.0 

J◄' i gu re I 5 . The e 1' 1'c c L o 1' c .i Lr a Le - },( 2 HP O ✓t bu f f e r i n g sys t, e m 

on U1c waLcr poi,cni_ial of L_ii-.smaPr & Skoog's (1965) mcdit11,; 

i ; ~ i ( i a J l .'/ ( x ) a ; . d a f t c r O n1 i { :, o g a 1 u m ' R, o J 1 ow ' e x p 1 an is we r c 

subc11 l Cured [or six wP-cks (•). 



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

145 

r11 ne ef feet of medium µ11 on the chloruphyll content of 

OrnithOCJalurn 'Hollow' explants after six weeks in 

culture. 

rrhe pH of the n1edium significantly affected the chlorophyll 

content of explants (X 2 = 19,800*: µ=U,05) 61 i of explants 

on media at pH 5,0 possessed chlorophyll, while-93,l % of 

explants at pl-J 6,2 and 100 % of explants at pH 6,5 had 

chlorophyll (Table 57). These values correspond to the 

minimum and maximum concentration of buffer used in the ex

periment {See Materials & Methods..). 

Tahle 57. Results of Chi square (X~) tests to determine 

w l1 e t n e r s i g n i f i cant d i f fer enc e s between 

chlorophyll contents of Ornithogalurn 'Rollow' ex

.plants cultured at pH values other than pH 6,2 

(Nel, 1981) occurred. 

pH values contrasted. 

5,0 - 6,2 

5,5 - 6,2 

5,7 - 6,2 

6,0 - 6,2 

6,5 - 6,2 

7,0 - 6,2 

x2 

* 8,00G 

0,574 (C) 

0,146 (C) 

0,106 (C) 

* H>,415 (C) 

3,457 (C) 

(C) Hefers to Yates' correction accordiny to Brown & Hol

lander (1977). 
* 

7.2.8 

Significant Result: 2 2 --x > X 1:0,008 at P 0,05). 

'l'he effect of culture medium pH on the visible con

tamination rates in Ornithoqalum 'Rollow' explants. 

The pH of the culture medium significantly affected the 

2 ** visible contamination rate {X = 21,499 p = 0,002) 

( rrahle 58) • At ph 5, 0, 53, 8 % of t.~e explants were con-
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t.aminat.ed as compared to 13,~ % at pH 6,2. 

% of the explants were contaminated. 

At pd 7,0, 65,2 

Table Sci. Hesul ts of Chi square tests r.o determine whether 

contamination rat.es (x 2 ) at pH G,2 (Nel, 1981) 

ui ff ered sign if ican r.ly from those at other pH s 

used in the experiment. 

x2 

5,0 - 6,2 

5,5 - 6,2 

5,7 - b,2 

6,0 - 6,2 

G,5 - 6,2 

7,0 - 6,2 

* 9,989 

4,069 

2,710 

2,863 

u,665 (C) 

* 14,628 

( C) 

* 

Refers to Yates' correction according to Brown & 

Hollander (1977). 

Si~nificant kesult; x2 > x2
1 ; 0 , 008 at p = o,us. 

7.3 Summary of Results. 

'l'he buffering capacity of Nel' s (1981) medium was mini

mal hetween pH 3,0 and pH 8,0. 

The incidence of plantlets on Ornithoyalurn 'Rollow' ex

plants was unaffected hy pH values hetween 5,0 and 7,0. 

'fhe optimum rate of fresh mass accumulation occurred 

over a pH range of 5,0 - 6,0 (after 3 weeks) and 5,0 -

6,5 (after 6 weeks}. 

Optimal dry mass accumulation occurred in the pH range 

hetween pH 5,5 and 7,0. 

The percentage moisture content of the explants was un-
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affect.ec.1 by t.he pH value. 

~Jater potential aar_a show U1at. duriny culture, most. 

nut.rient.s are availahle and utilizea hetween pH 5,6 anu 

6, 5. 

Chlorophy 11 content of exµlants was lowest at-_ pH 5, 00 

and highest. at pH 6, 5. 'l'he concentration of K 2HP04 -

citric acid buffer was lowest at pH 5,0 and highest:. at 

pH 6, 5. A relationship between the chlorophyll con-

tent of explants and the amount. of buffer in the medium 

occur.red. 

Contamination rates were highest ctt:. pH extremes (5,0 

and 7,0) used in the experiment. This corresponded 

with media having the highest. concentrations of solutes 

at the end of the culture period. 

7.4 Discussion. 

'rhe nutrient:. media used in tissue culture are generally 

poorly buffered at the 1JH values most commonly utilized for 

growth (Reinert~ Yeoman, 1982). In this experiment the 

buffering capacity of Nel's (1981) medium was lowest. between 

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

Neither autoclaviny, nor the addition of the phyt:.ohor.mone 

concentrations suggested by Nel (1981) altered the buffering 

capacity of the medium. Autoclaving t.he medium resulted in 

siyni.ticant media acidification bet.ween pH 6,7 and pd 9,02. 

Skirvin et al. (1976) found a similar. effect of autoclaving 

on pH. He attrihuted this effect to chemical rPactions 

within the medium. Accordiny to Skirvin et al. ( 1976) fac-

tors which could influence autoclaving include autoclave 

temperature, type of autoclave, position within the 

autoclave, quality of mineral nutrients, water quality and 

duration of autoclaving. 
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Sing ha ( 1 ~ti2) showeu t:.ha t:. increasing the concentration of 

agar 1.n r.he nutrient: mec.ti um tended to counteract. the ef feet. 

of rec.luct1.on in pH with autoclaving. However, he points 

out that-. the effect of hot.h ayar and aut.oclaviny on the pH 

of the mea1.um is so slight as ~o he almost negligible. 

Martin & Rose (1976) found evidence that medium pH exerts 

it's effect: on growth in culture media through controlling 

t:he balance between ammonium ar,d nitrate utilisation in cul-

t:ure media. In their investigations on Ipomea, immediate 

post. inoculation utilisation of ammonia and not nit.rate oc-

curred between pH 6,2 and pH 7,1. ~itrate, hut not am-

monium utilisat-.ion occurre<i at }?H 4, 8 dnd both compounds are 

utilised at pH 5,6. 

Skirvin et al. (1976) found that, regardless of t:hc initial 

~Hof the medium, plant tissues placed on tne culture media 

tend to modify the fJH of these media within a few <lays. 

'l7t1e ultimate pH lay witnin a very narrow range, which ap

peared 1.naepenctent of the initial pH of the medium. 

As a result in the alteration of medium pH with explant 

growth {S.Kirvin et al., 1986; .Kase & Martin, 1975) it. is 

difficult-. to assess the effect of external pH on the metano

lism of cells. 'l'o prevent pH variation during the culture 

period, Nel's (1981) medium was buffered over a range of pH 

values using Citric acid - K2HP04 buffer solutions (Dawson 

et al.,1979). To reduce the sodium content of the medium, 

K2HPu4 was suns ti tut-.ec.t for Na 2HP04 . 1'his buffer system was 

chosen for its effectiveness over a wide pH range (2,6 -

7,6). At and above pH 7,kj a white precipitate was formed. 

As no precipitate formed when the pH of unbuffered media was 

a u J u s t e a , t 11 e p r e c i p i t d t e i s p r o h a t) l y c a 1 c i u m 

orthophosphate, which nas low solubility at high pH. 

No effect of pH on the ability of explants to produce 
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})lantlets was ot>ser.ved, nowever, nufferiny t.he r11ediurn ap

_µeared to adversely aftcct plantlet initiation as only 28 % 

of t.ne explants µroduceu plantlet.s in vitro. Other. buffer-

ing systems usect in culture media have neen shown to have 

similar adverse effects on gr.owth. ~treet & ltenshaw (l9b6) 

emu .h'.einert & Yeoman ( 1'382) found that. signific,rnt. bufferiny 

hy KH 2 Po4 and K 2 HI?u4 is only achieved at soluble phOS})hate 

levels inhibitory to growth. Sheat et al.(1959), quotea hy 

Heinert & Yeoman (1982) found that, while hufferiny could he 

acnieved with sparingly soluble calcium phosphates, these 

reduce the availability of micronutrients, making them un

available and exerting an inhibitory effect on plant growth. 

The most effective buffering systems are those devised hy 

Martin & .Rose ( 197b} and Martin, .Rose & Hui ( 1977). Cells 

were grown in hatch cultures in fer.mentor vessels, the pH of 

t11e medium was adjusted automat-.ically using HCl and NaOH or 

ar,m1oniurn hydroxide. 

'l'he l-'ercentage moisture content of the tissues was unaf-

fected by the culture medium. The optimum dry mass ac-

cumulation rates occur.red on media in the pH ranges from 5,5 

to 7, 0. Martin, Hose & 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 metaholic energy re4uired for 

maintaining tissues cultured at low pH. The optimum fresh 

mass accumulation occurred hetween pH 5,0 and fJH 6,0 after 3 

weeks, and pll 5, 0 and 6, 5 after 6 weeks. 'rhe optimal pH of 

culture media for fresh and dry mass accumulatiou lies he

tween pH 5,5 and pH 6,5. 

'rhe adverse etfects of 1->H on growth are yenerally attrihuted 

to reduced ion availahility, rar.her than direct cellular 

damage (Reinert & Yeoman, 1982). The solutes in solution 

lower the chemical potential of water in the system (Noggle 

& Fritz, 1976). Ttlus, the water potential of a system 

provides a measure of the nutrients availat)le for growth in 

the system. 
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At. pH values net1,,;een 5, 5 <lnd 7, u most of the solutes in the 

nutrient medium were utilized for grow·th during the six week 

sut>cul ture period. At pH S, 0 a rise in t.he concentration 

of solutes occurred over the culture periou. 'l'he cause of 

this rise in solutes is not known. 

The chlorophyll content of the tissues correlated well with 

the concentration of buffer used in the meaium. The 

chlorophyll content was minimal where the buffer concentra

tion was lowest and vice versa. 

The highest visible contamination rat.es in this experiment 

coincided with the µH extremes (5,U and 7,0). At these pH

values the solutes available in the medium after 6 weeks of 

explant subculture were at a maximum. The contamination 

rates observed in th is experiment probably reflect the 

ability of tl1e explant and its contaminating micro-organisms 

to compete for resources under a given set of environmental 

conditions. 
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CuAP'I'EH 6. 

TUE EFFECrl' CJF CUL'I'URB 'I'Er-1.PEKATURE Oh THE GRmrrH YitLO 01•' 

UfaHTHOGALUM "ROLLO.J' EXPLANTS IN VITRO. 

8.1 Introduction. 

Lir.erature con.:erniny the effect of temperature in relation 

to the requirements tor commercial flower 1->roduction is 

available for the genus Ornithoyalum ( von Maatsch et al., 

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

°' Valershtein, 1971 and Jansen van Vuuren,1983). Some work 

has also been done on the effect of temperature and other 

factors, on the control of bulb dormancy in vitro (Halahan, 

Galun °' Halevy, 1983). No information is available on the 

temperature requirements for hulh formation. 'This study 

was aiti.led at c.tetermining 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 0,1 mg.dm- 3 NAA and 2,0 mg.dm- 3 UAP. The cul

tures were grown in controlled environment cabinets at con

stant temperatures of 15; 22; 25 and 32°c +/- 1°c. 

Explants were inspected initially, and after six weeks in 

culture, to determine the incidence of plantlets, callus, 

cnlorophyll and contamination. Fresh mass was determined 

initially, and aft.er six weeks ill culture. 

Uata was analyzed using x 2 tests and BMDP 2V's analysis of 

variance. rrhe significance of treatment. effects where ob

served using the anova, were assessed using the multiple 

range test of Student-~ewman-Keuls. One hundred and 

twenty-four explant.s were involved in the study. 
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Explants were photograptied using a stereo dissect.ing micro-

scope at l0x magnitication (Scale 10 mm = l nun) • 

h.esults. 

rl'he effect of culture temperature on plant.let-. init-.iat.ion 

hy Ornit.hogalum 'Hollow' explant.s iil vitro. 

Temperature was found to significantly affect the incidence 

of plant.lets on Orni thoga l um 'Rollow' expl an ts aft.er six 
2 ** weeks in culture (X = 47,321 : p = 0,0000). The percent.-

age frequency with which plant.lets occurred on explants at 

various culture temperatures is given in Table 59. 

Tat)le 59. Percentage frequency of plant.let. occurrence at 

various culture temperatures i.n vitro. 

Number of plants Culture temperature. 

per 

0 

l -
b -
> licJ 

explant. 15° C 22° C 25° C 32° C rrotal. 

55,3 6,4 27,7 10,G 10U % 
L" 
:) 13,0 43,5 34,8 8,7 100 % 

10 3,4 17,2 51,7 27,6 100 % 

4,5 18,2 54,5 22,7 100 % 

Significantly more plantlet.s formed on explant.s cultured at 

22 and 25° C than on explants cultured at 1s° C (x 2 = 

** 32,93 : p = 0,001). 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 

(x2 = 3,26 NS; p = 0,05). 

The effect of culture temperature on fresh mass ac

cumulation by Ornithogalum 'Rollow' explant.s in vitro. 

The data was checked for normality using BMDP 5D histograms 
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a11d univariate µlor.s (Dixon, 1985). The da t.a was not. nor-

mally d1.st.ributea, and as a result of its aist.ribur.ion, it 

was e.1ecided t.o transtorrn the data using a log normal 

trans for.mar.ion. 'l'lle use of this transformation did not. al-

ter the outcome of the variance analysis significantly. 

The culture t.em1->erat.ure significanr.ly c:1ffected t.he fresh 

mass accumulated by explants after six wee.Ks in culture 

( '!1 able 61J) • 

Table 6U. Analysis of variance to determine the effect of 

culture temI-Jerature on fresh mass accumulation by 
Ornit.hogalum 'Rollow' explant.s in vitro after six 

weeks in culture. 

Source of variation Variance ratio. 

Untransformed Data Log-Normal Transformation 

Culture 1'ernperature ** 4,76 * 3,4~ 

Equality of means test; variances are not assumed to he eyual. 
** . ·3* Welch 5,79 3,9 

Brown-.Forsyt.he 4,72 ** 3,28··* 

Levene's test for 

** equality of variance 6,51 1,80 

** 
* 

Highly si9nificant result; !<eject H0 at p = k:J,Ul 

Significant result; Reject. Ho ar. p = 0,05. 

'J'hP. significance of treatment. effect.s were assessed using 

the mul -t.iple range test. of St.udent.-Newman-Keuls. rrhe op

-t.imum culture temperature for fresh mass accumulation lay 

net.ween 22 - 32° C (Table 61). 
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Tai)le Gl. The effect. of culture temperature on orni-tho~alurn 

'b,ollow' explant. fresh mass accumulation shown ny 

the rnulti.EJle ranye t.est of Student-Newrnan-Keuls at: 

·the 99 % cont idence limit. T 

15° c. 22° c. 25° c. 32° c. 

suboptimal 

o_µtimal 

mean < x) 0,05g 0,06g ki,08g 0,07g 

n 31 22 20 48 

'I' For transformed data, the same result was ohtained at the 

95 % confidence level. 

8.2.3 The effect of culture temperature on the incidence of 

callus on ornithogalum 'Rollow' explant:s. 

The culture temperature significantly affected the incidence 

of callus on explants of Ornit:hoyalu1a 'Hollow' aft.er six 

weeks in vitro (x2 = 7,811* : p = 0,05). The incidence cf 

callus was reduced by increased culture temperatures (Tahle 

b2). 

Tahle 62. The effect of culture temperature on the occur

rence of callus on ornithogalum 'Rollow' explants 

in vitro. 

Culture r.emperature. Incidence of callus. 

--------·--· -- -···----------------------------
15° c. 58, l % 

22° c. 36,4 % 

25° c. 37,5 % 

32° c. 20,0 % 
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'I'he ef feet of cul t-.ure temperature on the incidence of 

chlorophyll in Onlit-.hoyalum 'Rollow' explant.s. 

Culture temperature significantly affected the incidence of 

chloropnyll in Ornithoyalum 'Rollow' explants in vitro (x 2 = 
** 51,13b ; p = k.l,i::H.J00). Increased culture temperatures 

reduced t.he incidence of ch l orophy·11 in Orn it hog al um 

'Rollow' exµlants in vitro ('rahle 63). 

Table 63. 'I'he effect. of culture temperature on the occur

rence of chlorophyll on Ornithogalum 'Rollow' ex

plants ill vitro. 

Culture temperature. Incidence of chlorophyll. 

15° c. 100,0 % 

22° c. 45,5 % 

25° c. 58,3 c,_ 
-0 

32° c. 0,0 i 

b.2.5 'l'he effect. of culture temperature on the .i.rL vitro con

tamination rate. 

8.2.6 

Culture t.emperature was not. found t.o signif icant.ly af feet 

the contamination rate in vitro (x2 = 3,96 NS; p = 0,05). 

The effect. of culture temperature on plant.let morphology. 

Photographs were taken of explants cultivated at the tem

peratures used for this exµeriment. to provide an indication 

of the effect of culture temperature on plant.let. morphology 

( .Figure 16) . 
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'2.2.0C, 

The effect of culture temperature on 

plantlet morphology. 
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8.3 Summury of Hesults. 

LXplants cultured t>etween 22° and 32° C initiated more 

plantlets and had greater fresh masses than explants 

cultured at 15° C. 

The incidence of callus and the chlorophyll contents of 

explants were highest at 15° C and decrec1sed with in

creasiny culture temperature. 

Contamination rates were unaffected hy culture 

temperature. 

8.4 Discussion. 

Accordiny to Towill be Nazur (1976), plants respond to tem

perature stretis in the same way as to osmotic stress. rrhe 

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 hiochemical 

a nd p h y s i o l o g i c al pro c e s s es w i th in t he c e l l • 

Photosynthesis, respiration, solute permeahility DNA and 

protein synthesis ( Bernstam, 1978) are all affected. 

Molecular changes causing these responses could include al

ter.a tions in the solubility and concentrations of solutes, 

compaction of macromolecules, changes in pH and mernhrane 

alterations. 

Dormancy in nulh plants is under the control of environmen-

tal factors. Of these factors tested on Ornithogalum 

arabicum, temperature alone affected dormancy, liyht inten

sity and day length being without effect (Snouh & Halevy, 

1971). urnithogalum hulhs do not require vernalization to 

hreak dormancy. 'l'ompsett ( 1985) for Ornithogalum thyr

soides anu Shoub & Halevy { 1971) for Ornit.hogalum aral)icurn 

hoth report a high temp~rature pre-storage requirement in 

these bulhs to hreak dormancy. Al though initiation and 
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development. oi the inflorescence are favoured by a succe s

sion of temµeratures which reflect. the rnorµhological anc.1 

phys1.oloyical processes occurr1.ny (~Jent.,1953), Shoun & 

Balevy (1<;;71) anc.1 Jdnsen van Vuuren (1~83) found that in Ur

n i t-. h o g a 1 um a r a b i c um a nc.1 O r n i t-. h o g a l um t h y r s o i d e s 

respectively, inflorescence development is µossihle over a 

wide range of temperatures ( s0 - 3~° C). 

In this experiment, Ornithogalum 'kollow' explant.s cultured 

between 22° and 32° C producea plant.let.s and accumulated 

fresh mass at. comparable rat.es. At 15° C growth was 

retarded. Hussey (1976) reported culturing ornithoyalurn 

t.hyrsoides explants at. 20° C, while Nel (1981) cultured or

nit.hogalum leaf explants in vitro at 23° c, and reported 

ttlat, unlike mature hulhs or normal nulblet.s in vivo, these 

plants did nor. become dormant during December, hut continued 

growing, producing flowers within four mont.ns in vivo. 

'l'he incidence of callus and chlorophyll in exfJlant.s 

decreased witn increasiny culture temperature. Similar 

results obtained hy Pence & Caruso (1986) worKing on crown 

gall tumours in Nicotiana tahacum were at.trihut.ed t.o reduced 

cytokinin levels in tissues cultured at high temperatures 

(Amasino & Miller, 1983). At 33° C, tumour tissues in 

vitro were green and leafy, while at. 21° c, tumour tissue 

was white and callus like. 

r11 he effect. of temperature on growth is largely attributed in 

tissue culture studies to it.s effect on plant hormone 

activity. Must evidence is based on growth responses t.o 

exogenous applications of these hormones (Halahan, Galun & 

Halevy, 1965; St.imart tx Ascher, 1981 a & b; Seabrook & 

Cunuuings, 1982; van Aart.rijk & Blom-Barnhoorn, 1983), al

t.tlouyh some direct measurements of hormone levels in tissues 

have heen made (Amasino & Miller, 1983; Radin & Hendrix, 

1986; Pence & Caruso, 19~6). 
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Alr.nough many at.tempts to tn:·eak dormancy using plant nor.

rnones l1ave been made, few of these att.ernpt.s have l,een 

successful (van Staden, l'-378). Halevy, Mor & Valershtein 

( 1971), found that. only certain st.ages in the development. of 

urnithogalurn arabicurn hulhs could be related to the gib

tH:~rellic acict concentration in the bulhs. Depending on the 

stage of development, however, dormancy is probat1ly under 

the coll't.rol of more than one plant hormone. 

The response of tissues in vitro to different temperature 

reyimes is influenced by the physiological preconditioning 

of the tissues at the time of explanting (Stimart & Ascher, 

1981 h), the age of the tissue (Julien, 1983) and the mor

pnoloyical anti physiological characteristics of the explant 

( Seabrook &. CUI,uning, 1982) . 

In addition to evidence for the ef feet of culture tempera

ture on plantlet initiation and fresh mass accumulation in 

vitro, some evidence that bulh morphology was affect.ed was 

oht.ainet.i, but not. quantified statistically. Leaf develop

ment was largely limited to explant.s cultured between 22° 

and 25° C, while hulb diameter increased with increasing 

culture temperatures to a maximum at 32° c. Callus forma

tion was stimulat:.~Ca by low culture temperature. Further 

information on the in vivo performance and survival of in 

vitro hulhs produced under different culture temperatures is 

requireu before the commercial significance of their mor

phologies can he assesseo. 
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CtlAPTtk 9. 

GCNE~AL DISCUSSION. 

'rne optimum environmental conditions for. t.he in vitro 

pr.uµagation of a species anct a cultivar. of Or.nithogalum were 

determined. 'fhe cul ti var chosen for. its nroad genetic 

background was Or.nithoyalum 'Hollow' and the species OP.

nithogalum maculatum. The yenetic isolation of the species 

Orni tnogal um macula tum in the nreeding programme was sug

gested hy its lack of response to conditions under which or.

nithoyalum 'Rollow' initiated plantlets. 

The work was unc.lertaken as consideranle scope for the com

mercial exploitation of the genus as pot plants and cut 

flowers exists noth on the local market anct over.seas. 

Multiplication in vitro was effected ny the stimulation of 

adventitious shoot formation directly on the explant. A 

possible disadvantage of t.he technique is the loss of 

viability which is associated with repeated subculture 

(Hussey, 1976). However., it is rapid and shows low 

var. iat1i li ty. 

A fact.or.ial experimental design was used in all experiments. 

Parameters studied were the main effects of the variables 

(called factors) t)eing investigated and t.he inter.actions ne

tween them (Stuart, 19u7). This experimental desiyn is ap

propriate to exploratory studies where a nurnner. of factors 

are involved in determining the observed resµonse and where 

results must lead to recommendations that have application 

over. a wide range of conditions. Generally it is necessary 

to use more than one parameter when assessing the effect of 

an experiment-.al variable as the influence of the variable 

need not be tne same on all parameters. 
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ri'he most. import.ant. uet.erminant of the ra t.e of in vi t.ro in

crease c.1nd t.he 4ualit.y of t.he regenerat.ed plants is the ini-

ti.al explant. 'I'he impact. of explant. source, site on the 

oonor organ, orientar.ion relative to the basal medium, addi

t.ional wounding to the explant and size of the explant on 

growth yield were studied. 

rl'he in vitro reyeneration of Ornit.hogalums fr.om a wide range 

of organs; leaves (~el, 1981); bulh scales and i11florescence 

stalks (liussey, 1975, 1976); stiyma, style and ovary tissues 

( Chung et al., 1980) is reported .. in the literature. So as 

to avoid the loss of a season net.ween 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. Uulb material was avoided as this cannot. t1e 

used where single plant selections ar.e made in a hreeding 

programme. 'rhe hlOst. viable source of explants at ant.hes is 

was the hr.act in the axils from which t1ranches of the raceme 

arise. 

1'he explant fresh mass was a function of the initial explant 

size, while the explants most efficient. at biomass accumula

tion were those which differentiated plant.lets. 

Prior to ant.hesis, leaves are used as explants. They are 

abundant., obtained with minimal damage to the donor plant., 

anct relatively free of micro-organisms. rrhe donor plant 

and the site on the donor leaf fr.om which the explant was 

removed, significantly affect.ea the viability of the explant 

in t.enas of their ability to regenerate plantlet.s in vitro. 

'l'he lower. half of the leaf 1->r.oviaed the most viable 

explant.s, with less satisfactory explants being derived fr.om 

the upper half of the leaf. 

'l1t1e rate of biomass accumulation by explants depended on 

their. ability to differentiate plantlets. It appears that, 
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ouring the first twelve weeks of the culture period, wnen 

exµlanr.s accurnular.t:!d fre5h n,ass as a linear function of the 

culture period, fresh mass is determined by r.he number of 

plantlets on t.he explant. After t.wel ve weeks, the rate of 

fresh mass accumulation increased. Despite the variations 

to whictt r.hey are subject, t>oth planr.let callus and fresh 

masses provide information concernin<.J explant viaJ)ili ty. 

Variable effects of explant orientation on regenerative 

ahility are reported in the literature (Paek, 1982; Wietsma, 

19b4). Four orientations of Ornithoyalum 'Rollow' explants 

were comparea. Leaf explan ts were placed on the medium 

horizontally (with their abaxial or aoaxial surface in con

tact. with the meaiurn), and vertically (with polar or apolar 

orientation). The effect of explant orientation on growth 

varied dependiny on the donor plant. Aaverse effects were 

associateu with vertical apolar explant orientation, irn

plicar.ing auxin involvement wr1ich is transported in a polar 

direction 1.n !Jlant tissue. As a consequence of this 

orientation, plant.let initiation was delayed and fresh mass 

_accumulation by these 

By the eighth week in 

explants was slower in consequence. 

culture plant.let initiation was 

similar, regardless of explant orientation. 

fresh masses of the explants with vertical, 

tions were significantly lower. 

However, the 

apolar orienta-

Presumat)ly variations in the phytohorrnone 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 phytohorrnones in the tissues. 'l'ranspor.t of auxin via 

tne pnloem is likely to he negligible due to callose deposi

tion in sieve tunes 1.n response to wounding ( Esau, 19o0). 

'fhe existence of gradients in regenerative anili ty 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 ej?idermis, cortex, xylem 
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an<..1 pit.n (Uoldsmit.h, 1977) in secondary auxin transport.. 

8t..1.rnulat.ion of plant.let. init.iatiou in response to wounding 

is extensively reported in the literature (ltussey, 1976: van 

Aar t.r i j k °' Blom-Bar nhoorn, 1963: J!aek, 1982 and Doug las, 

1985). A grid of small s4uares pat.tern cut. inr.o the sur

face ot Ornitho9alurn 'Rollow' explant.s was found_t.o inhibit. 

plant.let. initiation on explants altnough the suhsequent dif-. 
ferentiation of these plant.lets on explants was unaffected. 

vJounding result.s in a biphasic r_~sponse (Macnicol, 1976). 

'I1he initial response or 11 wound 11 resf.Jiration lasts 15 - 40 

minutes and is unrelated to plant.let initiation (Macnicol, 

1976). The II induced II or "developed II respiration occurs 

aft.er l 2 hours and may last. several days ( Macnicol, 

l ':J76). The magnitude of the latter respiration depends on 

t.he exteut of DNA anci protein synthesis (Macnicol, 1976), 

but. is indefJendent. of the age of the explant.. \Yhere wound

iuy has a stimulatory ef feet, this probat)ly resul t.s from the 

increased citric acid cycle, 1->ent.ose phosphate })at.hway and 

glycolyt-.ic activity (Macnicol, 1~76). The effect. of wound

iny aepends on the explant's ability to recover from 

memhrane damage ( van Aartr i j k, Blom-Barnhoorn & 13ruinsma, 

1985 h). Macnicol (1976) ohserved an inverse relationship 

between ener'-_}y charqe and the distc;ince from the wound 

surface. The wound ef feet ext.ends 2 - 5 mm from the cu;: 

surface ( van A art r i j k & 131 o rn- Barn ho or n, l 9 8 3 ) • Th~ 

decreased ability of Orni thogalum 'Rollow' explants to in

itiate plant.lets in response to wounding was prohahly a con

sequence ot the energy required to restore memhrane 

integrity. 

Metabolic cnanges in response to wounding are similar to 

those which occur in response to plant.let initiation (Patel 

& Uerlyn, 1983: Macnicol, 1976). To determine to what ex

tent plant.lets arise in association with wound surfaces on 

t.he leaf explants, the regenerative ahility of (1,0 x 1,0 
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cm; 0,5 x 1,0 era; 0,5 x 0,S cm) ex_lJlants were com_FJarec.1. 

1Jlc1nt.lets ;.-.,ere found to arise in association with wound sur

faces on the exµlant, r.at-.her than randomly distr.ibut.ed on 

the exf->lant. 'l'he r.eyenerilt:ive ahility per. unit. wound sur-

face area remained constant: for the explant sizes test:ea, 

irrespective uf the wound surface area of the explant. 

Growt:n yield is determined by the chemical corn_lJosi t:ion and 

the ~t1ysical 4uali ties of the med i urn. 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. 'l'he influence of phytohormones, carbohydrates, 

agar anct pH-value on growth yield are discussed. Since t.ne 

discovery by Skooy & Miller (1957) that organoyenesis could 

be inducea t)y adjusting the auxin cyt:okinin t1a lance in the 

medium, in vi t:ro tech11i4ues have been aµplied to many plant-. 

species. Hani.E-Julatiny tne benzylaminopurine (lJAP) and nap

thaleneacetic acia (NAA) contents of Nel's (1981) medium 

proved insufficient to induce plant:let initiation on Or

nithoyalum maculatum explants. Plantlet initiation on Or

nithoyalum 'Rollow' explants occurred in the absence of ex

ogenous phytohormones, indicating t.hat sufficient. levels of 

phytohormone were present in these tissues to satisfy the 

organogenic re4uirement. 

UnliKe Ornithoyalum thyrsoides, which was unaffected by the 

cytoK.inin content of the nutrient. medium (Hussey, 197b), BAP 

stirnulatea organogenesis (at concentrations between 1,0 and 

2,0 my .dm- 3 ) and fresh mass accumulation by Ornithogalum 

'rtollow' exµlants (at concentrat-.ions between 2,0 and 4,0 

3 · of-mg .drn- ) • 'I1he increasing genetic instability or-
nitnoyalum tnyrsoides on repeated suhcult-.ure, is attrihuted 

by Hussey (1976) to the decreasing ability for autonomous 

cytokinin synthesis ny Ornithoyalum thyrsoides tissues with 

repeated suhcultures. 
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A !::i.lyuificant interaction between µ11ytohor111ones in the 

meu i um occ urr ea, which a£ f ec teo µlantl et. ini ti a ti on and 

fresh mass accumulation by Ornithugaluw explant.s. As t.he 

level of BAP in the mediur.i increased, so the 01->timal level 

of NAA in t.he medium for hot-.h plantlet initiation and fresh 

ma s s a c cum u l a t ion de c r e a s ea . 11 he con c en t_r a t i on o f 

pt1ytonormones of 0, 1 mg. dm- 3 NAA and 2, 0 mg • dm- 3 BAP s ug

gested hy Nel (19()1) occurred within the concentration range 

ot phytohormones giving opt.imal yields. 

rrhe interaction hetween phytohorrnones and the carbohydrate 

balance in the meuium determined the rate and type of dif-

ferentiation ('I'ran Thanh Van, 1977). rI'he ahi li t.y of the 

ex_{..ilant to differentiate 1->lantlets was determined hy the 

genome with ornithogalum rnaculatum explants failing to dif

ferentiate plantlets under conditions suitahle for plant.let. 

aifferentiation t1y Orni thoyalum 'Hollow• explant.s. 

Only fJolysaccharides with an C\ - glycosyl raaical at. the 

non-reducing ena of the molecule are capable ot inducing or-

ganoyenesis (Jeffs & Northcote, 1967). Tnese molecules 

combine witn other molecules in tne presence of phytohor-

manes to exert their effect on aifferentiation. At the 

molecular level, this forms an inducer / repressor system 

(Shoemaker, Conche & Galhraith, 1986) which controls or

ganogenesis (Jeffs & Northcote, 1967). 

The for.lo in which explants utilise carhohydrates is deter

miued hy the species or clone (Maretzki, 1I'ho1,l °' Nickell, 

1~74), the concentration of carbohydrates in the medium, the 

stage of development of the explant (Jeffs°' Northcote, 

l'::J67) and environmental conditions (Tran rrhanh Van, 1981). 

According to Maretzki, Thom & Nickell ( 1974) glucose and 

sucrose, the major transport forms of carhohyctrates in the 

plant, are the two forms most likely to promote optimum 

growth. 
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sucr.o~e was iounu t_o st.imulat_e plant.let. initiation and 

biomass accumulat-_iou by urnit_hoyalu111 'Holluw' e~~plants, but 

only in the absence of phytohormones in the medium. Nel 

( 1981) suggested that 30 g .dm- 3 sucrose was opt_imal for 

pldnt.let initiation on agar solidified media. Callus for-

mat.ion on Ornithogalum rnaculatum explants was stimulated by 

increasing the sucrose content of the cul tur.e medium. An 

interaction occurred het:ween carbohydrates in the culture 

medium - rnannose at concentrations greater than 30 g.dm- 3 in 

the presence of equivc:1.lent or lower sucrose concentrations 

inhibited iresh mass accumulation by Or.nithogalum 'Hollow' 

explants. In the absence of phyt_ohormones, 10 y .dm- 3 

sucrose was re4uired in tissue culture media of Ornithogalum 

'H.ollow' before fresh Indss accumulation occurred. 

In addition to their. nutritional role in culture media, car.-

.bohydr.ates exert an osmotic effect. 'l1he sol uhle concentra-

tion deter.mines the water pot_ential of the culture medium 

(Noggle & ~ritz, 197G), which initially, or after six weeks 

of explant subculture, was not found to constitute a stress 

factor.. ~Jhile a drop in water potential during culture may 

iuit.ially stimulate oryanogenesis {Yoshioa, Kobayashi & 

Yoshida, 1973) later. growth inhibition is often a con

sequence (Dunwell & Thur.ling, 1985). 

'l1hat the adverse effects of supraopt_imal sucrose concentra

tions on growth cannot be in t.erpreted as the result of os

motic stress was demonstrated by '11 akayarna & Mi sawa ( 1980) 

who were ahle to alleviate the adverse effects of supra

optimal sucrose concentrations on growth by raising the salt 

content of the nutrient medium. 

The optimum agar concentration in Nel's (1981) medium de

pended on t.he factors being investigated and the car

bohydrate content of the nutrient medium. A significant. in

teraction occurred between the agar and sucrose in culture 
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;nedia \vi th the hiyhest. inciuence of 1;lant.let.s on media con

t.a1.niny more t.han 15, ~ y .dm-J a~ar at 30, u g .drn- 3 sucrose. 

1- resh and dry mass accurnula tion was st.imulateu by t.he aydr, 

nowever, 15, 0 and 20, U g .dm- 3 agar respectively proved 

inhibitory. T11e water content of the tissue was unaffected 

hy the ayar content of the rneuiurn, althougt1 media containiny 

ayar showed sigruficantly higt1er water potentials. r.han those 

lacking ayar. 

The effect of agar on growth is helieved to result from the 

reduced contact. between t.he explant and the medium, which 

r.aises t.he transpirar.ion rat.e of the explant (Yoshida, 

Kobayashi & Yoshida, 1973), reducing the tolerance of the 

ex~lant. for low medium water potentials. 

According to Reinert & Yeom~H: ( 1982) media are yenerally 

µoorly buffered at the pH-values most commonly ut.ilised for 

growth. The buffering capacity of Nel's (1981) medium was 

m.1.nimal between pH 3,0 and pH 8,0. Neither the addition ot 

f)hytohormones to the meoiurn, nor autoclaviny, significantly 

affected the huffering capacity of ~el's (1981) medium. 

Although medium acidification which was attributed to media 

interactions (SKirvin et al., 198b) occurred between pH 6,7 

and pH 9, 02, the ef feet was so slight as to be almost 

negligible, and was removed hy r.he addition of agar to cul

ture media (Singha, 1982). 

Martin & Hose ( 1976) observed that medium pli affected the 

form in which nitrogen was removed fr.om the medium by the 

explant. Fr.om pH 6,2 to pH7,l ammonium, hut not nitrate, 

was utilised. At pH 5, 6 both ammonium and nitrate were 

utilised, while at pll 4,8, nitrate was used in preference to 

anunonium. As nitrogen and aramoniurn are the major buffering 

components of the med.1.um, the.1.r utilisation affects medium 

pH. 

Skirvin et al. (1906) noted that explants modify the pH of 
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t.he cult.urt! meuia so t.ha t., reyctrdless of ini t.ial pH, t.r1e 

fiudl µH of t.he 1.1eu1.um lies within a narrov, banu. 

'l'o st.uciy t:he ef feet of a given _µH on growth, a K 2 HPO
4 

-

c1.t.ric acic.1 buffer combination was included in the nutrient 

mecnurn. 'l'he bu£ fer was chosen because of i t:s wide buffer

iny capctbility. A toxic effect of this buffer. on yrowt.h 

was observea. Few plant.lets were ini tiat.ed on explants un-

der t:he exµerimentctl conditions. However, maximum 

chlorophyll reteution hy explant tissues occurred on media 

containing tne highest-. buffer concentrations. 

The adverse effect of pH on '::3rowth has been ar.tributeu to 

its effect on nutrient and phytohormone availability. A 

logarithmic relationship was established betwee11 the pH

value and the water µotential of Nel's (1981) medium. The 

water ~otential gives an indication of the solute concentra

tions in media and thus tne nutrient availahility. 

In t\el's (1981) medium most nutrients were available for 

yrowt.h 1.n the pH range µ11 5, 6 to µii 6, 5 at the heginniny of 

the culture IJer 1.od. At: pH-values higher than pU 7, 0 a 

wnite precipitate, probably calcium orthoJJhosphat.e, formed 

when buffer was adc..ied to the nutrient rnediurn. Aft.er six 

weeks in culture the situation was reversea and solute 

availahilir.y was minimal between pH 5,6 and pH 6,5. 

Although plant.let initiation was unaffected by pH-values he

tween pH 5,0 and pH 7,U, optimum fresh mass accumulation oc

currea between fJli 5, u and pH 6, k) (after three weeks), and pH 

5,IJ and pH 6,5 (after six weeks), in culture. Optimum dry 

mass accumulation occurred between pH 5,5 and pH 7,0. 

iv1artin, H.ose & Hui ( 1977) attrihutecl the low dry masses at 

pH 5,0 to the low rate of carbohydrate conversion to 

l)iomass, as a result of the 1:1etabolic energy required for 

maintain1.ny tissues cultured at low pH. The percentage 

moisture content of explant:s was unaffected hy pH. 
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'l'he conta1111.nation visible on explants was highest at !,)H ex-

t.remes (µU 5,kJ d11d µH 7,0). These corresporni to rneu.1.a 

!laving tne highest tiOlut.e concentrations at. the enu of the 

cul tu.re _fJer.1.ou ana pr.obc1nly 1.nu1.cate the abili t.y of micro

oryanisms and pldnt tissues to com_fJete for resources under 

tne env 1.ronrnental conui tions exist1.ny iu vi t.ro. 

In 1,>rdctice it has t)een observed that the optimal cultural 

environment is the one th<lt most closely simulates the 

plant. 1 s nd tural habitat. 

'I'he ef feet of culture teMperature on oryanogenesis in vi t:ro 

is largely attrihuted to its effect on phytohormone 

concentrdtions. 'i1he incidence of plant.lets and the fresh 

mass or explants was optimal at culture temperatures from 

22° to 32° c. At a temperature of 15° C, plant.let initia

tion and tr.esh mass accumulation were inhibit.ea. The 

cnlor.01-Jhyll content of tnese tissues was hiyh, as was the 

1.ncidence of callus. Similar results obtained t)y Amasino & 

Hiller ( 1~83) were attributed to the reduced cyt:oKinin 

levels in tissues cultured at high temperatures. 

In analysing the relationship hetween the in vitro explant 

and its environment in t.erms of gr.owU1 yield, little infor

mation was gdined ahout r.he rundamental physiological 

processes that control the response of plant.s to t.heir. 

environment. However., valuable clues are obtained (Uunt, 

1978). 
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A study of factors affecting morphogenesis by Orni thogal um 

'Rollow' and Or.ni thoyalum maculatum explants was made to 

facilitat.e the rapiu multiplication of products of the 

breeding programme of the Vegetc;1.ble and Ornament.al Plant l<e

sear.c!l Institute in South Africa. 

The wat-.er pote11tial of .t-Jel' s ( 1981) medium declined insuffi

ciently over the culture per.ioa to constitute a physical 

stress on explants. The inclusion of agar and a citrate -

K2HPu4 buffer system lowered the water. potential of the cul-

tur.e medium significantly. ~•ihere the medium was buffered, 

a y_uaar.atic .relationship existed hetween medium water poten

tial and pH. During culture, most nutrients were utilised 

between pH 5.6 and pll 6.5. 

rrhe buffering Cd_tJacity of the culture medium was minimal be

tween fJH 3. 0 and pH 8. D. Neither t.he addition of r '1ytohor-

1nones to the meoium, nor autoclaving significantly affected 

the buffering capacity of the medium. 

ornithogalum maculatum explants failed to differentiate 

plantlets under the cul tur.e conditions in this study. 
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ri' he n urn be r of pl a n t l e r. s d i f t er en t i a t ed on U r n i t hoy a l um 

'H.ollow' explc1nt.s was linearly relateu to U1e culture 

1-Jer.1.od. 

Prior to anthesis, leaf explant.s were used. A gradient in 

regenerative ability favouring 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 in association with wound surfaces on the 

explant. The number of plant.lets initiated was propor-

tional to the wound surface on the explant. Additional 

wounding to explants inhibited morphogenesis, prohably as a 

result. of the diversion of energy away front organ o gen i c 

processes in order to restore membrane integrity. 

Aft.er anthesis, the viability of leaf explants decreased. 

Ur.acts in the axils of raceme branches were the best ex

plants at. r.his stage in the developr,1ent of the donor plant. 

Napthaleneacetic acid (NAA) and benzylaminopurine (UAP) 

while not essential for morphogenesis, stimulated plantlet 

initiation on explants. Imbalances in tne phytohorn~ne 

concent.rc. .... ions affected plantlet incidence and morphology. 

The higher the HAP concentration, the lower the optimal NAA 

concentration. 

Plant.let initiation was optimal at sucrose concentrations of 

30 g.um- 3 and was suspended at concentrations lower than 10 

g .dm- 3 • Supra- optimal sucrose concentrations inhibited 

shoot elongation, stimulating plant.let initiation only where 

phytohorrnones were not added to the culture medium. .koot 

in i t i at i on on l y 

30 g.drn- 3 and 60 

occurred at sucrose concentrar.ions between 

d -3 g. m • 

'l' he pH - v a 1 u e and agar content of the culture med i um was 
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v,1it.hout. effect. on plant.let .1nit.iation, alt.houyh t.be use of 

the buffer pair, cit.rate ctnd h 2 HP0
4 

inhibit.ell plant.let. 

ini t.ia t..1on. 

Significantly more plantlet.s were initiated on explant.s cul

tured bet.ween 22 and 32°c than at. 1s 0 c. Leaf development. 

was st.ih1ulat:ed at. temperatures bet.ween 22 and 2s 0 c, while 

the diameter of bulbs increased to a maximum at 32°c. 

Callus formation was stimulated ny increasing sucrose con

·cent.rat.ions in cul t.ure media and inhibi t.ed by increasing 

culture t:ernperat:ure. 

For t.tle first. t.welve weeks in culture, the rate of fresh 

mass accumulation by explant.s was dependent. on the rat.e of 

i.ilant.let ana callus format.ion. 

The phyt.ohormone concentration affected fresh mass accuntula-

tion ny influencing differentiation. I11creasing the 

cytokiniu concentration in t.ne culture medium necessitated a 

reduct.ion in the d.UXin content of the medium in order t.o 

acnieve optimal fresh mass accumulation. 

The effect. of the interact.ion bet.ween carbohydrates and 

ot.ller medium constituents det.ermineu the rate of fresh mass 

accumulation. nannose at. 30 g.dm- 3 interacted with sucrose 

at. equivalent. or lower concentrations delaying the rate of 

fresh mass accumulation by explant.s. 

Fresh mass accu1~·1ulat.ion was optimal at agar concentra t.ions 

between 5 and 15 y.dm- 3 , at. pH-values bet.ween pH 5,0 and pH 

6,5 and at culture temperatures bet.ween 22 and 32°c. 

The ratio of fresh to dry mass remained constant for all 

treatments. Dry mass accumulation was stimulated by in-

creased carbohyurate concentrations, pH-values in the range 

1A·I 5,5 to pH 7,0 and agar concentrations below 20,U g.dm- 3 • 
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'i'he averc1ye 11,oisture cont.ent ot Urni t.hoyalurn '1<.ollow' and 

ornitnoyalu1a maculc1tum explants was 98, 7%. The moist.ure 

content or explants was unatfected t)y altering the medium 

carr)ohydrate content, pU-value or ayar concentration as 

descr.1becJ in this study. 

'The chloropnyll content of explants decreased in response to 

increasing sucrose concentrations. Decreasing pH-values 

and buffer concentrations in culture media and increasiny 

culture temperature also reduced·- the chlorophyll content of 

eX.fJlc1nts. 'l'ne agar content of the culture medi urn did not 

affect tt1e chlorophyll content of explants. 

'l'he 

the 

contamination visible on explants varied depending on 

of development of the explant source, 

mat.erial. 

age and 

Highest 

stage 

contamination rates occurred at pH ex-

tremes and prohanly indicatecJ that contaminating rnicro

orgauisrns hdd a competitive advant.age over explant material 

unuer tnese concti tions. Culture temµera ture was without 

effect on contamination rates. 
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Uie faktore wat rnorfogenese by Ornithogalum 'Rollow' en Or

n1.ti'loyalurn maculatum e.ksplanr.e t)einvloed is hestudeer r.en 

einae uie vinnige vermeerdering tydens die teelprogram van 

ct1.e Navorsingsinstituut vir Groente en Sierplante te 

veryemaklik. 

Uie waterpotensiaal van Nel (1981) se medium verander mini

maal tydens die groeiper iode en die eksplante was dus nie 

aan enige tisiese vogspanning onderwerp nie. Indien agar 

en 'n si traat - K2 HP04 buffersisteem hy die medium inges

luit was, net die waterpotensiaal hetekenisvol verlaag. 'n 

Kwadratiese verband tussen die waterpotensiaal van die 

meaium en die pH is waargeneem wanneer 'n bufferisisteem in 

d i e rn e d i um i n g e s l u it i s • O µ t i m a le v e r b r u i k v a n 

voedingselernente in .k.ul tuur is tussen 'n pH van 5, 6 en 6, 5 

waargeneem. 

Die t>Ufferkapasateit van die mediulil was m1.nimaal tussen pH 

3,0 en 8,0. Byvoeging van groeistowwe en autoklavering het 

n 1. e o l. e t1 u f f e r k a pa s i t e i t v a n d i e me d i um he t eke n i s v o l 

t)elnvloea nie. 
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Geen d i f f e r. en s i a s i e van pl an t. j i es he t. v o or. y e .k or:1 by Or. -

111. t!1oyalum maculatum eksµlante nie. Die aantal plant.jies 

wat vanaf Or.nitnogaluh1 'Rollow' eksplante yedifferens1.eer 

het, was ver.want. aan die t.yuper k in kul t.uur.. 

8 l a a r. e k s p 1 a n te is v o or ant. e se gebr.uik. Die 
• II . I . II 

r.egener.asieverrnoe van c..il.e blare het. n gradient. gevor.rn rnet. 

die optima le gehied aan die blaarhasis. Indien eksplante 

vanat sommige donor.plant.e op • n apol~r.e, ver.tikale rnanier 
. II • • • 

georienteer is, was 1.nisidsie van plantjies vertraag. 

Hier.die waarneming dui op die t)et.rokkenheid van ouksiene in 

ctie proses. 

Plant.jies is in uie omgewing van die wondingsgebied op die 

eksplante gevorm. IJie aant.al plantjies wat. gevorm het. was 

ewereuiy aan oie omvany van die wondingsoppervlak. Mor

foyenese is egter geinhiheer indien die eksplant.e verder. 

(Jeworn..i 1.s: moontlik word die energie gehruik om memhraanin

teyri t.eit t.e tH:rst.el in plaas van or.ganogenese. 

Die vermo~ 01a plantjies vanaf blaareksplant.e t.e regenereer 

neem af as die donor.plant. reeds gehlom het. In hierdie 

geval was die skutnlaartjies in die oksels van die hloeis

tele die hest.e om t.e gebruik as e.ksplante. 

Naftaleenasynsuur (NAA) en bensielaminopurien (UAP) was nie 

noodsaklik vir morfogenese nie ruaar het. wel die inisiasie 

van JJlant.jies op die eks~lant.e gestimuleer. Ongeballan

seerde groeistof konsent.rasies het die hoeveelheid plantjies 

wat gevorrn het, sowel as nul morfoloyie, be!nvloed. 'n 
,, . 

Hoer UAP-konsenr.ras1.e het. 'n laer opt.imale NAA-konsentrasie 

tot gevolg yehact. 

Die optimale sukrosekonsent.rasie vir plantinisiasie was 30 

g. dm- 3 en by konsent.rasies laer as 10 g. dm- 3 is plant j i es 

nie gevor.m n1.e. SuJJra-opt.imale sukrosekonsentrasies het 

die verlenying van spruit.e geinhiheer en plantinisiasie in 
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rneuia sonaer ~roe.1stowvJe gestirnuleer. ~Jort.elvornuny het. 

v0or~ek01~1 t)y sukrosekonsent.rusies r.ussen 30 y. dm- 3 en 60 
-3 y • Lim • 

Vie pH-waarde en die agarkonsentrasie van die medium het nie 

plantinisiasie ne1nvloed nie t.erwyl die hufferpadr, sitraat. 

en h 2 HP04 , plantinisiasie ge1nhibeer het. 

Kulture geweex. tussen 22°c en 32°c het netekenisvol meer 

plantjies as die by 1s 0 c gelewer. Temperature tussen 22°c 

en 25°c het blaarontwikkeling gestimuleer terwyl die hol

ueursn.1t rnaksimaal was by 32°c. 

Kallusvorming is gestimuleer deur toenemende sukrosekon-

sentrasies 

temperatuur. 

in <.lie medium en . . 
ge.1nh.1heer deur verhoogde 

Oie t.oendrne in varsrnassa van kul ture .1s gedurende die eerste 

twaalf weke deur die mate van plant- en kallusproduksie 

bepaal. 

Die x.onsentrasie groeistowwe in die medium speel oak 'n rol 

tydens varsr.1assatoename aangesien dit differensiasie 

beinvloect het.. Verhoogde sitokinienkonsentrasies in die 

iJt..uium gaan gepaard met I n verlaagde ouksienkonsent:rasie ten 

einde 'n optimale toename in varsmassa t.e verkry. 

Varsmassatoename is aeur die interaksie tussen koolhidrate 

en ander best.andele in die medium bepaal. Die interaksie 

t.ussen mannose ( 30 g .dm- 3 ) en sukrose van I n gelyke of laer 

konsentrasie het aie toename ir1 varsrnassa van eksplante 

vertraay. 

Varsmassatoename was optimaal by agarkonsentrasies tussen 5 

g.drn- 3 en 15 g.drn- 3 , pH waardes tussen pH 5 en 6,5 en tem

perature tussen 22°c en 32°c. 
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Uie ver.houdiny t.ussen vars- en droe massa het. koustant. yebly 

oor al die behanllelin(Js. 'n 'I'oenanle in dro~ massa is yes-

tirnuleer. cteur 'n toen,..une in koulhidraatkonsenr.r.asies, }>H

waardes t.ussen pH 5,5 tot 7,U asook ayarkonsentrasies laer 

as 20 g.drn- 3 • 

Die yerniddelde voginhoud van Orni thogalum 'Rollow·• en 

Ornithogalum maculaturn eksplante was 98.7%. Die voyinhoud 

van eksplante is nie deur die koolhidraatkonsentrasie, pH

waarde of agarkonsentrasie, soos heskryf, helnvloed nie. 

!-let verhoogde suKrosekonsentr.asies het die chlorofilinhoud 

van die eksplante verlaag. Chlorofilinhouci het ook ver-

minder as gevolg van verlaagde pH-waardes en nufferkon

sentrasies in die media asook 'n toename in temperatuur. 

Ayarkonsentrasies het geen invloed op die chlorofilinhoud 

gehad nie. 

Variasie 1.n visuele Kontaminasie van eksplante is deur die 

hron van eksplante, oudeniom asook die stadium van ontwik-

K.eling van die donorweefsel nefnvloed. Die hoogste frek-

wensie kontaminasie het voorgekom by µ11 uiterstes. Mikro-

organisrnes is waarskynlik tydens Kornpet.i r.isie ender hierdie 

toestande bevoordeel. 'l'emperatuur het nie die mate Vdn 

kuuta1~1inasie be1nv loed nie. 
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APPENDIX. 

The general backaround of the Ornithogalum 'Rollow~ 

0. ·alticolu:11 (Dainsldoofvlei) 

O. fergusso~iae (Kruisfontein) 

X 

X 

0. fln\·issimum 

O. thyrsoides 
(Robberg) I 

(Porterville) 

Q. alticolum (Bainskloof) x Q. flavissimum (Rehberg) 

Q. flavissiruum (Robberg) x Q. miniatuill (Caledon) 

O. thyrsoides 
TPorte rvi lle) 

. 8374 X 
I 
I 
I 
I 

8395 

8388 

f 
I 
I 
I 

8397 

(Q. alticolum (Bainskloof) 

X r 
I 
I 
I 

0 
. T 

_. con1curn 

75/103/33 cul ti var 'Rollow'. 

x Q. brownleii (Grahamsto~n)) 

8374 

TQ. conicum wa5 derived frorr. crosses of this species out of the following areas:

Elandsbaai, Snorkfontein, Aurora and Duikerfontein. 

8388 
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