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ABSTRACT

Lachenalia is a genus endemic to South Africa and Namibia. It is propagated
vegetatively by daughter bulbs, bulbils, tissue culture and leaf cuttings. In
Europe, the demand for Lachenalia bulbs is estimated at 20 million per annum
and thus the need for a rapid and cheap way of propagation. Of all the vegetative
methods for propagating Lachenalia, the easiest and cheapest method is by leaf
cuttings. Cook first reported this method of propagation in 1931. Nothing was
done at that time, as the natural way of propagation sufficed for the demand. No

efforts were, however, made to optimize the technique of leaf cuttings.

In this study various aspects aimed at optimizing the production of bulblets by
leaf cuttings of Lachenalia were studied. These included: stage of the donor

(mother) plant, leaf section position, medium, disinfectants, and starch deposition




1

in leaves and bulbs during the growing season. Other aspects studied included

the ontogenetic origin of bulblets and roots on leaf cutting.

The optimal physiological stage to take leaf cuttings was found to be when the
inflorescence was visible between the sheath of the leaves and the worst stage
was at full flowering. As the donor plant matures, there was a reduction in the
number, size and mass of bulblets produced by leaf cuttings. The proximal

sections performed better than their distal counterparts in all variables evaluated.

Considering cost and time, applying disinfectants when planting the leaf cuttings
seem not to be necessary. Decomposed bark was the best medium for

Lachenalia leaf cuttings.

Bulblets were mostly formed on the adaxial leaf surface on Lachenalia leaf
cuttings and developed as a result of the division of the epidermal cells. Both the
leaf cutting and the bulblet formed roots. On the leaf cuttings, roots originated
from the parenchyma cells associated with the vascular system while on the
bulblets they developed from the base of the meristematic mass of cells, which
formed the bulblets, and were attached to the bulblet. In a TEM study of the leaf,
no starch was observed in leaf sections. Starch was, however, observed in all
sections from bulb parts. More starch grains were observed on the inflorescence

stalk than in other bulb parts.
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df — degree of freedom
SS — sum of squares
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MSE — mean square error
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CHAPTER 1

INTRODUCTION

1.1 The genus Lachenalia.

Lachenalia Jacq.f. ex Murray is a genus consi

(Duncan, 1988). They are bulbous geoq
Hyacinthaceae (formerly Liliaceae) and are en

(Duncan, 1988; Perrignon, 1992). Lachenalia

sting of approximately 110 species

hytes belonging to the family
demic to South Africa and Namibia

mostly grows in the Southern and

Southwestern Cape and Namaqualand (Duncan, 1988).

The bulb of Lachenalia is tunicate, having an o
covering which protects it from drying out an
The fleshy bulb consists of inner and out
rudimentary stem. The outer bulb-scales functi
reserve food material while inner bulb-scales
growing shoot, which prcduces leaves and flow
of bulbs vary from species to species. One, tw

the length, number and shape of leaves vary ag

Three different forms of inflorescences are enc

spike, where the flowers are sessile and attach

uter, soft or hard dry membranous
d physical injury (Duncan, 1988).
er bulb-scales, and a disc-like,
oh as storage organs and contain
(leaf bases) protect the central
lers annually. The shape and size
o or more leaves are formed and

cording to species.

puntered in the genus. Firstly the

ed directly to the rachis; secondly







1.2 Economic importance.

Lachenalia cultivars can be used as cut flowers, potted bulbs, and garden bulbs
(Niederwieser et al, 1997). Lachenalia cultiyars are multiplied vegetatively to
obtain true to type planting material. The potential market for selling Lachenalia
pot plants in Europe is estimated at twenty million bulbs per annum
(Niederwieser et al; 1997), hence the need for a rapid and cheap way of

propagation.

The local Lachenalia pot plant market is very small as compared to the export
market. As the production of bulbs is in South Africa, and due to the amount of
technical work needed on Lachenalia growinq;, it also creates job opportunities
for unemployed South Africans. Foreign capitdl is earned by exporting dry bulbs

to Europe where the bulbs are grown and sold s pot plants (Figure 1.2).
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Figure 1.2: Flow diagram of Lachenalia cultivar development as done at ARC-

Roodeplaat.




1.3 Vegetative propagation of Lachenalia.

Some Lachenalia cultivars are sterile but most
Comm.). Lachenalia cultivars are propagated
that exist when seeds are used and thus,

obtained. The variation that exists is interestin

two different cultivars, which originated from tH

When seeds are used for propagation, plants
where-as if leaf cuttings are used; they flower

species reproduce readily by forming daughter

Lachenalia can be propagated vegetatively in
bulbils, leaf-cuttings and tissue culture (Dunc
Niederwieser and Vcelar, 1990; Perrignon, 19
Duncan (1988), offsets (natural) are side bulb4
bulb and are separated during the dormant of
which form naturally on the adaxial surface of |

stolons which develop at the base of the bulb.

As far as leaf cuttings are concerned, it has b

leaves which were cut or broken off and left o

remained in a fresh condition for a considera

are fertile (Riana Kleynhans, pers.
vegetatively because of variations

true to type materials cannot be

g, as at ARC-Roodeplaat, there are

€ same parents.

take three years to come to flower
a year or two sooner. A number of

bulbs.

a number of ways such as offsets,
an, 1988; Klesser and Nel, 1976;
02; Suh et al, 1997). According to
5 which develop inside the mother
eriod whereas bulbils are bulblets

eaf bases, and at the end of short

een reported that any Lachenalia
N moist gravel did not shrivel, but

ble time (Cook, 1931). On closer




examination it was noticed that the leaves ware beginning to heal over the point
of severance, not by ordinary callus, but by means of a corky covering and
bulblets were formed (Cook, 1931). Nothing was done at that time to use leaves

as cuttings for propagation because the stogks of bulbs were sufficiently large

and hence the need to optimize the leaf cutting method of propagation.

enough for the requirements. As for now, thI demand for bulbs had increased
According to Naylor ( 1940), cuttings from thie flower stalk of both Lachenalia
tricolor Thunb. and Hyacinthus orientalis L. Getrude, develop bulblets after four
weeks in moist sand. Tissue culture is used for the multiplication of new hybrid
Cultivars at ARC-Roodeplaat. It is also a means of producing virus free materials,

which in Lachenalia, is an important consideratjon (Duncan, 1988).

1.4 Problem statement.

The Lachenalia international pot plant market i$ hampered by lack of a sufficient
quantity of bulbs and thus the need for a rapid means of propagation. Lachenalia
can be propagated by offsets, but the negative aspect about offsets is that only
one to four offsets can be formed on one mother bulb for most cultivars. The
same applies to bulbils. The major problem with these two methods is that not all
varieties have the potential of forming daughter bulbs. Tissue culture is a rapid
way of propagating Lachenalia although the |disadvantage is that it is more

expensive than leaf cuttings. Propagation of [achenalia by leaf cuttings is a




cheaper method of multiplication than tissue |culture and can also be applicable
to small-scale farmers and for rural community projects. More information about

refinement of this method is however, required.

1.5 Research objectives.

The main objective of this research investigation was to optimize the production
of Lachenalia bulblets by leaf cuttings. In addition, the origin of bulblets on leaf

cutting was determined by means of light and electron microscopy.




CHAPTER 2
LITERATURE REVIEW: VEGETA

BULBOUS PLANTS.

2.1 Introduction.

It is important to understand the meaning of v
plants before the two can be dealt with toget

use of a source (mother) plant to produce pla

New roots and/or shoots are regenerated on st

layers) (Hartmann et a/, 1990). Bulbous plants

corms or tubers.

According to Rockwell and Grayson (1953), b
of dormancy waiting to resume growth, only

conditions of temperature and moisture. Doerflj

bud sheathed in layers of food-storing fleshy wi

to a tough flat disc or basal plate (compact stem

the roots and the stem of the flower or inflorescd

A corm has an enlarged stem (basal plate) that

(De Hertogh and Le Nard 1993). Tubers are cot

have a basal plate (Rockwell and Grayson, 19

TIVE PROPAGATION OF

egetative propagation and bulbous
her. Vegetative propagation is the
nts identical in genotype (cloning).
ems, leaves, or roots (cuttings and

include those that produce bulbs,

ylbs in reality, are buds, in a state

¢ at the right season or proper
hger (1973) describes a bulb as a
hite leaves called scales attached
) and from this base emerge both

2NCce.

has distinct nodes and internodes
mposed of solid tissue, but do not

53). It is a modified stem, which




have discernible 'eyes', or buds that devglop into new growth shoots e.g.

potatoes (Rockwell and Grayson, 1'953). Since Lachenalia has a true bulb, the

rest of this study will be confined to bulbs.

To multiply a particular variety of bulb rapidly, it is often necessary to use artificial

techniques because under natural conditions,

the rate of natural multiplication is

generally slow. Bulbs can be propagated vegetatively by offsets, bulbils, division,

scooping, scales, leaf-cuttings, tissue culture, chipping, cross-cutting, bulblets

and scoring (Rockwell and Grayson, 1953; Doerflinger, 1973: Browse, 1979:

Duncan, 1988: Van der Linde, 1992; Van Leel

Mori et al, 1997; Sander-Ziv et al, 1997).

2.2 Vegetative methods of propagating bulbous

a) Leaf-cuttings.

When propagating by leaf cuttings, the leaf 1
plants. Adventitious buds and adventitious roots
develop into a new plant (Hartmann et al, 1990)

can help to induce plantlet formation on the wou

ywen and van der Weijden, 1997;

plants.

lade is utilized in initiating new

form at the base of the leaf and
. Cutting across prominent veins

Nd (Rees, 1972).




Detached easter lily leaves will form bulblets at the leaf base when put on wet
medium (Miller, 1992b). The detached leaf ¢uttings should be buried 1.5cm in
rﬁoist vermiculite at 70°F. The leaf cutting form an average of about two bulblets
per leaf. Leaves from the upper portion of the plant provide the best success

(80%) regeneration, and basal leaves the lowest (40%) (Miller, 1992b).

Cuttings from leaves such as Cape cowslips (Lachenalia), snow drops
(Galanthus) and snowflakes (Leucojum) tend|to wilt quickly, so they should be
kept turgid by planting as soon as possible (Browse, 1979). Leaf-cuttings from
bulbous plants such as Hyacinthus, that have tender leaves may well rot and die
uniess they are handled as little as possible, planted carefully and sprayed

carefully with fungicide (Browse, 1979).

Cook (1931) first reported the production of| bulblets in vivo from leaves of
Lachenalia. Since then, propagation of Lachenalia by this method has been
referred to by numerous authors (Mahlstede and Haber, 1957; Crosby, 1986;
Duncan, 1988; Perrignon, 1992; Suh et al, 1996). Whole leaf cuttings perform
better than their half-length counterparts but if the maximum number of bulblets
is desired, leaves should be cut into lengths of eight or nine centimeter (Duncan,
1988, Perrignon, 1992). Tissue obtained from the proximal end of the leaf
produce more bulblets than those from the distal end, both in vitro (Niederwieser

and Vcelar, 1990) and in vivo (Perrignon, 1992).

10




b) Daughter bulbs.

Daughter bulbs (referred to as offsets in other literature) are side bulbs that

develop inside the mother bulb and are sepdrated from the mother bulb during

the dormant period (Duncan, 1988). According
Fogg (1974), offsets are those bulbs that are
parent bulb. These bulbs are big enough
Narcissus bulbs grow bigger year by year, it
bulbs of sufficient size to flower the following
bulbs, the mother-bulb disappears, but not be

capable of flowering the following year.

Rockwell and Grayson (1953) reported that a

to Doerflinger (1973) and Witham

formed at or near the base of the
to flower the following year e.g.
fragments into two to four smaller
year. With tulips and certain other

fore producing two to three bulbs

n offset starts as a bud and then

gradually increases in size until it breaks away from the mother bulb and

becomes independent from the mother bulb. TH
through offsets is that true to type plantin

Lachenalia species reproduce readily by this

e advantage of propagéting bulbs

g material is obtained. Not all

method (Duncan, 1988). In those

Species where daughter bulbs do appear, they appear in limited numbers, too

small for rapid propagation. Bulblets are tiny bulbs that develop below the ground

on some bulbs (Browse, 1979). In late sumn
gently; the bulb and bultblets should be planted

their own depth. Few species naturally produc

ner, bulblets should be removed
straight into the ground at twice

e daughter bulbs in any guantity,

11




some important species, such as Lilium auraty

number.

c) Bulbils.

Certain Lachenalia species produce small 4
above ground level in leaf axils. An example a
produce bulbils along the entire adaxial marg
may be removed at the end of the growing

(Duncan, 1988).

According to Browse (1979), bulbils are tiny b

above ground stems of certain species of li

flowering time, the bulbils are collected off the |

2.5 cm apart in a pot filled with compost or sim

placed in a cold frame. In autumn of the followit

im and L. tigrinum, produce a small

ulbs referred to as bulbils, at or

f this is L. bulbifera of which some

in of the leaf-base. These bulbils

season and stored until autumn

ulbs that grow in the. leaf axils on
ly such as Lilium tigrinum. After
blant as they mature. They are set
lar medium, covered with grit and

ng year, they are transplanted into

the ground (Browse, 1979). Lilies produce aerial bulbils, which are perfectly

formed, pea-sized miniature bulbs in leaf axils

plant soon after flowering (Doerfinger, 1973 and

. They fall away from the mother

| Fox, 1985). These bulbils, under

favourable condition begin to grow and become bulbs capable of flowering in a

year or two. Miller (1992b) reported that m

structures that are outgrowths of axillary buds

upright shoot. These are aerial bulbils and ar¢

)any species of Lilium produce

associated with the leaves of the

B

L

usually dark in colour; and are

12




comprised of several shortened scales and & meristem. Roots are usually not
seen on bulbils (Miller, 1992b). When these structures are removed and placed
in moist substrate, roots are formed, followed by leaf and shoot development.
Usually two to three years of growth is necessary for flowering to occur

depending on species and cultivar (Miller, 1992b).

A number of lily species such as Lilium candidum can be artificially induced to
produce bulbils by disbudding the plant just pefore flowering (Browse, 1979).
Bulbils will develop in the leaf axils during the [remainder of the growing season
and they are collected as they mature. They are planted in compost or a similar
medium. They are left for at least twelve months. until autumn of the following

year and are transplanted to open ground (Browse, 1979). Certain other plants

can also be artificially induced to produce bules (Browse, 1979; Rix, 1983 and
Bryan, 1989). The problem is that they are small and they normally flower, two

years after their formation (Duncan, 1988).
d) Chipping.

Chipping is a technique where a bulb is cut longitudinally into a number of
segments (chips) of equal size; by this action thd main growing point is destroyed

and the apical dominance is broken. In Chionodoxa, Galanthus, Muscari and

Scilla, the highest yield (number of bulbs and total weight) was obtained by

13




chipping as soon as possible after lifting (in gpring) (Van Leeuwen and Van der

Weijden, 1997). The highest yield was always obtained by planting the chips

immediately after chipping (van Leeuwen and van der Weijden, 1997).

In Eucomis comosa, the highest yield was obtained by chipping in summer and
twelve-week storage at 17° to 23°C (Van Leedwen and Van der Weijden, 1997).
Lifting the bulbs a year after chipping results|in loss of very small bulblets and
this lead to the decrease in propagation rate. “Outer” half-chips gave higher yield

than the “inner” halves (16.2 and 12.3 respectively) (Sandler-Ziv et al, 1997).

e) Scoring.

Flower bulbs can be produced in a short time by using a technique called scoring
which makes fewer, larger bulblets as there are less cut scale leaf surfaces as in
hyacinth (Browse, 1979). If the bulb is large, four scores can be made; if the bulb
is small, two scores at right angles will be enough (Browse, 1979). The scored
bulbs should be stored in a warm (21°C) dry environment for a day and this will
cause the cuts to open out (Browse, 1979). 'Fhe cut surface should be dusted
with a fungicide. Bulblets produced in this way usually require a further two to
three years to reach flowering size (Browse, 1979). This technique can be used
on many bulbous plants like hyacinth, Lachepalia, Muscari, Narcissus, Scilla,

Snowdrop (Galanthus), Snowflake (Leucojum) étc. (Browse, 1979).

14




f) Scooping.

Scooping is a technique that is halfway betw
and Grayson, 1953). Commercial growers
hyacinths as this increases the number of
(Rockwell and Grayson, 1953). Browse (1979

towards the end of the bulb’s dormant period.

Browse (1979) reported that to scoop the bul
damage, requires a special tool such as an
edge. This teaspoon should be used to cut ol
movement, leaving the rest of the bulb undis

scales exposed (Rockwell and Grayson, 1953;

Although it is possible to do this by knife, it is
bulb may become macerated and subject to
basal plate has been removed, the cut scale le

a fungicidal powder to minimize microbial att

upside down, with the scale leaf bases exp

containing dry sand (Browse, 1979).

The scooped bulbs should be placed at a f{

encourage callus formation on the scale leaf

een cutting and scaling (Rockwell

employ it in propagating garden

bulblets as compared to offsets

wrote that scooping is carried out

b successfully, and with minimum
pld teaspoon with one sharpened

it the basal plate in one scooping

turbed and the cut surface of all

Browse, 1979).

inadvisable as the center of the
rotting (Browse, 1979). Once the
af surfaces should be dusted with
ack. The bulb should be placed

osed, on a wire tray or a tray

emperature of at least 21°C to

pases and so further combat any

15




chance of infection; and the scooped bulbs sho
ensure that the scale leaves do not desid
cupboard is probably a suitable environment,
In about two to three months, new bulblets will
scale leaves (Browse, 1979). The bulbs are th
placed upside down so that the bulblets ar

compost.

In spring, the bulblets will grow and produd
gradually disintegrate (Browsé, 1979). At the
should be lifted, separated, and replanted. No
years before the flowering size is reached (Broy
used on many bulbous plants like hyacinth,

Scilla, Snowdrop (Galanthus), Snowflake (Leuc

g) Stem-layering.

Stem layering is an easier and quicker met
produces fewer new plants (Rockwell and Gra
greater numbers than they would normally form
all under normal conditicns. In lilies stem layel
the stem from the bulb; just as the flower withg

with a twisting motion (Rockwell and Grayson

=)
-

3
Y

L

uld be kept as dry as possible, but

cate (Browse, 1979). An airing

ut dampen the sand occasionally.

develop on the cut surfaces of the

en planted in pots, and should be

just below the surface of the

e leaves and the old bulb will
end of the season the bulblets

mally they can take three to four

vse, 1979). This technique can be

Lachenalia, Muscari, Narcissus,

pjum) etc. (Browse, 1979).

nod than scaling in lilies, but it
yson, 1953). Bulblets develop in

1, or where they could not form at

ing is accomplished by removing

or, by giving it a quick pull or jerk

1979). Stems are gathered and

16



heeled in, to about one third their length, in well-drained sandy soil or a half-and-

half mixture, by bulk, of sand and peatmoss| Placing the stems on a slant will

permit covering them with sash in an ordingry cold frame (an advantage with

late-flowering cultivars), as they can be held oyer in the frame until spring.

A modification of this method is to cut the stem back to 30.48cm or 60.96cm, all

leaves are removed, layered in sand or sand-peatmoss, covered a couple of

centimeters deep, in a frame until the bulbletd have been formed (Rockwell and

Grayson, 1953).

h) Crosscutting.

Bulbs that are slow to multiply naturally may |be divided by cutting across the

base of the bulb. This method has been widely|used in commercial production of

hyacinths and amaryllis (Mori et al, 1997). The bulb is left in one piece but the

cuts go through the basal plate and the apical meristem into the scales. The bulb

should then be kept in a warm place such as indoors in a polythene bag with

barely moist peat while the bulblet form. If possible, the bulbs should be stood

upside down so that the bulblets grow straight. When the bulblets are formed, the

whole bulb should be planted again upside down, and grown for a year. By the

end of this, the young buibs are large enough to detach and be grown on. When

the mother bulbs of Nerine sarniensis were placed directly on the medium

without curing after cross cutting, bulblets formation on rice-chaff charcoal

17



medium was better than that on vermiculite, s

1997). The curing treatment at 25°C for two v

and or perlite medium (Mori et al,

veeks appeared to be appropriate

as there was 100% bulblet formation, and larger bulbs were obtained. Bulblet

formation was not affected by the time of cros
(1997) show that larger mother bulbs produce

for about six months.

i) Bulblet formation on flower stems.
Plants that produce buiblets like hyacinth can
their bulblet production. This is done by remov
until bulblets develop in the leaf axils (Brov
sprayed with a liquid fungicide to prevent disea
deep, slope one side up to ground level. The tf
light compost. By autumn, bulblets will have
lower end of the stem (Browse, 1979). Theg
straight into the ground at twice their own depth
an easy method of producing bulblets, and the
microbial attack on the stem before the buibls

Bryan, 1989).

Miller (1992b) reported that stem bulblets in lil

scutting. The results of Mori et al

larger bulblets following incubation

be artificially induced to increase

ng the flower stem, and burying it

yse, 1979). The stem should be

ses. A trench should be dug 15cm

ench should be filled with sand or

developed in the leaf axils at the

e can be detached and planted
or be left in situ for a year This is
only difficulty likely to arise is the

pts are produced (Browse, 1979;

es are expanded buds from axils

of underground leaf nodes. The stem bulblets are complete and consist of roots,

18




scales, basal plate, and meristem. Bulbs are dug and the detached stem bulblets
are replanted in the field in August or September (Miller, 1992b). The principal
advantage of using stem bulblets relative to|scaling is the saving of full year

production time and that the clone is maintained (Miller, 1992b).

j) Scaling.

Some of the true bulbs can be propagated rapidly by an operation known as
scaling. Lilies are usually grown in this way (Rockwell and Grayson, 1953). The
thick fleshy scales are removed from the oufside of the bulb; care should be
taken not to bruise them and to retain the base of each. If the apical bud of the
bulb is left intact, it can be replanted for further |growth. The scales are then set in
rows in flat sand or a sand-peatmoss mixture,|and covered about 5 centimeters
deep (Rockwell and Grayson, 1953). In hyatinth, a technique called double
scaling is used (Rees, 1972).They should be kept covered against rain, and only
moderately moist, for twenty to twenty-five days, until miniature new bulbs begin
to form at the bases of the old scales; tHen moisture can be increased.

Temperature of about 60°F should be maintained (Rockwell and Grayson, 1953).

The best time for scaling lilies and for cutting pulbs is when their food reserves
are at a maximum, during their dormant stage before new root growth has started
(Rix, 1983). Adventitious buds are formed durirlg the winter season, and develop

into small bulbs or 'scalets’. The scalets sproyt in spring and form small plants
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(Miller, 1992b). The adventitious scalets are mostly associated with a wounded

surface (Miller, 1992b).

It is possible to increase the number of bulblets by cutting into the basal section
of a broad scale with a razor-sharp blade, e.g. a scale with a base 2.5cm long
may be given three cuts 5mm deep; four bulbs may then be formed instead of
one or two (Fox, 1985). Bulbs with scales, such as lilies and fritillaries, have
relatively small, narrow scale leaves which can readily be pulled off the basal
plate of the bulbs (Browse, 1979). Scales should be taken from a fresh bulb in a
turgid condition by pressing the scale leaves outwards until they snap off close to

the basal plate of the bulb.

Any scale leaves will carry rotting agents and so they must be protected by using
a fungicidal powder. The scale should be placed in a polythene bag filled with

fungicidal powder such as Captan™.

In early spring the bulblets will produce leave$ above the compost. In summer,
the plants harden off. At the end of the season,|when |leaves have died down, the
young bulbs can be lifted and separated (Witham Fogg, 1974; Browse, 1979;

Rix, 1983; Bryan, 1989).
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k) Division.

This technique starts with an operation in which some section of parent plant is

removed and this piece is then induced to form roots and becomes a new plant

(Rockwell and Grayson, 1953). In making divisions it is essential that there be a

growing point (a bud or 'eye') on each piece.

Browse (1979) reported that bulbs propagate

naturally by division. In annual

growth cycle the apical bud develops and produces a new bulb during the

growing season. If an axillary bud develops intq an active growing point, and then

this also develops as a bulb that may take a year or two of further growth before

it separates from its original parent and eventually starts flowering. In some

plants, notably tulips and bulbous irises, the

original bulb disintegrates after

flowering, leaving a cluster of small bulbs as well as a new flowering bulb. They

should be pulled apart in autumn and planted

(Browse, 1979).

I) Tissue culture.

out at twice their new diameter

Tissue culture has evolved as a powerful tool for bulb breeders and propagators

during the last decades. This technique has bedn developed for the production of

plants from various tissues. According to Van der Linde (1992), tissue culture is

the culture of plants or plant parts on an artificial medium in a controlled and
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sterile environment. Plants may originate fron

1 explants, meristems, gametes,

protoplasts, fused cells or transformed cells, thereby providing the basis for the

development of methods to accelerate clonal pr
The interesting aspect of tissue culture is thaf
used: root, leaf, stem, flowerbud, microspore,
between sterilized water in glass pearls and h

agar-based gel (Van der Linde, 1992).

In Lachenalia, tissue culture propagation of cu
susceptible to virus infection which causes the |4

commercially unacceptable (Niederwieser, 1990

Lilies are easy to establish in tissue cul
propagation rates (Miller, 1992b). Agar culture
culture propagation. Sceles are surface steril
clorox solution, with a detergent. After rinsin

sectioned and placed onto the medium. New

opagation (Van der Linde, 1992).
every part of the plant may be
bulb etc. The medium may vary

ghly nutritious composition in an

tivars is necessary as plants are

baves and the inflorescence to be

)-

ure, with generally favourable
is the basic method in lily tissue
zed for twenty minutes in 10%
g with sterile water, scales are

structures invariably arise on the

basal portion of the scale, and also on the inngr side of the scale (Miller, 1992b;

Bryan, 1989).
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2.3 Why using leaf cuttings in Lachenalia.

The advantage of this method of propagation i
on one leaf cutting and that a number of leaf
donor plant (Perrignon, 1992; Suh et al, 1997
an effective method of increasing stock of sp¢
seeds readily like hybrids. Other reasons j
inexpensive and that no special tools like and ¢

by leaf cuttings.

2.4 The terms bulblet, bulbil and offset.

The cited authors referred to in literature revie
and offsets in an attempt to link the name to t
small bulb or bulblet derived from either an axil
specific position on the plant or plant organ.

undoubtedly identify the position of origin, it i

them. For this reason, in the rest of the thesis, ¢

bulblet(s).

[
N

5 that many bulblets can be formed
cuttings can be obtained from one
. Duncan (1988) reported that it is
pcies, mainly those that do not set
are that it is commercial viable,

tabinets needed when propagating

w used the terms buiblets, bulbils
ne origin of bulblet for example, a
lary bud or adventitious buds on a
Since it is not always possible to
5 difficult to differentiate between

nly one term will be used, namely
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CHAPTER 3
ORIGIN OF BULBLETS AND ROOTS ON

PLANTED /N VIVO.

3.1 Introduction.

Lachenalia leaf cuttings form bulblets and roots
soil or growing medium (Cook, 1931; Duncan
1992; Suh et al, 1997). In herbaceous plants a
just outside and between the vascular bundle cg
of origin depend on the kind of plant (Hartman
cuttings, it is not clear as to exactly from wi

structures (bulblets and roots) form.

The aim of this chapter was to observe the

Lachenalia leaf cuttings planted in vivo.

3.2 Materials and Methods.

General view on Lachenalia leaves.

The mature bulb of most Lachenalia species

LACHENALIA LEAF-CUTTING

when severed and placed in the
1988; Naylor, 1940; Perrignon,
dventitious roots usually develop
lis but tissues involved at the site
n et al, 1997). In Lachenalia leaf

hich tissue in the leaf the new

origin of bulblets and roots on

produce two leaves while in

other species, a single leaf is produced. Thefe is a remarkable variation

within the genus and several species have

Leaves vary from robust and broad to short and

numerous grass-like leaves.

cylindrical in shape. Many
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respectively. The medium that was used

decomposed pine bark. Two bulbs with a

for the mother bulbs was

five to six centimeter in

circumference were planted per pot. Twelve pot$ were used in this trial and a

total of 24 bulbs were planted.

Outer leaves were severed randomly when the inflorescence bud was visible

between the leaf sheaths. Leaf cuttings were plg

crates and were also placed in the glasshouse.

nted on decomposed bark in

The glasshouse temperature

was maintained at 25°C and 15°C, day and night respectively. Leaf cuttings

were irrigated every third day. For inspection t
medium every day from the second day of plantit
bulblets were clearly visible.
Portions of the basal area of the leaf (part wh
were fixed in gluteraldehyde (GA). After fixin
second day of planting to the 28" day, the samy
one night in the refrigerator. They were then w
for 3X15 minutes. Samples were then dehydrat
ethanol for 15 minutes in each and then put
minutes. Resin impregnation was done by puttin

of 100% ethanol and resin for three hours and

The resin that was used for this imbedding was

Acrylic Resin, S5ppm hydroquinone). Sample

hey were uprooted from the

ng until the 28" day when the

ere bulblets and roots form)

j all the samples from the
les were put in fresh GA for
ashed with phosphate buffer
ed with 50%, 70% and 90%
in 100% Ethanol for 3X15
g the samples in 1:1 solution
finally samples 100% resin.
LR White (a medium grade

5 were then imbedded in

capsules with fresh resin. Polymerization was dpne in an oven. Sections (2-
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The observation that bulblets were irregularly di
of the leaf cutting corresponds with the findings

in Ornithogalum thyrsoides originated from the d

stributed along the basal end

of Hussey (1976) that bulbils

ivisions in the epidermis and

hypodermis. In onions, adventitious shoots initiated from the epidermis and

hypodermis on the abaxial surface of leaves
Falavigna, 1980). In Hyacinthus orientalis (L).
from the epidermal cells (Naylor, 1940). Walke

originated from the parenchyma cells near the

grown in vitro (Hussey and

Getrude bulblets originated
r (1940) found that bulblets

adaxial surface in detached

scale leaves of Lilium candidum and L. longiflorum.

The findings of this investigation contradicted thé findings of Suh et a/ (1997)

that new bulblets originated from the parenchy

bundie sheath. According to the results of this

ma cells near the vascular

investigation, the structures

that originated from the parenchyma cells associated with the vascular

system were the roots (see page 34). Hdg
investigation that bulblets originated from the

findings of Niederwieser (1990) for Lachenalia ex

3.3.3 Sprouting of bulblets.

In most cultivars investigated bulblets that were
did sprout and produced grass-like leaves that

when the original leaf cutting withered an

wever the results of this

e epidermis confirmed the

plants in vitro.

formed on the leaf cuttings
supported the small bulblets

d died. This happened

approximately three months after planting the cuttings. Cuitivars that sprouted
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include Romelia, Ronina, Rupert and Namakw3

readily. Cultivar Robyn did not sprout but pr

Romelia (Chapter 4).

For readily sprouting cuiltivars like Romelia, it

after the original leaf cuttings had died down so

2 but Romelia sprouted most

bduced bigger bulblets than

s important to stop irrigation

that young grass-like leaves

could die down. However, stopping irrigation shouldn’t be done too soon, as

those grass-like leaves have to support the bu

soon might lead to smaller bulblets. There is

blets. Stopping irrigation too

a perception that for bigger

bulblets, irrigation should not be stopped to force the grass-like leaves to die

down. However, this perception has to be proved. For this experiment,

irrigation was stopped when the original leaf|
bulblets could be harvested at the same time.

irrigation was not stopped, bigger bulblets might

cutting died down so that

It might be possible that if

have been harvested as the

grass-like leaves were still actively growing. What seem to happen is that the

bulblets get smaller when they sprout, but when the grass-like leaves die

down, it seems as if the nutrients are translocated back to the bulblets.

Little is known about factors influencing the semescence of the original leaf

cutting and the grass-like leaves that are formed

high temperatures and water shortage hastens

on bulblets.

It is evident that

senescence. Even mother

bulbs can be forced to die down by putting them at high temperatures and
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The results support the general concept of enflogenous origin of roots and
that roots originated from the cells near the vasqular system as in Hyacinthus
orientalis (Naylor, 1940), Lilium candidum and L. longiflorum (Walker, 1940)
and Ornithogalum thyrsoides (Hussey, 1976). |t should be noted that roots
that were formed on Lachenalia leaf cuttings as described above, were not

associated with the exogenous bulblets.

Further information about adventitious roots formation in other crops are: in
sweet potato, where new roots and shoots on| leaf cuttings arise in callus
tissue, which develops over the cut surface through the activity of secondary
meristems (Hartmann et al, 1997); in tomato, pumpkin and mung bean,
adventitious roots arise in the phloem parenchyma; in Crassula they arise in
the epidermis where as in Coleus they originate from the pericycle (Hartmann
et al, 1997); in castor bean roots arise from the vascular bundle while in
carnation they arise from a layer of parenchyma cells inside a fibre sheath

(Hartmann et al, 1997).

Roots on bulblets.

As the bulblets grew in size, they formed roots. These roots developed from
the base of the meristematic mass of cells that formed the bulblets, at the
point of attachment between the bulblet and the leaf cutting. These roots

supported bulblets after senescence of the original leaf (Figure 3.5). They
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CHAPTER 4
EFFECT OF LEAF-SECTION POSITION AND PHYSIOLOGICAL
STAGE OF THE DONOR PLANT |ON LACHENALIA LEAF-

CUTTING PERFORMANCE.

4.1 INTRODUCTION

The bulblets are formed at the base of the leaficuttings after at least four weeks
from planting (Chapter 3). From the literature, it |s not clear as to when the leaves
should be severed from the donor plants. The effect of leaf section position
together with the physiological stage of the donor plant on the performance leaf

cuttings planted in vivo has not yet been studied,

The aim of this trial was to investigate how the|physiological stage of the donor

plants would affect leaf cuttings performance.

4.2 MATERIALS AND METHODS.

Mature bulbs of three commercial cultivars, 'Romelia’, 'Robyn' and 'Rupert’
were planted in February in a glasshouse. The {femperature in the glasshouse
was maintained at 25°C and 15°C, day and night respectively. Decomposed
pine bark was the medium used for both donor plants and leaf-cuttings. One

tea spoon (5ml) of Fongarid™ (A wettable powder fungicide for the control of
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root and stem rot and damping-off caused by Pythium and Phythophthora in

citrus and ornamental nurseries), 60g of dolomite lime and 60g of Osmocote®

(six month slow nutrient releasing fertilizer) w.

medium in each crate.

Plastic crates were used to plant the mother

cuttings. One replication was planted per crate.

as added to about 20 litres

plant bulbs as well as the

The size of the crate used in

this trial was 54cm (length) X 32cm (breath) X 12cm (height). Bulbs with a four

to five centimeter in diameter were used. Each cultivar was replicated five

times, planting 80 bulbs per crate. A total of 1200 bulbs for all three cultivars

were planted.

A total of three hundred cuttings per cultivar g

cuttings per crate and thus five replicates. Sever

same condition as that of the donor plants.

Treatments.

To assess the effect of leaf section position on d

leaves were severed randomly and cut into

er stage were planted; sixty

ed leaves were planted in the

(cuttings). The distal and proximal cuttings were planted in separate crates.

onsequent cutting performance,

the proximal and distal parts
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To determine the effect of physiological stage of the donor plants on the
performance of leaf-cuttings, leaves were severed at three different stages
(Figure 3.1), namely:
¢ When the inflorescence bud was visible between the sheath of the leaves,
e Before the first flower opened, and

¢ At full flowering (when all flowers were open 6on the inflorescence).

Irrigation was stopped approximately five momths after planting the cuttings.
Bulblets were harvested after the original leaf ¢utting had died down, that was
approximately three weeks after stopping the irrigation. Bulblets were cleaned by
hand and roots were removed prior to evaluatioh. A fan was used to blow away

soil and other foreign materials from the bulblets.

Variables examined were:

e Survival ability of leaf cutting. After eight weéks from planting the number of
surviving cuttings were counted and the data tecorded.

e Number (quantity) of bulblets produced. After the original leaf cutting died
down, bulblets were harvested, cleaned and counted. This was about five
months after planting the cuttings.

e Quality. The size of bulblets in circumference jand fresh mass of bulblets were

measured after counting.
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4.3 Results and discussion.

Survival ability.

Both proximal and distal cuttings were viable (sdlrviving) eight weeks after planting.
Proximal cuttings had significantly higher surviyal rate than distal cuttings (Figure
4.1). As the physiological stages of the dongr plant progressed, there was a
reduction in the number of surviving cuttings (bpth proximal and distal). Proximal
cuttings were not affected to the same degree by physiological stages, compared
to their distal counterparts. Survival ability of distal cuttings of cultivar Robyn was
low in all three physiological stages tested (Figure 4.1). There was a significant

difference between the three physiological stages tested in this trial (Table 1A,

appendix).
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Figure 4.1: Effect of cultivar, position and physiological stage on leaf cutting
survival ability. A: Survival rate of distal cuttings qf three Lachenalia cultivars.

B: Survival rate of proximal cuttin¢s of three Lachenalia cultivars.

38




Number of bulblets.

Both the proximal and distal cuttings produced
stages tested but the proximal leaf cuttings pro
per crate than distal cuttings. Compared to othe

productive in terms of the number of bulblets

bulblets in all three physiological
duced significantly more bulblets
r cultivars, Romelia was far more

Figure 4.2). Number of bulblets

followed the trend of number of cuttings that sdrvived. Distal cuttings of cultivar

Robyn almost yielded nothing due to low surv
flowering. lIrrespective of leaf cutting posit
inflorescence was visible between the sheath

number of bulblets (Figure 4.2).
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Figure 4.2: Effect of cultivar, position and physiological stage of leaf cuttings on

the number of bulblets per crate. A: Distal cuttin
B: Proximal

cultivars.

ys of three Lachenalia cultivars.

cuttings of three Lachenalia

39

|

i

cuttings/crate
S _ 2
A ©
=
2 s 8 ;
a8 —+—Stage 1|
B E < aet
S =E o c ¢ |—WStage2
F % 8 5 8 asuges
s ¥ T
14
Cultivar



There was a significant difference between the leaf cutting positions tested in this

trial in the number of bulblets produced (Table

1B, appendix). The reason for

higher productivity of the proximal section might be because tissues on the distal

leaf cuttings are more mature as compared to the

(proximal) part of the leaf (Fahn, 1982).

Mass of bulblets.

Mass of the bulblets per crate followed the same

young tissue found at the basal

trend as the number of bulblets

produced per crate in this investigation since a|higher mass was obtained from

cuttings severed when the inflorescence was visjble between leaf sheaths.

Average mass of bulblets

Average mass of bulblets harvested

from proximal cuttings in

|
. . . 1
harvested fom distal cuttings in ‘
grams/crate J grams/crate
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Figure 4.3: Effect of cultivar, position and physiplogical stage of cuttings on the

mass of bulblets produced per crate. A: Mass of bulblets harvested from distal

cuttings of three Lachenalia cultivars; B: Ma

proximal cuttings of three Lachenalia cultivars.

s of bulblets harvested from
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Bulblets harvested from proximal cuttings had
their distal counterparts (Figure 4.3). There W
mass of bulblets harvested from the two (g
positions (Table 1C, appendix). As in survival ra
crate, there was also a reduction in mass of bul
of the donor plant progressed. There was no si

between cultivars (Table 1C, appendix).
Size of the bulblets.

Proximal leaf cuttings produced significantly big
Cultivar Robyn produced bigger bulblets than f
this difference was not due to the effect of phy

difference although the distal cuttings of Robyn v

Bigger bulblets were harvested from cuttings §

a significantly higher mass than

as a significant variation in the

roximal and distal) leaf-cutting
e and the number of bulblets per

blets as the physiological stages

gnificance variation on the mass

ger bulblets than distal cuttings.
he other two cultivars, however
siological stages, but to cultivar

vas severely affected by stage 3.

severed when the inflorescence

was visible between the sheath of leaves anpd the size decreased as the

physiological stages progressed. It is important
the inflorescence is visible between the sheath

required.

to take leaf cuttings early, when

of leaves if bigger bulblets are
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Average size of bulblets harvested |
Average size of bulblets harvested from proxmal cuttings (emin
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Figure 4.4: Effect of cultivar, position and physiological stage of leaf cutting on
bulblet size. A: Bulblets harvested from distal and

B: proximal cuttings.

'Romelia’ seems to be the least affected by the |stage when cutting were taken;
though for best results, sections should be tgken when the inflorescence is
visible between the sheath of leaves. When propagating Lachenalia by leaf
cuttings, there is a relation between regeneration ability, number of bulblets

produced, mass and size of bulblets produced.

The results of this trial support the findings of Perrignon (1992) and Suh et al

(1996) that leaf cuttings obtained from the distal end of the leaf produce less

bulblets as compared to proximal part (Figure 4.2). The findings by Niederwieser
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and Vcelar (1990), that physiological stage of t
role in determining the regeneration potential of
vitro was also confirmed by this trial.

The importance of physiological stage and p
explants has often been stressed by authors.
taken earlier (when the inflorescence was visib
gave the best results. It is, however, obvious t
not necessarily the physiological stage, but th
when cuttings are taken. Considering the develd
(Fahn, 1982); the apical portion is the most
elongation is caused by an intercallary meristen
of the leaf. During stage 1, when the inflorescer

the intercallary meristem is still active, producing

3, the meristem is not active anymore, and all t

ne donor plant plays an important

cultured Lachenalia leaf tissue in

osition of leaf cuttings or leaf

n this investigation, leaf cuttings
e between the sheath of leaves)
hat the most important aspect is
e age of leaf tissue at the time

pment of monocotyledonous leaf

mature part of the leaf. Leaf

situated towards the distal part

ce is situated in the leaf sheath,

young leaf tissue. During stage

e tissues have matured, but the

proximal part still contains the youngest tissugs. The above reasoning could

explain why proximal (basal) leaf cuttings p

counterparts in all variables examined.

4.4 CONCLUSIONS.

erform better than their distal

For higher productivity of Lachenalia leaf-cuttings, it is recommended that leaf

cuttings be severed from the base of the leaves

5 when the inflorescence bud is
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visible between the sheath of the leaves (St

age 1). The productivity of the

proximal sections exceeded that of distal sections for all variables (survival rate,

fresh mass, number and size of bulblets) examined. Considering time, space and

cost, it is not advisable to take distal cuttings at full flowering (Stage 3).

Distal sections should be taken at an earlier sta
proximal cuttings had higher survival ability
physiological stages tested, proximal cuttings
when the inflorescence bud is visible between {
the physiological stage when leaf cuttings are

same time. In other words, the earlier one takes

ge for good results. Even though

han distal cuttings in all three

still perform reasonably taken

he sheath of the. Irrespective of

taken, cuttings senesce at the

the leaf-section, the better.

it should be taken into consideration that as the donor plant matures, there was a

reduction in the survival rate of the cuttings and number, size and mass of

bulblets produced. It is apparently not the physiological stage as such that

determines the above parameters, but rather th

cuttings.

It can therefore be recommended that leaf

intercallary leaf tissues be used for Lachenalia pi

e age of the tissues in the leaf

cuttings containing immature

opagation.
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CHAPTER 5
EFFECT OF GROWING MEDIUM

CUTTING PERFORMANCE.

5.1 Introduction.

One of the most important factors in contain
growing medium, which must be excellent at
Lachenalia in the wild, occur in a wide range of s
they generally adapt very easily to other soil {
1988). The latter author reported that the main c{
is sand, which should preferably be mediun
According to experiences at ARC-Roodeplaat, s
(S) produce fewer but bigger bulblets as com
decomposed bark (DB), which produce smaller,
Another reason why these two media were chod
readily available. The combination of these two n

Lachenalia leaf-cuttings.

The aim of this chapter was to observe the effeq
(DB) and different combinations of sand a

performance of Lachenalia leaf-cuttings.

ON LACHENALIA LEAF-

er cultivation is drainage of the

all times. Despite the fact that
oil types with differing pH values,
ypes under cultivation (Duncan,
bmponent of the growing medium
N grained, washed river sand.
paf-cuttings planted in river sand
pared to the cuttings planted in
but greater number of bulblets.

en for this study is that they are

nedia has not yet been tested for

t of sand (S), decomposed bark

nd decomposed bark on the
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5.2 Materials and methods.

Mature bulbs of cultivar Robyn were planted |i

n commercial decomposed bark

under a shade structure (55% irradiance) in March. All chemicals that were added

were the same as in Chapter 4. Leaf-cuttings

were severed in June when the

inflorescence was visible between the sheath ¢f leaves and were planted in the

glasshouse maintained at 25° and 15°C, day and night respectively.

The number of cuttings planted per crate was 60 and a total of 300 cuttings per

treatment were planted, since each treatment was replicated five times. Only the

proximal sections were used in this trial becalise it has been found that they

perform better than their distal counterparts (Chapter 4). Cuttings were irrigated

three times a week. Osmocote (60g), and 5m (teaspoon) of Fongarid® was added

in each crate. The experiment was repeated in th

To assess the effect of different media on Laci
the following media were used:
e river sand (S),

e decomposed bark (DB),

¢ river sand (S) : decomposed bark (DB) (1:1),

* River sand (S): decomposed bark (DB) (3:1).

e following year.

nenalia leaf-cutting performance,
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Criteria that were evaluated were:
e number of bulblets produced,
e diameter of bulblets,
¢ mass of bulblets.

Bulblets were harvested and weighed after

collected was subjected to analysis of variance

confident interval of 95% probability.

5.3 Results and discussion.

Decomposed bark (DB) produced the highest qu
sand (S) and the combinations of the two media
Mass of bulblets produced followed the trend of
evident as bulblets harvested from decompose
(Figure 5.1). Fewer and cleaner bulblets were ha
to the bulblets harvested in other media tested in

produced by different media differed significantly

Bigger bulblets were harvested from sand in th

difference with decomposed bark and the combin

cuttings had died down. Data

and means were tested via the

antity of bulblets as compared to

n both two seasons (Figure 5.1).
quantity of the bulblets. This is
d bark gave the highest mass
rvested from sand as compared
this trial. The quantity of bulblets

Table 4i and ii, appendix).

e first season even though the

ation of the two media (1:1) was
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not significant. In the second season, smaller bulblets were harvested from sand
though the cuttings were planted on the same day for all media (Figure 5.1). The
difference between the two seasons might |be because the mother bulbs
sprouted and were planted earlier than in the first season. This has led to leaf
cuttings being taken earlier and thus had (leaf cuttings) longer time in the

medium than in the first season.

Most cuttings died down on sand due to wilting while in decomposed bark were
rotting due to higher water holding capacity of the bark. As leaf cuttings planted in
sand showed signs of wilting during the first weeks of planting while cuttings
planted on decomposed bark retained their vigaur, it can be suggested to apply

more water or irrigate more frequently in sand than decomposed bark.

Bulblet and root formation started earlier in decpmposed bark than sand. It was

however surprising as bulblets harvested from sand were slightly bigger than the

bulblets harvested from decomposed bark in the first season.
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Figure 5.1:  Effect of different media on the performance of leaf cuttings.
A: Average number of buiblets produced per crate in seasgn 1 (A1) and season 2 (A2)
B: Average mass of bulblets produced per crate in season|1 (B1) and season 2 (B2)

C: Average size of bulblets produced in season 1 (C1) and season 2 (C2).
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Suh et al., (1996) found that the best results for Lachenalia leaf cuttings were
obtained when the medium composed of peatmpss: perlite (1:1) was used. Even
though good resuits were obtained from the combination of these two media,
peat is very expensive. A cheaper mediunm that is readily available like

decomposed bark would be more appropriate.

5.4 Conclusion

The results obtained in this investigation suggested that decomposed bark can
be used for Lachenalia leaf cuttings but if fewer| cleaner and bigger bulblets are
needed, sand could be used. If sand is used, it should be understood that the

frequency of irrigation would be frequent compared to that of decomposed bark.
Considering the costs and labour for mixing the |media, the combination of sand

and decomposed bark is not recommended as|the results of this investigation

revealed that pure decomposed bark gave better|results in both seasons.
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CHAPTER 6
EFFECT OF SUPPLEMENTARY FERTI

PLANTS ON LEAF-CUTTINGS PERFOH

6.1 Introduction.

The fact that hyacinths can be brought to full bl
illustration that all the required nutrients are ¢
dormant period to complete the production
(BULLETIN no 197, 1967; Duncan, 1988). The
that fertilizers and manure should never be add
soils should not be used. Fertilization of Lacl

cuttings are taken has not yet been studied. T

LIZATION OF THE DONOR

RMANCE IN LACHENALIA.

bom in pure water only, is a good

ontained in the bulbs during the

of perfect flowers and foliage
latter bulletin again emphasized
pd to the medium. Extremely acid
henalia donor plants before leaf

he objective of this Chapter was

therefore to study the effect of supplemented fertilization of mother bulbs on leaf

cutting performance.

6.2 Materials and methods.
Two cultivars, 'Robyn' and 'Ronina’; were

Glasshouse condition, medium, bulb size and n

were similar to that of assessing the effect of difi

cutting performance (Chapter 4).

Three treatments in the first season were apg

calcium nitrate (CaNOs3), Nitrosol and the contr

examined in this experiment.
umber of bulbs planted per crate

ferent stages of the plant on leaf-

lied in this experiment, namely:

pl (where no additional nutrients
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were applied). In the second season a fourth tre
The applied calcium nitrate contained 19.5% of
was applied in two crates at rate of 5g/litre. Anof
potassium nitrate, which contained low chlorine,

potassium oxide soluble in water.

atment, KNO3; was also included.
calcium and 15.5% nitrogen and
her two crates were sprayed with

total nitrogen of 13,5% and 46%

A leaf application of Nitrosol contained 8% nitogen, 2% phosphorus and 5.8%

potassium was also sprayed in two crates of the donor plants one week before

taking the leaf cuttings. The concentration applied was 5ml per 1.5/litre of water.

Two crates of donor plants were used per cultiy

ar per treatment. Calcium nitrate

and potassium nitrate (in the second season) Was applied one week before the

cuttings were taken.

Leaves were severed randomly and planted in decomposed bark. Eight

replications of 30 cuttings each of distal and g

planted.

Variables that were examined are:

a) number of bulblets that were produced per le

b) mass of bulblets,

c) average size of bulblets and survival percent
season. Survival percentage was calculat

surviving cuttings divided by the number of cy

Bulblets were harvested and data collected was

roximal sections of leaves were

af cutting,
age was examined in the second
ed by counting the number of

ittings planted multiplied by 100.

analyzed as in Chapter 4.
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6.3 Results and discussion.

Both cultivars did not respond positively to supplementary fertilization of the donor

plants in the survival of leaf cuttings and number of bulblets. Cultivar Ronina

produced more bulblets than Robyn did and Rabyn produced many bulblets and

higher mass (Figure 6.2) than Ronina. This difference was however, not due to

fertilization treatments but to cultivar differencgs. Distal leaf sections of cultivar

Robyn had better survival ability than that of Ronina. The difference in cultivar

performance was not statistically significant (Talgle 3 A i, appendix). As in Chapter

4, the proximal leaf sections performed better than their distal counterparts in all

variables examined.
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Figure 6.1:

Effect of supplemented fertilizatia

n of mother bulbs (two weeks

before taking cuttings) on the surviyal rate of leaf cuttings.

A: % survival of distal cuttings

B: % survival of proximal cuttings
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Figure 6.2: Effect of supplementary feeding of the mother plants on leaf

cutting performance. A1, A2 and C1, C2 repregent the number of bulblets produced in

season 1 & 2 respectively, while B1 and B2 represent the mass of bulbets produced per

crate in season 1.
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Figure 6.3:  Effect of supplementary feeding of

bulblets produced by leaf cuttings.

proxim

Mass of hulblets (season 2)

crate( in grams)

the mother plants on mass of the

A: Average bulblet mass of distal ciittings

B: Average bulblet mass of proxima! cuttings.

In the second season, the control gave the highést number of bulblets and mass

in both cultivars (Figure 6.2 and 6.3). A slight

increase was observed on the

number of bulblets produced by proximal leaf sections in the first season (Figure

6.2), however the increase was not statistically significant.
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Data presented in this investigation suggs
supplementary fertilizing the donor plants before
no significant difference in the percentage rege
However, this might be due to the concentratio
and thus further research might be necessa
however, support the findings of Duncan (1988
grown successfully without any supplementary f
investigation, Osmocote and lime was added
production of bulblets by leaf cuttings (Table 5

time of application and concentration is however

There was no sign}ficant difference between ¢
survival of |leaf cuttings (Table 5.1) but Ron
bulblets per cutting than Robyn but they were
appendix). However there was no significant d
produced by these two cultivars (Table 5.1). The
the size of the bulblets produced by these two

The proximal cuttings outperformed their distal

(regeneration, number, mass and size of bulbldg
was no significant difference between the supplq

the regeneration and number of bulblets prd

appendix).

st that there

r

is no need for

taking leaf cuttings, as there was

tneration and number of bulblets.
n used or the time of application
ry. These results at this stage,
) that Lachenalia species can be

ertilization of bulbs, though in this

to sand. Looking at the current
1, appendix) further research on

not necessary.

ultivar Robyn and Ronina in the

na produced significantly more
significantly smaller (Table 5.1,

fference in mass of the bulblets

ire was a significant difference in

cultivars (Table 5.1, appendix).
counterparts in all four variables
its) examined in this trial. There
tmentary fertilization treatment in

duced (Table 3 Ai and 3 Bi,
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6.4 Conclusion.

Looking at the current leaf cutting production and

the results of this investigation,

there seems to be no advantage in supplementary fertilizing unless it is done at

an earlier stage. The time of fertilizing and the doncentration might have played a

role in these results but further research seems {o be necessary at this stage.

Considering the cost of CaNO3;, KNO3 and Nitrgsol, it is not recommend as it is

not economically feasible to fertilize the dongr

cuttings in the current situation.

plants before taking the leaf
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CHAPTER 7
EFFECT OF DISINFECTANTS ON LACHENALIA LEAF-CUTTINGS

PERFORMANCE.

7.1 Introduction.

It has been observed that cuttings that live longer tend to produce good quality
bulblets (Chapter 4). In order to prevent loss of the leaf cuttings by rotting and
other fungal attack, disinfectants were used in this investigation. The use of
disinfectants on Lachenalia leaf-cuttings has not been tested. Preservatives
enhance the uptake of water and prevent bacterial and fungi infection in cut
flowers. When the best combination of preservatives or disinfectants are used in

cut flowers, vase life can be increased two to three times (LARSON, 1992).

The objective of this chapter was to study the effect of disinfectants including
some that are used in cut flowers on the performance of Lachenalia distal leaf
cuttings. As observed in Chapter 4, proximal leaf sections performed better than
distal sections in all variables examined, and for this reason only distal sections
were used in this trial to test if their performance can be improved by applying

disinfectants.
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7.2 Materials and method.

The distal leaf cuttings of cultivar Robyn were

used in this experiment. Mature

bulbs were planted under a shade structure (35% irradiance) to obtain healthy

leaves. Cuttings were planted under similar conditions as those of Chapter 4. Five

treatments were applied, namely; control (water was applied), HTH (a granular

dry chlorine containing calcium hypochlorite with 70% available chlorine applied

at concentration of 5gllitre), Sporkil (a cut flower disinfectant and the

concentration used was 1ml/litre) and Fongari

H'™ (a wettable powder systemic

fungicide for the control of root and stem rot angd damping off caused by Pythium

and Phytophthora in citrus and ornamental nurs

eries). The dosage used was 5ml

per crate and was applied as a drench after planting the cuttings in decomposed

bark. Each treatment was replicated five times. Thirty (30) cuttings per replication

were used in this experiment. The trial was repe

Criteria that were evaluated were:

ated the following year.

i) Survival percentage (viability) of leaf-cutlings per crate after eight weeks

of planting,

i) Quantity (number) of bulblets per crate, and

iii) Mass of bulblets and size (second seasomn) produced per crate.

Data was collected and analyzed as in chapter 4.
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7.3 Results and discussion.

The control gave the highest number of survived leaf cuttings after eight weeks of
planting and the highest number of bulblets in poth two seasons (Figure 7.1and
7.3). Sporkil™ seem to have a negative effect on leaf cuttings as it gave the

lowest survival rate in both two seasons.
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Figure 7.1: Effect of Disinfectants on Lachenaglia leaf cuttings survival rate and

number of bulblets produced (cullivar Robyn). A1 and A2: % survival

rate of leaf cutting/crate in season 1 & |2 respectively. B1 and B2: number of

bulblets harvested per crate in season 1 & 2 respectively.
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The control gave a statistically significant higher|

(Figure 7.2) mass and number of

bulblets in the first season as compared to other treatments (Figure 7.3). The

results of this investigation also supports the

findings of Chapter 4 that leaf

cuttings taken earlier had higher survival ability than cuttings taken late in the

season (Figure 7.1 A1 and A2).
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Figure 7.2: Effect of Disinfectants on the mass ar

leaf cuttings. A & B: Average mass of bulblets per ¢

average size of bulblets harvested from distal leaf cuttings

nd size of bulblets produced by

rate for season 1 & 2 respectively. C:
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Though in the second season the control gave a lower mass, there was no

significant difference compared with other trgatments. HTH gave the biggest
bulblets (Figure 7.2) compared to other treatments, however, the difference was
not significant. There was a significant variatioh between disinfectant treatments
in the survival rate (Table 2Ai), number of bulblets (Table 2Bi) and mass of

bulblets (Table 2 Ci, appendix) in the first season.

The data found in this trial gave the impression that disinfectants do not have a

beneficial effect on Lachenalia leaf cuttings. As leaf cuttings were taken and

planted earlier in the second season, planting garlier had a positive effect on the

performance of leaf cuttings as higher perceptage of cuttings survived were

obtained in this investigation and bigger bulblets|are harvested.

7.4 Conclusion.

Data obtained in this investigation suggest that there is no beneficial effect to

apply disinfectants on Lachenalia leaf-cuttings.

Considering costs of disinfectants, labour and time; one cannot recommend
applying preservatives on Lachenalia leaf cuftings as the untreated cuttings

outperformed those treated with disinfectants (Figure 7.3).
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CHAPTER 8

STARCH DEPOSITION ON LACHENALIA LEAVES AND BULBS

DURING THE GROWING SEASON.

8.1 Introduction.

Starch is a major carbohydrate in plants (Miller, [1992a). The starch concentration

in geophytes is highly variable between species and tissues, and highly

dependent on environmental conditions (Miller, 1
when stored reserves are utilized, it is expectd
storage organ will decrease, and subsequently in
is most rapid. Starch deposition in leaves and

been studied.

992a). During early shoot growth
d that the starch content of the
crease after anthesis when filling

bulbs of Lachenalia has not yet

The objective of this chapter was to assess |starch deposition in Lachenalia

leaves and bulb during the growing season and to investigate any possible

relationship between starch deposition and leaf @

8.2 Materials and methods.

utting performance.

Leaf samples were taken in two physiological stages, namely: before flowering

and at full flowering for the first year. For the second year, samples were taken in
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all three physiological stages studied in Chapter 4. The cultivars used in this trial
were 'Romelia’, 'Robyn’ and 'Rupert' in the first|year where as the first two were
used in the second year. Leaves were severed|every hour from 08h00 to 20h00
in the first season while leaf sections were fixgd hourly for 24 hours during the
second season. The bulb was dissected during the day. The samples that were
severed from the bulb were outer-scale, inner-scale (green leaf bases), basal

plate, inflorescence stalk and the young of the inflorescence.

For Light microscopy, samples were fixed in gluteraldehyde (GA) plus buffer (0.15
MP). Samples were embedded in Glycol methacrylate Il (GMA) and cut (2-5u)

and sections mounted on slides.

Staining.
PERIODIC ACID-SCHIFF (PAS) STAIN (Feder gnd O’Brien, 1968).

Sections mounted on slides were fixed in aldehyde and rinsed with DNPH. Slides
were placed in 1% periodic acid for five to ter] minutes They were washed in
running water for five to ten minutes, placed in| Schiff's reagent for ten to thirty
minutes, and rinsed in running water for five to tén minutes. Slides were dried on
a hot plate before they were stained with toluidine blue, rinséd in running water,

and were again put on a hot plate to dry out before observing them.
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Transmission electron microscope (TEM).

For TEM observation, samples were fixed in GA

embedded in GMA, were put in

an oven to polymerize. Sections were cut and mounted on grid, stained with

Uraniel acetate and Pb citrate after which they were ready for TEM investigation.

8.3 Results and observations.

In the leaf-sections analyzed both with TE

investigation, starch was not observed (Figure 8

M and PAS staining in this

1 A). Starch was observed in all

bulb sections: the outer-scale, inner-scale (gregn leaf bases), basal plate and

developing inflorescence. More starch grains we

the developing inflorescence stalk (Figure 8.1 B)

re observed in the sections from

It is tempting to say there is little

or no starch in Lachenalia leaves. The reason [for the absence of starch in the

leaves could be that starch formed in the leave$ are immediately converted into

sugars and translocated to the bulb scales for std
contradicting the findings of Niederwieser (199Q
visible in leaf sections grown in vitro, but it mus

leaf sections had no sink.

In the leaves of Lilium longiflorum very few stj
sucrose appears to be the main storage sugar

test for sucrose was however, done for Lach

rage. These results are however
) that starch grains were clearly

be emphasized that the in vitro

arch grains were observed, and
Miller and Langhans, 1989). No

ienalia. Observations on Lilium
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More starch grains were observed in developing flowers for Lachenalia in this

investigation than in bulb scales. In Narcissus
stored in all storage organs (bulb parts) althoud
in the green leaf bases under high light intens

were obtained for Lachenalia bulb scale secti

contained starch grains.

The latter author found that starch also occu
throughout the whole leaf blade and in guard ce
presence of starch cannot be detected by org
sections must be stained directly with iodine soly

for Lachenalia in future research.

In Narcissus sucrose was continuously transl

scape into their bases where it was stored (Che

fazetta, starch was abundantly

h the leve! was relatively uniform

ity (Chen, 1969). Similar results

ons in the sense that they also

red in both the bundle sheaths

Is. According to Chen (1969), the

inary Sach’s test, but the blade

ition. This method should be tried

bcated from the leaf blade and

n, 1969). The latter author again

reported that sucrose decreased in the blade and the green part of the scale in

the dark, but increased as light was increased.

senescence, sugar disappeared almost complets

Chen (1969) concluded that sucrose is the first f

At the time of the above ground

ly (Chen, 1969).

ormed sugar of photosynthesis in

Narcissus leaf and the free hexose sugar present in cells does not participate in

sucrose or starch synthesis.
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8.4 Conclusion.

More starch is concentrated in the bulb in Lachenalia as all bulb parts examined

in this investigation had starch. Starch was

examined with both TEM and under light micrg

not observed in leaf sections

scope after PAS staining. Young

developing inflorescence parts inside the bulbs|have the most starch (Figure 8.1)

as compared to other bulb parts.

Leaves of both Lilium longiflorum (Miller and

Langhans, 1989) and Narcissus

(Chen, 1966) have very little starch although heavy iodine staining for starch was

observed in developing flowers. The same trend might prevail for Lachenalia.

According to the observations done by cited a

uthors on other members of the

bulbous Hyacinthaceae, there seems to be a great deal of variability regarding

storage products in the green leaves and bulbg. A proper review and additional

research is necessary.
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CHAPTER 9

GENERAL DISCUSSION AND RECOMMENDATIONS.

Optimization of bulblet production by leaf cuttin
if factors that affect the performance of leaf cutti
and those that were thought to be important w
was observed in this study that if bigger and m

leaf sections should be cut from the base of

visible between the leaf sheaths.

Whole leaf sections can be used if bigger bul
many bulblets of medium size (2-3cm in circumf
cuttings can be severed and divided into the d
stage when the inflorescence is visible between
the growing medium that gave the best results

pine bark.

The results of this investigation showed that pr
than their distal counterparts in all variables (s
mass of bulblets) evaluated but the difference b
the donor plant matured. It is therefore not recq
when the donor plants are in full flowering. It is

aspect is the age of the leaf tissue that is actu

gs of Lachenalia can be achieved

ngs are observed and addressed

ore studied in this investigation. It

bre bulblets need to be produced,

eaves when the inflorescence is

blets need to be harvested but if

erence) need to be produced, leaf

istal and proximal cuttings at the
leaf sheaths. In this investigation

was a commercial decomposed

pximal sections performed better

urvival ability, number, size and
ecame more evident as leaves of
pmmended to take distal cuttings
apparent that the most important

ally determining the performance
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and the physiological stage of the inflorescenge is merely an indicator for leaf

tissue maturity. At the time when the inflorescence is visible between the leaf
sheath, the intercallary meristem at the junction pf the leaf base and lamina is still
active, and therefore contains immature, totipotent tissues.

Fertilizing the donor plants before taking the leaf cuttings and applying
disinfectants had no beneficial effect on bulblet formation on Lachenalia leaf
cuttings in this study. Considering the present production of bulblets by leaf
cuttings and the costs of disinfectants and fertilizers, it cannot be recommended
to apply disinfectants when planting the distal quttings and to fertilize the donor
plants before taking leaf cuttings.

The most important aspect of propagating Lachenalia by leaf cuttings is the age

of the plant at which leaf cuttings are taken. \
cuttings died down at the same time no matten
were severed from the donor plants. Leaf cutting

growing season to give them enough time to sup

Bulblets on Lachenalia leaf cuttings are of exoge

result of the division of epidermal cells. Ros

endogenously from the parenchyma cell assod

while roots on bulblets develop from the base o

which form the bulblets, and are therefore attach

When senescence time arrived,
which physiological stage they
s should be taken earlier in the

port the bulblets.

nous origin and developed as a
bts on leaf cuttings originated
iated with the vascular tissues
f the meristematic mass of cells

bd to the bulblets.
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CHAPTER 10

IMPLICATION ON SMALL SCALE FARMERS

Propagating Lachenalia by leaf cuttings is an
scale farmers can also afford to do it, as th
equipments and/or infrastructure needed like in
cuttings are planted under a shade structure, ey

controlled and still yield very well.

This method of propagation also provide job opp
intensive. A RDP project for growing L4
Nieuwoudtville (situated on the edge of Namaqg
the Northern Cape Province). This crop was sel

naturally in the wild in this region.

Lachenalia is endemic and developed in South
growing bulbs is still done only in South A
opportunity to grow Lachenalia, but only thos

Roodeplaat had already released quite a numb

can choose from. It should be noted that some ¢

to propagate than others (like Rupert) as the

shown. Farmers need to know when to take le

use for leaf cuttings.

wchenalia was established

basy way of propagation. Small-

ere is no expensive chemicals,

tissue culture propagation. Leaf

en where the temperature is not

ortunities for people as it is labor
in

ualand and Bokkeveld region in

lected because the species grow

Africa and thus propagation and
frica. These gives people the
b granted licenses. The ARC-
er of cultivars of which growers
ultivars are easier (e.g. Romelia)

results of this investigation had

af cutting and which medium to
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At the present moment, the demand for Lachenalia bulbs is estimated at 20

million buibs per annum in Europe only and thi

s might give the opportunity to

small-scale farmers to grow it. It should be ungderstood that the grower has to

know various aspects on its production and the fesults of this investigation are of

importance in that regard.

The only problem for now is that the market has |not yet been developed in South

Africa. Assessment on the market had been done and the results were that the

market is small in South Africa as compared to Europe and America

(Niederwieser et al., 1997).

Most small-scale farmers grow vegetables in §
vegetables is higher than that of pot plants liK
flowers was found to be high on specific dates

and during Easter.

outh Africa and the market for
e Lachenalia. The demand for

ike Valentine day, Mothers day
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APPENDIX

SAMMARY OF ANALYSIS OF VARIANCE. (For

Table 1A Effect of physiological stage on the surviv

] of leaf cuttings.

abbreviations refer to page iv.)

Source DF SMS MS FV PR>F
Error 72 1340.80 18.62
T 89 52595.66
CvV 2 776.82 388.41 20.86 0.0001**
S 2 970.82 485.41 26.07 0.0001**
P 1 46648.90 46648.90 2505.01 0.0001**
CV*S 4 1213.11 303.27 16.29 0.0001**
CV*p 2 594.06 297.03 15.95 0.0001**
S*P 2 88.47 4423 2.38 0.0001**
CV*S*p 4 962.67 240.67 12.92 0.0001**
R-Square Cv
0.97 12.57

Table 1B Effect of physiological stage on the numbg

r of bulblets produced by cuttings.

Source DF SMS MS FV PR>F
Error 72 59294.00 8323.53
Total 89 4303625.79
Ccv 2 1305523.62 65761.8] 78.42 0.0001**
S 2 164385.48 82192.74 9.87 0.0001**
P 1 1636741.88 1636741/ 88 196.64 0.0001**
CV*S 4 21094.78 5273.69 0.63 0.6402 NS
CV*p 2 480004.28 240002.14 28.83 0.0001**
S*p 2 79361.35 39680.68 4.77 0.0114*
CV*S*p 4 17220.38 4305.09 52 0.7233 NS
R-square Cv
0.86 46.92
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Table 1C Effect of physiological stage on mass of by

Iblets harvested from cuttings.

Source DF SMS MS FV PR>F
Error 72 38902.64 540.31

Total 89 315179.86

Cv 2 1449.97 724.99 1.34 0.2678NS
S 2 71258.00 35629.0D 65.94 0.0001**
P i 132354.28 132354.28 244 95 0.0001**
CV*S 4 9996.40 2499.09 4.63 0.0001 **
CVv*p 2 105.67 52.84 0.10 0.9070 NS
S*p 2 49206.76 24603.38 45.54 0.0001**
CV*S*p 4 11906.12 2976.53 5.51 0.0001 **

R-square Cv
0.88 50.17

Table 1D Effect of physiological stage on size of bull

plets harvested from cuttings.

Source DF SMS MS FV PR>F
Error 72 13.33 0.19
Total 89 95.24
(A 2 6.60 3.30 17.82 0.0001**
S 2 32.06 16.03 86.59 0.0001**
P 1 18.758 18.75 101.26 0.0001**
CV*S 4 16.07 401 21.70 0.0001**
CV*P 2 6.93 3.46 18.73 0.0001**
S*P 2 0.56 0.28 1.52 0.2260NS
CV*S*P 4 0.91 0.23 1.24 0.3037NS
R-square cv
0.86 21.43
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Table 2A (i) Effect of disinfectants on the survival of leaf cuttings (Season 1).

Source DF SMS MS FV PR>F
Error 36 342.80 9.52
Total 39 975.90
D 3 633.10 211.03 22.16 0.0001**
R-square CvV
0.65 41.42

Table 2A (ii) Effect of disinfectants on the survival of leaf cuttings (season 2)

Source DF SMS MS FV PR>F
Error 16 9.20 0.58
Total 19 10.20
Model 3 1.00 0.33 0.58 0.6368 NS
R-square cv
0.10 0.76

Table 2B (i) Effect of disinfectants on the number of bulblets harvested from cuttings

(Season 1)
Source DF SMS MS FV PR>F
Error 36 13639.50 378.88
Total 39 51026.78
Treat 3 37387.28 12462 .43 32.89 0.0001**
R-square Ccv
0.73 31.23
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Table 2B (ii) Effect of disinfectants on the number o

f bulblets harvested from cuttings

( Season 2)
Source DF SMS MS FV PR>F
Error 16 24695.20 1543 .45
Total 19 34756.55
D 3 10061.35 3353.78 2.17 0.1311 NS
R-square Cv
0.29 25.08

Table 2C (i) Effect of disinfectants on mass of the bu

Iblets harvested from leaf cuttings

(Season 1)
Source DF SMS MS FV PR>F
Error 36 3328.72 92.47
Total 39 13433.38
D 3 10104.66 3368.22 36.43 0.0001**
R-square cv
0.75 4415

Table 2C (ii) Effect of disinfectants on the mass of thg

t bulblets harvested from cuttings

(Season 2)
Source DF SMS MS FV PR>F
Error 16 1120.22 70.01
Total 19 1543.91
D 3 423.69 141.23 2.02 0.1521NS
R-square cv
0.27 27.26
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Table 2D (i) Effect of disinfectants on the size of bu

blets harvested from cuttings

(Season 1)
Source DF SMS MS FV PR>F
Error 36 1.53 0.04
Total 39 15.14
D 3 13.60 4.54 106.44 0.0001%**
R-square Ccv
0.90 12.51

Table 2D (ii) Effect of disinfectants on the size of bu

blets harvested from cuttings

(Season 2)
Source DF SMS MS FvV PR>F
Error 16 0.83 0.05
Total 19 1.20
D 3 0.38 0.13 2.42 0.1040NS
R-square Cv
0.31 9.33

Table 3A (i) Effect of fertilization of mother bulbs on

the survival of cuttings (Season 2)

Source DF SMS MS FV PR>F
Error 64 1092.00 17.06
Total 79 1345.95
Ccv 1 36.45 36.45 2.14 0.1487NS
P 1 120.05 120.05 7.04 0.0101*
F 3 4.05 1.35 0.08 0.9711NS
Cv*p 1 48.05 48.05 2.82 0.0982NS
CV*F 3 29.25 9.75 0.57 0.6359NS
P*F 3 2.25 0.75 0.04 0.9876NS
CV*P*F 3 13.85 4.62 0.27 0.8464NS
R-square CV.
0.19 14.63
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Table 3B (i) Effect of fertilization of the mother bull
harvested from cuttings (Season 1)

bs on the number of bulblets

Source DF SMS MS FV PR>F
Error 84 249263.25  2967.42
Total 95 902705.83
Ccv 1 576290.04  576290(04 194 .21 0.0001**
F 2 10233.33 5116.67% 1.72 0.1846NS
P 1 13207.04 13207.04 4.45 0.0379*
CV*F 2 1914.08 957.04 032 0.7252NS
Ccv*p 1 8362.67 8362.67 2.82 0.0969NS
P*F 2 16691.08 8345.54 2.81 0.0657NS
CV*P*F 2 26744.33 13372.1(7 451 0.0138*
R-square CV.
0.72 22.07

Table 3B (ii) Effect of fertilization of the mother bull

from cuttings (Season 2).

bs on the number bulblets harvested

Source DF SMS MS FV PR>F
Error 64 182842.80  2856.92
Total 79 2451738.00
Cv 1 515526.05  515526.05 180.45 0.0001**
P 1 1348362.45 134836245 471.96 0.0001**
F 3 102107.50  3402.50 1.19 0.3203 NS
Cv*p 1 335923.20  335923.20 117.58 0.0001**
CV*F 3 20567.65 6855.68 2.40 0.0760NS
P*F 3 21194.85 7064 .95 247 0.0696NS
CV*P*F 3 17113.50 5704.50 2.00 0.1233NS
R-square CV.
0.95 19.12
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Table 3C (i) Effect of fertilization of mother bulbs on the mass of the bulblets harvested
from cuttings (Season 1)

Source DF SMS MS FV PR>F
Error 84 27038.56 321.89
Total 95 78898.31
Ccv 1 4689.73 4689.73 14.57 0.0003**
F 2 420.13 210.06 0.65 0.5233NS
P 1 42238.62 42238.62 131.22 0.0001**
CV*F 2 307.47 153.74 0.48 0.6219NS
Cv*p 1 78.88 78.88 0.25 0.6219NS
P*F 2 1412.73 706.37 2.19 0.0180*
CV*P*F 2 2712.20 1356.10 421 0.0180*
R-square CVv.
0.66 18.59

Table 3C (ii) Effect of fertilization of mother bulbs o

from cuttings (Season 2).

the mass of bulblets harvested

Source DF SMS MS FV PR>F
Error 64 28895.44 451.49
Total 79 268810.72
Cv 1 1401.05 1401.05 3.10 0.0829NS
P 1 203018.30  203018.3Dp  442.66 0.0001**
F 3 5840.50 1946.83 431 0.0078*
Cv*p 1 3962.25 962.25 8.78 0.0043*
CV*F 3 9217.50 3072.50 6.81 0.0005**
P*F 3 10490.96 3498.32 7.75 0.0002**
CV*P*F 3 5980.72 1993.57 4.42 0.0069*
R-square C.V.
0.89 25.11
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Table 3D (i) Effect of fertilization of the mother bul

from cuttings (Season 2).

bs on the size of bulblets harvested

Source DF SMS MS FV PR>F
Error 64 4.56 0.07
Total 79 49.99
Ccv 1 21.22 21.22 298.06 0.0001**
F 1 9.80 9.80 137.66 0.0001**
P 3 2.82 0.94 13.19 0.0001%**
CV*F 1 7.32 7.32 102.83 0.0001**
CV*p 3 3.06 1.02 14.36 0.0001**
P*F 3 0.86 0.29 4.01 0.0112%*
CV*P*F 3 0.37 0.12 1.71 0.1735NS
R-square C.V.
0.90 9.35

Table 4A (i) Effect of growing medium on the surviv

al of cuttings (Season 2).

Source DF SMS MS FVv PR>F
Error 16 163.60 10.23
Total 19 588.55
M 3 424 95 141.65 1385 0.0001 **
R-square C.V.
0.72 12.71

Table 4B (i) Effect of growth medium on the number

of bulblets harvested from cuttings

(Season 2)
Source DF SMS MS FV PR>F
Error 16 21859.20 1366.20
Total 19 59991.20
M 3 38132.00 0.0009**
R-square CV.
0.64 29.52
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Table 4C (i) Effect of growing medium on the mass

of bulblets harvested from cuttings

(Season 2).
Source DF SMS MS FV PR>F
Error 16 3506.19 219.14
Total 19 14872.15
M 3 11365.97 3788.64 17.29 0.0001**
R-square C.V.
0.76 28.88

Table 4D (i) Effect of growing medium on the size o

f bulblets harvested from cuttings

(Season 2).
Source DF SMS MS FV PR>F
Error 16 3.22 0.20
Total 19 5.86
M 3 2.64 0.88 437 0.0199*
R-square C.V.
0.45 13.91

Table 5.1: Effect of cultivar and position on survival, number, mass and size of bulblets
harvested from cuttings. Means within a column followed by the same letter are not
significantly different (P=0.05) according to Duncan’s multiple range test.

Cultivar Survival % Average Average mass Average size of
number of| of bulblets bulblets
bulblets/cutting

Robyn 9633 a 6.89a 12.89a 337a

Ronina 9183 a 13.06 b 6.16a 234D

Position

Distal 90.00 a 554 a 6.18a 2.50a

Proximal 98.17b 13.91b 970b 320b
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