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ABSTRACT

Stem sections (lateral bud included) of S. aureus 
were cultured in vitro on modified Murashige and Skoog's 
media. NAA alone increased shoot length significantly, 
whereas kinetin alone caused a significant increase in 
the numbers of shoots. Furthermore, the increase in each 
case was proportional to the concentration of the growth 
regulator. However, each of the growth regulators antago
nized or synergized the action of the other and there was 
an interference by the endogenous growth regulators.

In vitro developed shoots were subcultured on 
Murashige and Skoog * s media with three levels of thiamine 
and 3.2 or 6.4 mg/L kinetin. Thiamine promoted shoot length 
without affecting the action of kinetin on shoot numbers; 
however, 400 mg/L thiamine bleached chlorophyll from the 
leaves. Thiamine either suppressed the kinetin movement 
from the medium to the tissue or it caused some changes in 
the pathway of the cytokinin inside the tissue.

The effect of nitrogen and light on the varigation 
of S. aureus was also determined. The variegation was 
found to be highly responsive to the interactions between 
the different levels of nitrogen and light. This was



attributed to the effect of light and nitrogen on the 
carotenoids/chlorophyll ratio. The variegation of 
aureus could be maternally inherited.



INTRODUCTION

Plant tissue culture has become a very important 
technique in the last two decades because of the wide 
spectrum,of the purposes it serves. It is a quick method 
of producing large numbers of plants. Also the plants pro
duced by tissue culture are almost identical to the parent 
plant; this is a very important tool in plant breeding and 
basic genetics. As a tool in phytopathology, tissue cul
ture aids in the production of disease-free plants. 
Moreover, tissue culture is a very accurate technique which 
enables one to study the various factors which control 
morphogenesis and differentiation in isolated plant parts.

The increasing demand for flowering and foliage 
plants creates a great need for the application of tissue 
culture to this industry.

The physiology of plant pigmentation can be 
attributed to several factors which include the level of 
nutrient elements involved in the synthesis of pigments, 
light intensity and duration, and the genetic constitution 
of the plant.

This work was conducted to study the factors con
trolling the variegation of Scindapsus aureus (Pothos),
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2
an indoor foliage plant, of the family araceae of the class 
monocotyledonae.



LITERATURE REVIEW

Plant propagulse can be used as explants for tissue
culture.

Selection of suitable plant propagules for tissue 
culture is a major factor determining the success of these 
cultures. Plantlets have been successfully developed from 
different plant organs on specific media and under certain 
cultural conditions. Research associated with the.impor
tance of the plant propagules will be presented.

Floral Parts
Meyer, Funchigami and Roberts (1975) regenerated 

callus in vitro from inflorescence slices of tall bearded 
iris (Iris sp.). Murashige and Skoog's medium was employed, 
supplemented with 2.5 mg/L naphthaleneacetic acid (NAA) 
plus 0.5 mg/L kinetin. True-tp-type flowering plants were 
developed when plantlets that had been initiated at the 
periphery of the callus under light were transferred to 
soil.

Ziv, Halevy and Shilo (1970) were able to re
generate plantlets from inflorescence stalks of Gladiolus. 
Regeneration started from the under-surface of the callus 
with the development of root primordia. Buds and. cormlets
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developed on the top surface. . A modified Murashige and ; 
Skoog medium was employed, and the best growth factors 
combination for regeneration of plantlets was .10 ppm NAA 
and 0.5 ppm kinetin.

In 1973 Nishi, Yamada and Takahashi induced callus 
and differentiated organs from anthers and ovary of rice 
(Oriza sativa L .). Callus was induced by NAA, 1AA and 
2,4-D. Root and shoot differentiation occurred by the re
moval of the auxins from the medium.

Hussey and Wyvill (1973) reported the development 
of plants directly from segments of the inflorescence stem 
of Ipheion on a modified Murashige and Skoog medium 
supplemented with 0.1 mg/L NAA. Callus was developed on 
the same medium, but with 1 mg/L NAA, and the plants 
differentiated from the callus under low auxin concentra
tion.

For the propagation of Chrysanthemum cinerarjae- 
folium Vis, Roest and Bokelmann (1973) excised young 
eapitulums plus a portion of the flower stalk. Shoots 
initiated on an agar-solidified medium composed of Knop's 
macro- and Heller micro-elements both at half the concen
trations plus sucrose and 6-benzylaminopurine (BA). The 
shoots growth was retarded on the solidified medium, and 
shoot elongation occurred in the dark.



5
Cauliflower floret tissue *(curd) employed by.

Margara (1969), Pow (1969) and Walkey and Woolfitt (1968) 
as an explant for the propagation of cauliflower in vitro, 
Margara cultured the curd sections on an agar-solidified 
Margara C medium supplemented with 4.5% sucrose, 1 mg/L 
Indole Butaric acid (IBA), 2 mg/L BA, and 1 mg/L GAg.
Plants developed at 24°C, 4,000 Lux fluorescent illumina
tion and a 9-12 hr light duration. Pow cultured the curds 
on a modified Murashige and Skoog medium supplemented with 
8 mg/L IAA, 0.0256 mg/L Kinetin at 25°C, and 16 hr light 
duration. Margara and Pow obtained only one plant per 
culture. Walkey and Woolfitt (1968) applied cultural con
ditions similar to those used by Pow (1969), with the 
Kinetin concentration raised to 2.56 mg/L. They got callus 
and shoots which were separated and recultured. By this 
method more plants per culture were obtained.

Peduncles of unopened flower buds isolated from 
Gloxinia hybr.ida Hort. 'Multiflora' have been used by Bigot 
(1974) to propagate Gloxinia in vitro. The explants were 
cultured on an agar-solidified medium composed of Murashige 
and Skoog's salts, vitamins, 3% sucrose, 100 mg/L glutamine, 
1-2 mg/L BA and 0.2-1.0 mg/L NAA. The cultural conditions 
were 25-27°C, 18 hr light duration of 1000 lux from 
fluorescent illumination. Direct formation of adventi
tious shoots on the peduncle sections was reported. The



adventitious shoots were re-cultured on agar-gelled medium 
with 0.5 mg/L IAA, and 0.05 mg/L BA for root formation. 
Plants produced under these conditions, were identical to 
the parent plants.

Hussey and Wyvill (1972, 1973) reported the adven
titious multiplication of influcrescent skin and ovary wall 
of Muscan botryoides. The multiplication occurred, either 
directly on the explant when auxins were excluded, or from 
callus. The callus formation was initiated when the basal 
medium supplemented with 0.1 mg/L NAA. Less auxin concen
tration resulted in plants differentiation from the callus.

The first successful cultures of pollen were 
reported by Tulecke (1953, 1954, 1957) who demonstrated 
callus formation when pollen grains of a Gymnosperm 
(Ginkgo biloba) were cultured on an appropriate medium.
Some of the pollen grains continued their normal behavior 
by giving rise to pollen tubes and.sperms.

Guha and Maheshwari (1964) reported the triggering 
of pollen of the angiosperm (Daluva innoxia) into active 
growth when cultured within the anther. In 1967 they 
reported the formation of haploid plants from the anther 
culture, and one pollen grain gave rise to one plant.

Exnbryo Culture 
Dormant embryos within orchid seeds were success

fully germinated in vitro since 1922. Knudson (1922) was



7
was able to develop plants from these dormant embryo, but 
this method is commercially applicable only on the genus 
Ophrys (Bertsch 1967, Ghampagriat and Morel 1972).

Mature embryos of endive (Cichorium endivia Linn.), 
cultured by Vasil arid Hildebrandt (1966) developed callus 
when cultured on synthetic liquid and agar-gelled nutrient 
medium. Growth and organogenesis of the callus were sig
nificantly improved with high levels of Inositol, Kinetin, 
and Casein hydrolysate.

Sheridan (1975) employed mature embryos of Zea mays 
L. as explants for in vitro propagation of Zea mays. The 
explants were cultured on Linsmaier and Skoog nutrients 
supplemented with 2,4-D which has been found more effec
tive in callus induction and growth when compared with NAA 
and Indole acetic acid (IAA).

Mature embryos from seeds of Ilex aquifolium L. 
were cultured in vitro by Hu and Sussex (1972) who reported 
the generation of adventitious embryos on the upper surface 
of the cotyledons, but shoot growth was suppressed and 
abnormal cotyledons developed. Germination and root growth 
resumed when the adventitious.embryos were transferred to 
Murashige and Skoog's salts plus 4% sucrose, at 25°C and 
in the dark. Light was found essential for shoot growth and 
development.



Rabechault, Ahee and Guenin (1970) reported that 
embryos excised from one-to-two month old seeds of Elaeis 
guineensis produced superior callus compared to seeds eight 
months old. The explants were cultured on an agar- 
solidified medium composed of Heller’s salts, vitamins and 
2% sucrose, 10% coconut milk, 200 mg/L casein hydrolysate,
0.2 mg/L 2,4-D and 0.1 mg/L Kinetin.

Sommer and Brown (1974) reported the formation of 
plants from mature embryos of Finns elliotij Englem., P. 
Falustris Mill, and P. taeda L. Callus was formed, and 
buds were developed later on the surface of the cotyledons. 
When these buds were excised and recultured on a basal 
nutrient medium, plants were developed, however, 12-14 
weeks were needed to develop plants suitable for soil 
conditions.

Majumdar (1970) cultured ovary wall of Haworthia 
turgida var. Pallidifolia on White's basal medium supple
mented with 1 mg/L IAA, 0.5 mg/L Kinetin, 20% coconut water, 
and 2% sucrose instead of 3%. All the ovaries continued 
their growth and developed capsules in 30-35 days. Many 
capsules produced leafy shoots from the ovary wall, and 
callus developed from the wall after the formation of shoots.



The callus also differentiated into many small plantlets,. 
and a few foots appeared almost simultaneously.

Salmia (1975) employed hypocotyle segments of Stone 
pine (Pinus cembra) as explants. The hypocotyle segments 
cultured on an agar-gelled medium composed of Murashige and 
Skoog's nutrients, supplemented with kinetin, 2,4-D, edamin 
and coconut milk. Callus tissue was developed, but no 
organogenesis Occurred.

Most cucurbits can be induced to produce callus from 
hypocotyle culture. Jelaska (1974) reported the development 
and differentiation of callus tissue from the hypocotyle of 
pumpkin seedlings. Adventitious buds developed from the 
callus produced normal plants on a medium composed of 
Murashige and Skoog’s nutrient elements, and supplemented 
with 1BA, 2,4-D, IAA, NAA, Adenine, kinetin, autoclaved 
water melon sap and yeast; added separately or in combina
tions .

Plant. Organs Culture

Shoot-tip and Apical Meristem
The shoot-tip consists of the apical meristem plus 

one or more leaf primordia and subjacent stem.
Murashige (1974) described the shoot-tip culture 

as the most widely used, and most important method to re
cover pathogen?-free plants. It intends to produce one
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rooted plant per culture. Conversely shoot-tips■of plants 
whose cuttings are difficult to root may be interactable 
at this time. Aragao (1976) reported the dedifferentiation 
of callus after 90 days from shoot-tips of Jojoba 
(Simmondsia chinensis Schneid). A modified Murashige and 
Skoog medium was employed with various levels of kinetin 
and NAA either individually or in combinations. Only 13% 
of the explants underwent organogenesis, and differentiated 
stems and leaves. The number of stems per culture was 1 to 
2, and that of leaves was 2 to 6. Complete plants were not 
produced because they were deficient of roots; however,
22.75% of the explants developed foots and root haris. 
Kinetin was found to induce leaf formation, whereas NAA 
induced rooting and inhibits leaf formation when added at 
alone or in combinations with kinetin.

Hackett and Anderson (1967) reported the use of 
shoot tips and shoot apical meristem (leaf primordia were 
removed) as explants for the propagation of Djanthus 
caryophyllus L. 'White Sim' and 'Red Sim'. Agar-gelled 
White's medium was employed with five times the concentra
tions of inorganic salts and 2 mg/L NAA. Shoot-tips pro
duced one simple plant per culture, whereas the shoot apice 
developed callus and adventitious buds. The initial callus 
was divided into small pieces each with a simple bud, then 
transferred to the same medium with the NAA concentration



reduced to 1 mg/L. Callus and short leafy shoots were 
formed. This tissue was multiplied by repeated subcultures 
on a Murashige and Skoog's medium, but auxins were excluded. 
Shoots 2-3 cm leaf developed. Roots were initiated by 
dipping the shoots in a root-inducing solution. The multi
plication of shoots appeared to be through the stimulation 
of the auxiliary buds; however, some plants of the 'White 
Sim' produced red flowers. Rackett and Anderson (1967) 
attributed this change to the separation of the chimeric 
components in vitro.

Callus tissue differentiated from the shoot-tips of 
the corm of Gladiolus hortulans L. 'Hit Parade' and 'Firma
ment ' was reported by Simonen and Hildebrant (1971). Callus 
was initiated on Murashige and Skoog's medium where IAA 
was excluded, and kinetin was added at the concentration of 
5 mg/L. Maintenance of the callus and organogenesis were 
achieved on an agar-gelled Murashige and Skoog's nutrient 
medium supplemented with 0.5 mg/L Kinetin, and 0-1 mg/L NAA. 
Plants developed from cultures established from virus in
fected mother plants were free from visual virus symptoms.

Adams (1972) isolated shoot tips composed of the 
apical meristem plus one to three leaf primordia from the 
stolon of Fragaria sp. (Strawberry). Murashige and Skoog's 
nutrient salts, vitamins, 1 mg/L IBA and 0.1 mg/L BA. The 
plants were ready to be transferred to the soil after two
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months. The medium used in a liquid formulation. However, 
attempts to proliferate plants through reculture of the 
small shoots in an agitated liquid medium were unsuccessful.

Ha and Shii (1972) reported the proliferation of 
Musa cavendissii Lamb. by the decapitation of the shoot 
apice excised from suckers. Agar-solidified Smith and 
Murashige medium was employed. Around the cavity which 
resulted from decapitation, one-to-three rows of adventi^- 
tious buds formed, with an average of 9.5 buds per explant 
within eight weeks. Dominant shoots developing near the 
decapitation cavity suppressed the growth of those develop
ing on the periphery. The dormant buds were separated and 
recultured, on the basal medium where kinetin, adenine sul
fate and tryosine were excluded leaving IAA. Some of the 
buds developed into plants, however, most of them remained 
dormant.

Shabde and Murashige (1976) investigated the hor
monal requirements of excised Dianthus caryophyllus L. 
shoot apical meristem. Rooted plants developed on an un
supplemented medium were used when two of three pairs of 
subjacent leaf structures were present. When Kinetin was. 
added alone, several new leaves were produced, but growth 
was significantly smaller than when kinetin was combined 
with IAA. The auxin alone induced callus, roots, and few 
leaves, Gibberellin and Abscisic acid did not promote
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shoot or leaf formation. It has been proposed that the 
fundamental mechanism that regulates new. leaf initiation 
in the shoot apex, is a hormonal balance. This hormone is 
synthesized in the young leaf structures and relocated in 
the meristem.

Lateral. Buds
Funjino, Fujimura and Hamada (1972) reported the 

formation of adventitious buds from lateral buds of Iris 
holandica. The optimum formation of adventitions buds was 
promoted on a modified Kano's agar-gelled nutrient medium 
minus peptone, and supplemented with 8 mg/L Adenine sulfate 
and 1 mg/L NAA and BA. The buds were separated and recul
tured on the same medium to increase proliferation. Shoot 
elongation and rooting were enhanced by the removal of BA 
from the medium.

Miller (1976) reported a successful multipli
cation of Scihdapsus aureus Engler through lateral 
buds. An agar-gelled medium composed of Murashige and 
Skoog's nutrients was recommended for the propagation of
S. aureus. Three stages of the culture were defined for 
this method: initiation of aseptic culture, shoot multi
plication, and preparation of the culture for soil. In 
the first stage, freshly excised lateral buds were cultured 
on the basal medium, plus 3 mg/L 2 ip ((6-(3-methyl-2- 
butenylamino)purine)); 3-10 mg/L IAA 160 mg/L Adenine



sulfate (Ads) and 170 xng/L Sodium phosphate (NaP) . The 
rapid multiplication of shoots required 10 mg/L 2 ip, 160 
mg/L Ads and 170 mg/L Nap. and no need for amcins in this 
stage because the large leaves will provide that naturally. 
Miller recommended high auxin concentration (10 mg/L IAA) 
and high light intensity for the last stage.

The rapid multiplication of Aechmea fasciata Baker 
and some other bromeliads was reported by Jones and 
Murashige (1975). Three stages of culture were recommended: 
(1) establishment bf initial cultures, and lateral buds used 
as explants, (2) rapid shoot multiplication, and (3) prepara 
tion of shoots for transfer to the soil. The excised buds 
were kept in an ascorbic acid-citric acid solution to pre
vent oxidation of the tissue. Murashige and Skoog's medium 
was employed in all stages. In the first stage a liquid 
medium consists of the basal medium plus vitamin, 2% sucrose 
150 mg/L citric acid, and 1.74 mg/L IBA and NAA, The cul
tural conditions were 26-27°C, 1000 Lux light intensity for 
16 hr duration. In the shoot multiplication stage a sta
tionary liquid nutrient medium was employed, supplemented 
with the following growth factors: 85 mg/L Na B^PO^-I^O, 
bitamins, 3% sucrose and 2 mg/L IAA and kinetin. In the 
last stage of preparing the plants for soil conditions, the 
Shoots were recultured in stationary liquid medium supple
mented with vitamins; 3% sucrose and 2 mg/L IAA. The light
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intensity was 10,000 Lux to enhance shoot elongation and 
leaf development. A total of three recultures was recom
mended for the first stage, two recultures for the shoot 
multiplication, and one pretransfer culture.

Yang and Clore (1973) reported the multiplica
tion of asparagus, through lateral buds. The ex
plants were cultured on an agar-gelled nutrient medium 
composed of Murashige and Skoog's salts, vitamins, 37= 
sucrose, and 0.05-0.1 mg/L NAA. The cultural conditions 
were 27°C, 16 hr light duration per day, using 1000 Lux 
fluorescent illumination. The shoots were cut into one bud 
stem segments for subsequent cultures. Stem segments 
excised from the basal portion of in vitro grown spears 
produced a higher percentage of shoots and plants compared 
to those excised from the top and middle portions of the 
shoot. Prior to the transfer to soil, the plants were 
recultured on a basal medium without growth regulators.

Gavinler.tvatana, Read and Brenner (1976) investi
gated the effects of NAA, kinetin and their interactions on 
asparagus tissue culture. Lateral buds and stem segments 
with lateral buds attached were used as explants. NAA at 
the levels of 0.10 mg/L to ,50 mg/L combined with 0.1 mg/L 
kinetin induced callus and root formation at the base of 
lateral buds at the point where they contacted the surface 
medium. NAA alone at the level of 0.05 mg/L to 0.1 mg/L
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induced callus formation. Shoot development was promoted 
by 0.05-0.5 mg/L NAA plus 0.1 mg/L kinetin, however it was 
inhibited when the kinetin level was raised to 0.5 mg/L. 
Kinetin alone stimulated callus formation and shoot growth 
to a lesser extent compared to NAA.

Stem-sections Culture
Kartha, Gamborg and Constabel (1974) reported the

formation of plants directly on internode sections excised
from Brassica napus L. 'Zephyr'. Shoots were initiated when
the internode sections were cultured in an agar-gelled
medium composed of Murashige and Skoog's salts, vitamine as

-6in B5 medium, 3% sucrose, and 5 x 10~ BA under 26oC and 
16 hr light duration. Within 20 days the maximum number of
shoots developed per explant was 15. Roots initiation

5 6occurred at 10 to 10 M IAA or NAA with the exclusion of 
BA.

Sheridan (1968) investigated the development of 
callus and the adventitious formation of Lilium longiflorum 
Thumb plantlets. The terminal 2 cm stem section after the 
surface time was removed have been recommended as a suit
able propagule.. The explants were cultured oh Murashige 
and Skoog's salts, vitamins and 4% sucrose. Buds and plants 
were developed on the surface of the stem sections.
Callus initiated on a basal medium supplemented with 2 
mg/L IAA. Organogenesis was faster where the callus was.
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subcultured on a rotated liquid medium after three or four 
months

Rapidly growing callus from soft green internode 
sections or orthotropic stems of Coffea canephora Pierre was 
reported by Staritsky (1970). A modified Hurashige and 
Skoog medium Was employed. Callus induction was only 
possible under dark conditions at 28°C. Embryos developed 
a compact form of callus, and when the embryos were trans
ferred to the light, complete organogenesis occurred. High 
light intensity was found to be detrimental to both callus 
and plants.

Stem internode sections of tobacco were used as 
explants by Skoog and Tsui (1948). Bud formation was in
duced by adenine, whereas root initiation brought about by 
NAA. Also it has been found that NAA inhibited bud forma
tion on the internode sections.

Skoog and,Miller (1957) demonstrated the importance 
of adenine on the increased number of adventitious buds.
Low IAA concentration reduced the number of buds markedly, 
both in the presence and absence of adenine, but high con
centrations of adenine masked the inhibiting effect of IAA.

Grinblat (1972) reported organogenesis of callus 
tissue from stem sections of Citrus madurensis Lour. The 
explants were placed on an agar-gelled nutrient medium com
posed of Hurashige and Skoog's salts, vitamins, and 5%
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sucrose. Callus developed and organs differentiated from 
the callus time. Shoots were formed on a basal medium 
supplemented with malt extract alone, furthermore at 
various concentrations of NAA and BA buds and shoots were 
formed. Maximum bud number was obtained with 500 mg/L 
malt extract, 0.1 mg/L NAA and 10 mg/L BA added to the basal 
medium. Roots initiated on the basal medium alone or when 
supplemented with 0.1 mg/L NAA and 500 mg/L malt extract.

Leaf Culture
Norah and Gumming (1976) reported the production

of 500 plants from a single leaf of Saintpaulia ionantha
\Wendle. Shoots proliferated on leaf sections of African 

violet on Murashige and Skoog's medium supplemented with 
5.4 uM-NAA, 22 uM BA and 308 uM adenine sulfate. Growth 
of the.rudimentary shoots, and root formation was completed 
on Morel and Muller mineral salts after the exclusion of 
the growth regulators and. the reduction of sucrose concen
tration.

Lee, Skirvin and Janick (1976) reported the use of 
discs from young leaves of Salpiglossis sinuata L. as ex- 
plants. Callus developed on Murashige and Skoog's nutrient 
medium supplemented with 0.1 ppm NAA and 0.0-0.1 ppm 
kinetin. Roots were initiated by the increased concentra
tion of NAA to 4.0 ppm. Shoot development obtained at 1.0



or 2.0 ppm kinetin and 0.0-0.1 ppm NAA. Maximum shoot 
number was obtained on the basal medium supplemented with
0.1 ppm NAA and 2.0 ppm kinetin.

Chanurvedi and Mitra (1974) initiated callus from 
stem and leaf segments excised from in vitro grown seedlings 
of Citrus grandis Osbeck and C. sinensis Osbeck. Murashige 
and Skoog medium supplemented with 2.5 mg/L NAA and 0.25 
mg/L kinetin and 2,4-D, was satisfactory. One gram callus 
explants initiated an average of 30 shoots within 60 days 
on the basal medium supplemented with 0.25 mg/L BA and 0.1 
mg/L NAA. The shoots vigor was increased by the addition 
of malt extract with NAA and BA. Twenty to 30 shoots de
veloped from subcultures of a single shoot. Roots developed 
on the basal medium supplemented with 0.5 mg/L NAA or 0.25 
mg/L NAA or 0.25 mg/L NAA plus Indole Butaric acid.

Shigematsu and Matsubara (1972) employed leaf seg
ments of Begonia to develop adventitious buds. Leaf 

2segments 3 mm were cultured horizontally on White's agar- 
gelled medium. The cultural conditions were 25°C, and 11 
hr light duration. The explants developed adventitious buds 
on the surface. Mutations were induced by 10 Krad of gamma 
rays at the rate of 0.2 Krad per hour. Through this method 
the desirable variegation of leaves was obtained.

Rao, Handro and Hamada (1973) employed stem and 
leaf segments of Petunia ihflata and P. hybrida as explants.
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Callus growth and differentiation of embryos promoted by 
2,4-D added to the basal medium. The adventitious embryos 
eventually developed into plantlets.

Root Culture
Danckwardt-Lilliestrom (1957) initiated shoot forma

tion on excised roots of Isatis tinctoria in vitro. Shoot 
formation was found to be induced by kinetin at the concen
tration of 121.80 ug/L supplemented to Bonner’s basic 
nutrient solution. Furic tartrate was substituted for 
ferric citrate and citric acid, and the sucrose concentra
tion was reduced to 2% and that of Nicotinic acid to 0.1 
mg/L callus formed in about a month. Kinetin reduced root 
growth, and the callus formation occurred on medium con
taining only the salts, vitamins and sucrose.

Norton and Boll (1954) reported the regeneration of 
shoots from roots of tomato plants via subculturing of the 
callus. Callus and shoots were initiated on White’s medium 
in the dark. When these shoots and calluses transferred to 
Gautheret*s medium supplemented with 10. mg/L Cystoslne callus 
growth stopped, but shoot development was restricted.
Callus growth and shoot development were resumed after the 
callus and shoots were transferred to Gautheret's medium 
supplemented with 40 mg/L Adenine.



■ 21White (1943).observed shoot formation from callus 
on isolated, dandelion roots in vitro.

Halperin (1966) reported two types of regeneration 
(rhizogenesis and embryogenesis) on wild carrot all suspen
sion obtained from the roots. Murashige and Skoog’s medium 
was employed in a liquid formulation.



MATERIALS AND METHODS

Experiment #1 
Yellow variegated plants of Scindapsus.aureus 

Engler (Pothos) grown under greenhouse-controlled condi
tions were used for the experiments. The node plus 2.5 mm 
internode sections from either end were used as explants. 
The leaves were removed to expose the axillary bud and all 
roots were removed. The explants were sterilized in petri 
dishes containing 0.5% sodium hypochlorite (commercial 
bleach diluted 10-fold containing 2 drops Tween 20 emulsi
fier per 100 ml). The sodium hypochlorite solution was 
removed after 20 min with a Pasteur pipet, after which the 
tissues were rinsed three times with autoclaved distilled 
water. Transfer of the tissues to the nutrient media com
pleted under aseptic conditions (UV light and continuous 
air current).

Test tubes, 25 x 150 mm, containing Murashige and 
Skoog's salts and organic constituents shown in Tables 1-A 
and 1-B were used to grow the culture.

The pH of all media was adjusted to 5.6 by adding 
a few drops of KOH.

22
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Shoots were separated from the stem sections and 

recultured in fresh media composed of the Murashige and 
Skoog's salts and organic constituents listed in Table 1-A 
and 1-B, plus 80 mg/L adenine sulfate and 170 mg/L sodium 
phosphate.• The tested growth regulators were NAA and kinetin 
applied individually or in combinations. NAA concentrations 
applied were .04, .08, .16, .32, .64, 1.28, 2.56, 5.12 
and 10.24 mg/L. Kinetin was applied at .05, .2, .8, 3.2 
and 12.8 mg/L. The number and the length of shoots were 
recorded four weeks after the second transfer. The first 
transfer was two weeks. The developed shoots were then 
separated and transferred individually to the basal medium 
with NAA (2, 4, 6, 8, 10 mg/L).

The basal medium supplemented with 170 mg/L sodium 
phosphate and 80 mg/L adenine sulfate> plus 3 mg/L NAA and 
5 mg/L kinetin (6-furfuryl amino purine) was employed for 
the initiation of aseptic culture. All the media were 
sterilized after the addition of Bacto-agar. Sterilization 
of the media was completed in an autoclave at 15 lbs 
pressure and 240°F. The media were removed and left in a 
refrigerator overnight to gel. The tissues were asepti- 
cally transferred and immediately placed in a growth chamber. 
The cultural conditions were 27?C continuously, with 16 hr 
of light duration at 400 foot-candle and 75% relative
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Table 1. Reference medium for all in vitro experiments.

Salt Mg/L

1-A: Inorganic salts--Murashige and Skoog1s medium

NH4 NO- y 3 1650
KNO- 1900
Ca C12-2H20 440
Mg S04-7H20 370
k h2p o4 170
Na2EDTA 37.3
Fe S04-7H20 27.8
h 2b o3 6.2
MnS04-4H20 22.3
Zn SO^•4H2O 8.6
K1 .83
Na2 MoO^ .25
Cu S04 -5H20 .025
CoC12-6H20 .025
Supplemental NaH2P04*H20 170.0

1-B: Organic Compounds
Sucrose
Bacto-agar
Thiamine * Hcl
Myo-Inositol
Adenine Sulfate .2H20

30 g/L 
9 g/L or 
0.4, 40, 
100 mg/L 
80 mg/L

8 g/L 
400 mg/L
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humidity. After four weeks the number and length of shoots 
were determined.

Experiment #2 
Shoots produced in vitro from experiment 1 were 

used to determine the effect of kinetin (3.2 and 6.4 mg/L) 
and thiamine. HC1 (.4, 40 and 400 mg/L) on the length of 
the shoots. •

All the cultural conditions in the first experiment 
were repeated here. Shoot length was measured after four 
weeks.

Experiment #3 
This experiment was conducted to determine the 

effect of light and nitrogen levels on the variegation of 
the foliage of Scindapsus aureus...

Shoots produced in vitro were selected on the basis 
of their sizes (6-8 cm long). The shoots were transferred 
to a rooting medium composed of Murashige and Skoog salts,
37= sucrose, .4 mg/L thiamine• HC1, 10 mg/L IAA, and 8 gm/1 
Agar. The light intensity was increased as suggested 
by Hiller (1976). The plants were then transferred 
to a mixture of 2 parts vermiculite to 1 part 
perlite.

Murashige and Skoog’s salts were dissolved in de
mineralized water, and diluted four times. All the nitrogen
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sources were excluded and 1400.6 mg/L KC1 was added to sub
stitute for the potassium in the KN03. The tested nitrogen 
levels were 760, 570, 380 and 190 and zero ppm.

The plants were grown under controlled condition 
in a growth chamber at 28°C, 400 or 800 ft-C light intensity 
and 16 hr duration.

The chlorophyll and carotenoid concentrations were 
determined after six weeks. The same plants were trans
ferred to another growth chamber at 800 ft-C and after six 
weeks chlorophyll and carotenoid concentrations were de
termined by Robbelen equation. .One-gram leaf samples; 
ground with 100 ml of 85% acetone and a pinch of CaCOg in 
a Waring blender. The acetone solution was then removed 
from the debris through a Buchner funnel. Optical densi^ 
ties at 663, 644 and 452 nm were calculated from a DK-2 
chart using a Bechman spectrophotometer.



RESULTS AND DISCUSSION

Experiment #1
The effect of kinetin, NAA and their combinations 

on shoot length is highly significant (Table A-1, Appendix 
A), The data in Table 2 indicates that higher levels of 
NAA stimulated shoot elongation, whereas higher levels of 
kinetin suppressed shoot elongation. There is a signifi
cant difference in the shoot length at the different levels 
of NAA (.04-10.24 mg/L). The average shoot length ranged 
from 7.81 mm to 28.52 mm (Table 2 and Figure 1). This is in 
agreement with Zimmerman and Wilcoxon (1956) who first re
ported the activities of NAA on cell elongation. Silberger 
and Skoog (1953) reported that auxin-indueed elongation 
was preceded by an increase in RNA levels. This increase 
in RNA level was shown to be antagonized by an antiauxin 
(Masuda and Tanimoto 1967). This auxin action is involved 
in changes of protein synthesis.

The reduction in shoot length is significantly 
different at the tested levels of kinetin (.05-12.8 mg/L), 
and ranged from 20.5 mm to 10.87 mm- (Table 2 and Figure 2). 
The inhibitory action of cytokinins on shoot elongation was 
reported by Fox (1964), and it seems to be highly

27
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Table 2. Shoot length as affected by different concentra

tions of kinetin and NAA, average shoot length 
was measured per tube then the average of 6 tubes 
was recorded (Experiment I).

mg/L Shoot Length . mg/L Shoot Length

.04 7.81 h* .05 20.50 e

.08 11.02 g .20 18.33 d

.16 14.76 f .80 16.27 c

.32 16.62 e 3.20 13.46 b

.64 18.96 d 12.80 10.87 a
1.28 19.66 c
2.56 21.69 b
5.12 21.93 b
10.24 28.52 a

* In each column means followed by different letters are 
significantly different at the 5% level according to the 
Student-Newman-Keuls' Multiple Range Test.
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Figure 1. Effect of NAA levels on average shoot length 
after 4 weeks in culture.
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correlated with the concentration of the growth regu
lator.

The interaction effect of the kinetin and NAA on 
shoot length is shown in Table 3 and Figure 3. It is 
clear that in some cases there is an antagonistic effect, 
and a synergistic effect in others. These effects are 
concentration-dependent, however, we cannot exclude the 
effect of endogenous growth regulators which are definitely 
interferring with exogeneously added regulators. The data 
in Table 3 and Figure 3 suggest that higher levels of kine
tin significantly reduced the ability of NAA to increase 
shoot length. Miller (1976) found similar interaction 
effects between auxins and cytokinin.

The number of shoots increased significantly with 
an increased concentration of kinetin (Table 4 and Figure 
4). This is in agreement with Danckwardt-Lilliestrom 
(1957). The suppressive effect of NAA on the number of 
shoots also follows an increased concentration of this 
growth regulator. There is a significant difference in the 
number of shoots at .04, .08 and (2.56, 5.12, 10.21/mg/L 
NAA (Table 4 and Figure 5).

Kinetin is known to induce cell division (Miller 
et al. 1955), and cytokinins in general work exclusively 
on cytokinesis (Torrey 1961). Cytokinins were reported to 
induce bud formation in different plant parts (Miller 1976).



table 3. Effect of NAA and kinetin interactions on shoot length. —  The 
average shoot length was measured per tube, then the average of 
6 tubes was coded.

mg/L
NAA

Shoot Length 
Kin. (mm) NAA

Shoot Length 
Kin. (mm) NAA

Shoot Length 
Kin. (mm)

.04 .05 6.87 u,v* 2.56 .20 31.80 b* .32 3.2 13.33 l,m,n,o,p.q*

.08 ,05 11.72 p , q, r, s 5.12 .20 23.88 e ,64 3.2 14.28 k,l,m,n

.16 .05 20.00 g»h 10.24 .20 20.63 f ,g 1.28 3.2 16.37 t,j,k

.32 .05 19.83 g*h .04 .80 9.83 s > t 2.56 3.2 24.00 e

.64 .05 25.67 d, e .08 .80 11.85 p,q,r,s 5.12 3.2 16.72 l,j
1.28 .05 29.00 c .16 .80 14.62 l,m,n,o,p 10.24 3.2 12.33 n , o, p , q
2.56 .05 37.17 a .32 .80 14.93 j,k,l,m .04 12.8 6.07 v,w
5.12 .05 25.83 d,e .64 .80 15.58 j,k,l .08 12.8 4.65 w,x
10.24 .05 24.67 e 1.28 .80 19.02 g»h . 16 12.8 8.98 t,u

.04 .20 6.25 v,w 2.56 .80 27.00 d .32 12.8 13.10 m,n,o,p,q

.08 .20 14.83 j,k,l,m 5.12 .80 25.00 d, e .64 12.8 14.52 j,k,1,m,n

.16 .20 16.67 10.24 .80 18.17 h,i 1.28 12.8 15.03 j,k,1,m

.32 .20 18.43 g,h,i .04 3.2 8.73 t j u 2.56 12.8 17.97 h, i

. 64 .20 22.12 f .08 3.2 10.17 r,s,t 5.12 12.8 11.33 q t r, s
1.28 .20 20.55 f ,g .16 3.2 12.18 n,o,p,q 10.24 12.8 13.37 1,m,n,o,p

* Means followed by the same letter are not significantly different at the .05 level 
according to the Student-Newman-Keul's Multiple Range Test.
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Figure 3. Distribution of the shoot length (mm) developed 
by different combinations of kinetin and NAA. -- 
Combinations of the growth regulators in the 
area bounded by 25 line and the x-axis developed 
shoots 25 mm in length or longer; combination in 
the area bounded by lines 25 and 20 developed 
shoots 20-25 mm long; combinations of kinetin and 
NAA in the area bounded by the lines 20 and 15 
developed shoots 15-20 mm long; and combination 
in the area between the line 15 and the y-axis 
developed shoot 15 mm long.
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Table 4. Effect of NAA and kinetin levels on the number 

of shoots. -- The average of 6 tubes was coded.

NAA
mg/L

Number of 
Shoots

Kin. 
mg/L

Number of 
Shoots

0 1.33 0 1.33
.04 3.83 a* .05 1.95 c
.08 2.22 b .20 8.17 d
.16 1.89 be .80 11.17 c
.32 1.89 be 3.20 14,33 b
.64 1.92 be 12.8 16.50 a
1.28 1.94 be
2.56 1.47 cd
5.12 1.44 cd
10.24 1.14 cd .

* In each column means followed by the same letter are not 
significantly different at the .05 level according to the 
Student-Newman-Keuls' Multiple Range Test.
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Figure 4. Effect of kinetin levels on the average number 
of shoots developed in 6 tubes.
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The results obtained by the kinetin levels are in agreement 
with those of Miller and Torrey.

Although there are conflicting ideas, concerning the 
mode of action of cytokinins, there, is some agreement that 
auxins antagonize the action of cytokinins (Skoog and Tsui 
1948> Fox 1964). The data in Table 5 suggests this antago
nism. A balance between the auxin and cytokinin level, 
was maintained at .04 and 12.8 mg/L respectively (Table 5). 
This treatment produced high numbers of shoots (7.33 
shoot).

Comparing the data in Tables 3 and 5, it seems that 
each growth regulator antagonizes the other; therefore, 
shorter shoots are associated with larger numbers of shoots 
at the maximum kinetin concentration, and vice-versa with 
the auxin concentration. This comparison does not mean that 
a growth promoting balance between cytokinin and auxin 
could not be maintained. Tables 1-A, 2-A and 3-A (Appendix 
A) indicate that:

1. Naa has a greater effect on shoot length.
2. The kinetin effect is greater on the number of 

shoots.
3. Thiamine increased the length of the shoot signifi

cantly without reducing the number of shoots.



Table 5. Effect of NAA and klnetin interactions on the number of shoots. --
The average number of shoots was calculated from 6 tubes.

mg/L
NAA Kin.

No. of 
Shoots NAA Kin.

No. of 
Shoots NAA Kin

No . of 
Shoots

.04 .05 2.11 d, e 2.56 .20 2.00 d,e .32 3.2 1.83 d,e

.08 .05 1.67 d,e 5.12 .20 1.50 e . 64 3.2 1.67 d,e

.16 .05 1.50 e 10.24 .20 1.17 e 1.28 3.2 1.50 e

.32 .05 1.67 d,e .04 .80 2.83 b,c,d,e 2.86 3,2 1.33 e

.64 .05 1.50 e .08 .80 1.67 d,e 5.12 3.2 1.17 e
1.28 . 05 1.33 e . 16 .80 1.50 e 10.24 3.2 1.00 e
2.56 .05 1.00 e .32 .80 1.33 e .04 12.8 7.33 a ^
5.12 .05 1.00 e .64 .80 1.33 e .08 12.8 3.33 b,c,d,e
10.24 .05 1.00 e 1.28 .80 i. bo e .16 12.8 3.00 b,c,d,e

.64 .20 2.50 d,e 2.56 .80 1.00 e .32 12.8 3.00 b , c, d, e

.08 .20 1.83 d» e 5.12 .80 1.00 e .64 12.8 3.16 b,c,d,e

.16 .20 1.67 d , e 10.24 .80 1.00 e 1.28 12.8 4.50 b.c

.32 .20 2.17 d,e .04 3.2 3.83 b,c,d 2.56 12.8 2.50 d,e

.64 .20 2.67 c,d,e .08 3.2 3.00 b,c,d,e 5.12 12.8 3.00 b , c, d, e
1.28 .20 2.17 d, e .16 3.2 2.33 d,e 10.24 12.8 1.67 d,e

* Means followed by the same letter are not significantly different at the .05 level 
according to the Student-Newman-Keuls' Multiple Range Test.
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. Therefore, it is possible to maintain a balance 
between the cytokinin and auxin when a third growth factor 
such as thiamine is manipulated.

All the tested levels of NAA initiated root forma- 
„ tion. Furthermore, the rates of root development were pro 
portional to the concentration of NAA.

Experiment #2 
Thiamine, promoted shoot elongation, 40 mg/L thia

mine significantly increased the shoot length (Table 6); 
however, .4 and 400 mg/L did not increase shoot length as 
much (Table 6). The data in Table 3-A (Appendix A) indi
cate that the effect of thiamine on shoot length is highly 
significant, whereas the effect of kinetin and the inter
action between thiamine and kinetin is not significant. 
These results confirm the results of Linsmaier and Skoog 
(1965) indicating that higher concentrations of thiamine 
enhance growth. Furthermore, high levels of thiamine did 
not reduce the number of shoots, but 400 mg/L completely 
bleached the chlorophyll (Table 6). Richmond and Lang 
(1957) reported that cytokinins could delay senescence of 
green leaves. Osborne and McCalla (1961) later confirmed 
these results.

The bleaching effect of higher levels of thiamine 
could be attributed to either of two possibilities.
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Table 6. The effect of kinetin and thiamine on the shoot 

length, number of shoots, and the variegation of 
S. aureus (Experiment 2).

Thiamine Kin.
Percent
Increase
Shoot
Length

Average
Numberof
Shoots

Percent 
Plants with 
Bleached 
Chlorophyll

.4 3.2 11.18 b* 12.6 00

.4 6.4 50.40 b 5.0 00

40 3.2 139.00 a 11.4 12.28
40 6.4 77.60 a 5.2 23.08

400 3.2 50.82 b 10.6 100
400 6.4 10.60 b 11.7 100

* Means followed by the same, letter are not significantly 
different on the .05 level according to the Student-Newman- 

Keuls' Multiple Range Test.



1. Thiamine prevented the kinetin to move from the 
medium to the tissue.

2. Thiamine brought about some changes in the pathway 
of the kinetin within the tissues.

Further investigation is required to verify this
point.

Results from a preliminary experiment showed that 
the bleaching effect of higher levels of thiamine could be 
eliminated when NAA (2 mg/L) was added, or when the shoots 
were cultured unattached from the stem sections. ■Thiamine 
is known to be involved in the reactions which lead to the 
formation of acetyl-GOA, hence it affects respiration and 
protein synthesis. This logical pathway might give a clue 
as to how thiamine stops the synthesis of chlorophyll. The 
bleached shoots at 40 mg/L thiamine (Table 6) were very 
small in size. This suggested that the chloroplasts of the 
dividing cells were affected by the thiamine level.

Experiment #3 
The data in Table 7 indicate that an increase in 

chlorophyll concentration corresponds to an increase in 
nitrogen level. There is no significant difference among 
the treatments of 380, 570 and 760 ppm nitrogen with the 
two light-treatments (400 and 800 ft-C). There is a 
significant difference among the treatments
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Table 7. The effect of nitrogen and light on the variega

tion of leaves of S. aureus: the concentration of 
chlorophyll and carotenoids was determined as 
outlined in Materials and Methods (Experiment 1).

PPM . S / g / ^ e s h V . u/g/tFnw!'dS chlorophyll7

760 400 1.60 a,b* .50 b .32 a,b
760 800 1.72 a .46 b .27 b

570 400 1.36 a,b .54 a,b .40 a
570 800 1.36 a,b .52 b .38 a,b

380 400 1.34 a,b .64 a .48 a,b
380 800 1.48 a,b . 55 a .37 a,b

190 . 400 1.19 b .56 a .48 a,b
190 800 1.22 b .46 b .38 a,b

00 400 .82 c .45 b .57 a
00 800 . 71 c .31 c .44 a,b

* Means followed by the same letter are not significantly 
different at the .05 level according to the Student-Newman- 
Keuls' Multiple Range Test.
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(760 ppm N x 800 ft-C), (190 ppm N x 400 and 800 ft-C) 
and when nitrogen was not applied (Table 7). Furthermore, 
the effect of nitrogen on chlorophyll concentration is 
highly significant, whereas that of light and the.inter
action between light and nitrogen is not significant 
(Table 4-A, Appendix A).

The pattern of carotenoid distribution followed 
light-intensity rather than nitrogen concentration (Table 
4-A, Appendix A). The effect of light is highly significant 
but the effect of nitrogen, and the interaction between 
light and nitrogen, is not significant. Furthermore, there 
is a significant difference between 400 ft-C and 800 ft-C 
when 190 ppm nitrogen was added, or when nitrogen was not 
applied (Table 7). Moreover, higher concentrations of 
carotenoids correspond to the lower light intensity. The 
minimum concentrations of chlorophyll and carotenoids pre
vailed in the absence of nitrogen.

The calculated carotenoids/chlorophyll ratio showed 
no significant difference among the treatments except for 
(760 ppm x 800 ft-C), (570 ppm x 400 ft-C) and (00 ppm x 
400 ft-C). See Table 7.

The effect of nitrogen on this ratio is highly 
significant, but that of light is not significant. The . 
interaction between light and nitrogen has greater signifi
cance than when tested separately (Table 4-A, Appendix A).
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These results reflect the importance of the, interactions 
between light and nitrogen in the determination of the 
chimeric components’ concentrations of S. aureus.

Thimann, Telley and Van Than (1974) found a correla
tion between chlorophyll concentration and the green area of 
the leaves of Arena sativa. This suggests that the area of 
the green portion of the leaves of S. aureus could be re
lated to the chlorophyll concentration. Moreover, the 
yellow area correlates to the concentration of carotenoids. 
There is evidence that each pigment may dominate at pertain 
environmental conditions. As indicated before, higher 
concentrations of chlorophyll corresponded to lower caro
tenoids under 800 ft-C (Table 7). Furthermore, the situa
tion is reversed in the case of low light intensity (400 
ft-C), thus, the concentrations of the chimeric components 
of S. aureus do change with the environmental conditions.

Correns (1909) reported the maternal inheritance 
of the chimera on the leaves of Mir ab it is .jalap a (Four 
O'clock plant). Hence we Can infer that the variegation 
of SV aureus is inherited similarly. Kting (1976) reviewed 
Tobacco Fraction 1 protein and showed that this protein 
consists of eight large and eight small sub-units. The 
larger sub-units are stable and coded for by chloroplastic 
D.NA, and their inheritance is solely through the female 
plant. The smaller sub-units are unstable and inherited
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through both parents. This suggests an evidence that pig
ments of the chloroplast which change with the environment, 
could be affected by chloroplastic DNA and nuclear DNA. 
Chlorophyll synthesis requires protein and light (Aoki and 
Ease 1964, Sironval 1.9.63).. It's known that protein synthe
sis is affected by photosynthesis and respiration which are 
greatly influenced by environmental conditions. Thus, any 
changes in the chimeric components of S_. aureus are related 
to the nature of its inheritance, and the growing conditions.



SUMMARY AND CONCLUSION

Kinetin increased the number of shoots, and this 
increase was proportional to an increase in its concentra
tion. NAA had a significant effect in increasing shoot 
length. Maximum shoot length was obtained at the maximum 
concentration of the auxin. There was an antagonistic 
effect from each of the growth regulators on the action 
of the other. Thiamine at 40 mg/L developed satisfactory 
shoot length without reducing the number of shoots as was 
the case in NAA when applied with kinetin. Thiamine applied 
at 400 mg/L brought about complete bleaching of the chloro
phyll. Further studies on the effect of thiamine may 
determine its mode of action on chlorophyll synthesis, and 
on the cell elongation process. The variegation of Ŝ. 
aureus is highly responsive to the interaction of light 
and nitrogen. The concentration of chlorophyll and caro- 
tenoids do determine the kind of the variegation which is 
most probably controlled by cytoplasmic inheritance.
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Table A-l. Experiment 1: Analysis of variance of the

effect of kinetin and NAA and their combina
tions on the shoot length.

Source of Variation DF Mean Square F

NAA 9 1474.094 1005.834**

Kinetin 5 987.211 593.139**

2-way Interation 45 45.575 27.382**

Residual 300 1.664 27.382**

** Significant at the .1% level.
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Table A-2. Analysis of variance of the effect of kinetin, 

NAA and their combinations on the number of 
shoots (Experiment 1),

Source, of Variaton DK Mean Square F

NAA 9 215.612 198.011**

Kinetin 5 85.898 78.886**

2-way Interactions 45 18.251 16.761**

Residual 300 1.089 16.761**

** Significant at the .1% level.
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Table A-3. Analysis, of variance for the effect of kinetin 

and thiamine on shoot length (Experiment 2).

DF Mean Square F

Replication 4 1931.81473 .88258*

Kinetin 2 4607.89219 2.10518*

Thiamine 1 19751.03568 9.02356**

K x T 2 5940.18220 2.71386*

* No significant difference.
** Significant at the .1% level.



Table A-4. Analysis of variance for the effect of nitrogen and light on the 
concentration of chlorophyll carotenoids and the carotenoids/ 
chlorophyll ratio (Experiment 3).

QP Chlorophyll Carotenoids
Carotenoids/
Chlorophyll

Mean square F Mean Square F Mean Square F

Nitrogen 4 .86973 19.39857** .05025 2.08948* .04697 3.33564
Light 1 .01457 .48500* .06249 25.77106** .06600 6.24733
Nx L 4 .02047 .68161* .00297 1.22363* .00316 .29897*
Residual 14 .03003 .00242 .01056

* No significant difference.
** Highly significant.
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