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- ABSTRACT

Papaya, Cafica papaya var. Solo Noa'S; 5 mm 1ong'»1
shoot tips and 3 mm long stem segmants with'their.axillary
buds were excised and cultured éseptically on modified
Murashige and Skoog's medium. 1-10 ppm kinetin was added
alone and in combination with 10-20 ppm. IAA; 5-30 ppm IBA,
and 1-5 ppm NAA to determine the proper treatment with ﬁhich
to obtain plantlets. Kinetin had a specific effect in in-
- &ucing shost.formation, especially at a level of 1 ppm. Of
the three auxins tested, IBA was superior in giving maximum
growth of callus and in inducing root formatiqn° The major=-
ity of induced roots were negatively geotropic and formed:
root hairs. OtherS‘whicﬁ grew into the medium were devoid -
of root hairs. Cultured stem segments produced poor growth.
.énd_léaf production. The largest number of complete plant-
lets were. obtained after tr&néfefring shopts which had
" formed on the medium supplemented with 1 ppm kinetin to the

medium containing 1 ppm kinetin pius 5> ppm IBA.

viidi



INTRODUCTION

Papaya (Caricé Papaya L.), which‘originated in
tropical parts éfvthe 01d WOrld, has long been used either
as a soﬁrée of food or for medicinal purposes. Besides its
~'popu1arit§ as érfresh'fruit; it is used for making canned
food, jam, crystalized fruit, pickles, ice.creaﬁ flavoring,
- and éarbonated soft drinks (Ochée et al., 1961). Papain, a
- proteolytic enzyme, extractéd by scarifying the skin of unripe
- fruit, is used by thé medical profession wherever a digestive
aid is required. It isfused for chronic'diatrhea in children,
duqdenal ulcers, a cure fof ringworm, for chronic eczema, in

. face creams, in treating pyorrhea with its digestive action

on the unhealthy pus of teeth, on tumors in cases of cancerous _

.'growths; and to bring on abortion if used in large doses
‘(Ffrenc:,h.9 1972)0» Papain as a meat tenderizer has long been.
used'eithér bj applying it directly on the meat or by‘inj¢Cn
‘ting it into the blood Stream,of beef cattle before slaugh-
tering. }It is also reported ihat papain can be used as a

- blood an;icoagulant (Pillai, 1955) which giveé it the
'poténtial to be used in digesting-ﬁload stains on wool
'cléthing because it revives the wool fiber rather thaﬁ‘

1



2
,breakingnito Abert‘from the use of pPapaya leaves for i:e‘.«:1¢:§.e°.r==
izing meet by wrafpingjﬁhe meatrin,the leaves and learing it
‘.overnight; leaves alsovcan be used for making tea after they
:are ferﬁented ' Lloyd (1972) reported that papaye frult and
seeds have a hlgh 1eve1 of nltrate reductase enzymes° Hine9
- Aragaklg and Tokuraga (1965) took advantage of ‘the proteolytu
ic act1v1ty of papaln by usrng it to stop the. moblllty and

r@auSLng the death of zoospores of Phythlum paras:.tlca9 Phythc

Vlum aphanldermatum, Phytophthera paraSLtlca, and Al Zces ax-

- buscula° It has been reported by Badami and Daulatabad (1967)

that papaya seeds are a good source of oil eon51st1ng of lau=
ric, myrlstlc9 pa]:mltrc9 stearle, archldls behenlc hexade-—-
‘ een01c,vole1c, and 11.nolelcaclds° El»Tayab Marquls9 and
Kucerova (1974) have reported the rlchness of papaya seeds
ra souree of aglycone of glucotropalolln benzyl lsothlocynete
“(BITC) for its antlblotlc and.pharmaeologlcal act1v1t1es and
‘iﬁs tox1@1tyo_.The‘useful_propertles of papaya are not lﬂmmre
ited to'frﬁitgsseeds; ehd leavee -butralso are.found'in.male
1and female flowers in the form}of thlrteen.magor amlno aelde
V(Kas:ma,thans Rama.kr::.s‘!:a:nnxa‘.:‘a9 and Srlnlvsans, 1965)0 |
E All of the above poxnts establlsh that papeye as a

'fvery 1mportant eropor At the present t:tme9 however9 the only

: satlsfaetory wayxof propagatrng,thls-pl&&t'ls.sexuelly‘by

e .



seeds., Tissue culture has #he potential.of-being a satiS=
factory asexﬁel metﬁod’for the.reproduetion of papaya piants°
Some investigators, howevers.have suceeeded'in ﬁropagating,
this species either by cuttings (Allan, 1964; Sen Gupta and
Chattopedhaya, 1954° Traub and Mershall, 1937), grafting
(Langs 1969; Rlccellls\ 1963; Jimenez, 1959; Hancock, 1940),
or by embryo culture (Phadnls, Budrukkar and Kaulgud 1970)0
Grafting has not been successxul since the hollow papaya
stem makes it susceptible to breakage,under windy.conditionse
Due to the nonbranchlng growth habit of the plant, on the
other hand the amount of stem cutting materials is limited.
Papaya callus has been lnduced by transferring and subse-
‘.quent subcultﬁring of 1% inch seedlings for periods of two.
years using mod1f1ed White and Risser's medium containing
0. 4 ppm of 2,4~ dlchlorophenoxyacetlc acid. (Medora Campbells
and Mell, 1973) The 1ntent of Medora and his colleagues
was not to propagate the plant but.only to prove the
presence of proteolytic activityAin the papaya callus.
'Céllus~tissﬁe is nothing more than a mass of undif-
ferentiated paranchyma cells. Cambium tissue, if formed in
this callus under suitable cenditibﬁs9 will‘differentiate.
into xylem and phloeme' Seeh differentiatiqn-can be induced

by grafting a bud where callus differentiates in the grafting
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ﬁnion° -This also can be done inrﬁhe absence of a bud herely
by. supplying the tissue.with appropriate concentrations of
- growth fegﬁlators and nutritional reqﬁirementsb, Skoog and
Téui (19&8)'found that adenine induces bud formation. Naphm |
fhaleﬁéaceﬁic acid (NAA) stimulates root formation. The
:suggestion of Skoog_and»Tsui was that almost complete control
of growth can-be obtéined by the application of differenﬁ
concentrations of auxin and thokininsrto the synthetic media.

Utilizing the above information it should be possib1e 

to propagéte papaya plants by meéns of tissue culture,

| The purpose of this study was an attempt to propa-
gate papaya plants by cultﬁring the shdot‘tips and the
axillarybxids° The effect of growth regulators in inducing
shoots plus roots and/or callus from the cultured tissﬁés
was studiéds If complete plantlets coﬁld be bbtained by
this technique, then it would be possible to: (1) eliminate
. the problem of genetic variability in plants oﬁtéined from
seeds while maintaining desirable characteristics; (2)‘
produce pathogén;ffee papaya clones; (3) acceleratemtﬁe slow
"rate of feproductivity of this S?écieé;“(4)'6btain the |
desired quantity of iemale plants. :Exceﬁtmin the casé of
bisexualss.SOZ male and 50% female plants are:usuaily |

obtained by sexual propagation. The desired ratio in a



papaya orchard is one male to every ten to .fifteen females.
-Propagation by meristem culture, as a vegetative process,
eliminates many of the problems encountered with sexual

propagation,



LITERATURE REVIEW

General

Culture in vitro of plant cellé, tissues, and orgaﬁs
has stimulated the interest of botanists for many years,
The history of plant tissue culture goes as far back as 1902
when the German botanist, Haberlandt; firét attemptedAto |
»_grow-plant cells on a synthetic medium, His failure can be
attributed principally to two factors: tﬁe‘firstvbeing the
~use of materials we now know are difficult to culture; the .
second being that the use of nutritional reéuirements an&
growth regulators were not clearly understood: }However;
Haberlandt was ﬁhe first in formulating the concépt of.toti-
potency of plant cells. Many investigators haveitried,to
cultivéte'plants b? means of thié techniéué, Tulecke and
Nickell (1959) werevthe first to successfully grow a number
f-of plantitissﬁes by'submerged'culturge
Plant tissué,culture can be catagbrized into: plant
- culture ¢énsisting of cﬁlturing seedlings or 1argér plants;
':embryo culture using isolated mature or immature embryds;.
érgan culture inéluding isolated org&ﬁs such as foots, stems,
leaves, flowers and flower partsgiffuités and bérk; tissue. 

6



7
- oxr callus culture using tissues arising by proliferation froﬁ
explants of plant organs; and finally suspension culture of

isolated cell oxr cells susPeﬁdéd in a2 liquid medium.

: Embrvo Culture

Embryo culture can be consi&ered as the oldest method
used. Many investigators have tried excising embryos 6f}1
diffefgnt species for the éurpose of.stndying their structure
and physiology. The first attempt to culture excised embryos
on a nutrient solution was ma&e by Brown and Morris (1890).
vOrchid seeds; which, due to theirlléck'of stored fooé éfe‘
little more than naked embryos, were germinated successfuily
on nutrient agar by Knudson (192&) .fhe-main objective of
embryo culture is to make use of embryos which would other-
wise abort if left to develop within the fruit. Lalbach -
(1929) demonstrated, for the flrst tlme9 the poss1b111ty of
using this technique in genetic studies. In certain inter-
specific c&essesrin &ggg@;'the fruit %as féuné to be shrunken
and the sée& inviablé, but when the embryos of such seeds |
were excised and placed on & sucrose medium;'gérmination was
induced. Ovekcoming seed dormancy is the other~advanﬁagé §f
émbry@ céltureo Seeds of some horﬁicuituralAcreps may r@é"
‘main d@rﬁant for several years. This'was observed by

Randolph (1945) who utilized embryo culture to obtain



seedlings of iris ﬁhose seeds otherwise remain dormant for 
several years. Another significant contribution Was-made

by Graifenberg (1973) who cultured excised embryos of Rosa
canina on modlfled Knudson s medium to overcome its long dor-
mancy and its hard seed coat. Embryo culture also offered
opportunities for'some workers to_shorteh the bréeding cycie
of some deciduous tfeés.(Lémmarts,'1942), studying after
ripening period of peachAéeeds (Kester,’1953),'and verﬁali»
zation in .rye seeds (Gregory and-DeRopp, 1935) Phadnis,
Budrukkar, and Kaulgud (1970) successfully culLured mature
,papaya embryos in White's medlum containing 0.05 ppm Kinetin
with or w1thout 0.1 ppm each of geberellln (GAB) and indole-3-

acetic acid (IAA)

Execised Root Culture

Excised root culture has been mainly used to study
the physiological processes in roots such as measuring their
growth réte, fespiration, protein synthesis and sclute uptske.

‘Street (1957)_an§ Mitra (1968), however, were successful in

propagating tomatoes and Rauvolfia serpenting by using this
technique. In culturing roots of different species, the
most commonly used nutrient media are modifications of

White (1943).
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Culture of Flowers and Flower Parts

Ovules and ovaries of some species hévevbeen cultured
on different synthetic medium to pfoduce either viable seeds
or plantlets. Johri (1961) cultured ovaries, ovules, and

- embryos of several angiosperms including onion, éandytuft,

hollyhock, zephyranthes, opium POPPY s and Citrus'micrqéar§é° 
Small grape plants were produced by Radler (1964) from culo
turing ovary tissue on a basal medium. Button aﬁd Borman
(1971) induced Washington Navel orange péeudo bulbiis and
SUbseQuent differentiation of embryoids by cutting unpolli-
nated and unferulllzed ovules on a basal medium supplemented
Wlth adenlne and malt extract to produée plantlets after
transferring these embryoids to another basal medium contain-
iﬁg gibberellic acid. Niimi (1973) produced five to six

viable seeds from each cultured ovule of Petunia hybrida on

a(modified Nitsch basal medium.

vCulturing flowers and flower buds has contributed to
the advancement of plant physiology énd genetiéso ‘Conversion
of cucumﬁer male fioWers into female ones has been achieved
1 by Galun, Jung, and Lang (1962) by culturxng excised
potentially male floral buds on modlfled White's medium

with various levels of IAA and GA3. Viable onion seeds
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were succeésfully developedvbyrculturing excised flowers
two days after pollination (Guha, 1962)

Ram and Wadhl (1966) accompllshed the reverSLQn of

‘exciéed Kalanchoe plnnata perse floral buds into vegetatlveii
state by culturlnOr on modified White's medium supplemented
w1th 2,4-D and coconut milk; roots and shoots were lnltlated
on the resultlng_vegetatlve buds° Pow. (1969) devised an
excellent method for making sterile tiséue cultures fﬁmm j
sﬁall portions of cauliflower curd; hardening and;potting
the resulting plantlets which attained matdrity and formed

- curds. This process el iminated the risk of losing valuable
plants which will not survive in the fleld or under glass
for breéding at the cutding stage. .Producing.compléte
floweré besides the reétdration of pollen viability from
-completely. male»sterlle species was done by Majumdar (1970)
from culturing young Haworth1a and Astroloba floral buds

on White's basal medlum supplwmented with IAA klnetlngand
coconut milk, _ProduCLng completely developed fruits from
culturing pollinated flowers was achieved by using sterile.
culture technique on media combined %ith'growth regulators

(Bajaj and Collins, 1967).
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Mﬁtations ?erpetuated,QXQTissue:Gulture-
Tiésue cu1tures:as a.ﬁotential vegetative method'df»
propagation; may provide mutants. Mutations s0 produced
mlght be preferable in produ01ng new clones with’ good merl.ts°
Shigmatsu and Matsubara (1972) induced chlmerlc mutants by
subgectlng to gamma rays small plieces of mature leaves of

_:Begonia rex cultured on White's medlum° Two of the 30 plants

. so produced showed chlmerlc mutatlon leaves which in turn pro-
duced intact plants of green leaves with silver spots as com-

pared with the silver-white leaves of the original ones.

Meristem Culture

Meriétem culture‘has_beén used since 1922 when
vR@bbins cultured stem tips of»peas,lcorn; and cotton in -
?feffer solution. One advantage of this method is that
meristem tips may be free of diseases (Hartman and Kester,
11968) which may prov1de the opportunlty to produce pathogen-
free plantse The oldest successful meristem culture experlm
ment was conducted on orchid plan?sA(Mbrel, 19605e

Many other ornamental plantsﬁhave'been*?foduced_
. since theh such as carnation, chrysanthemum, buddleia, |
dahlia, hydrangea, pelargonlum, phlox, saintpaulia, freeSLa,

gladiolus, lily, 1rls, narm.ssus9 tullp (Paludan, 1971)s
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dlffenbachla (Zlmmer, Koch and Phalow, 1973)9 geranlum:. |
Boettcher and Hlldebrandt 1964)9 caladium (Hartmans 1974)9
and glazlnla (Haramakl, 1971). Hyac1nth on the other hand
‘was propagated by culturing small pieces of 1eaf, or small
'stém, taken’from'spréuted bulbs which in turn yielded buibuls
with roots (Hussey; 1974). .Husséygs method of propagating
vhyacinth coﬁid be adapteé fof other kinds of bulbous plantéoj

Meristem culture has beénlused for’prcpagatingscme
of the vegetable plants such as pea (Karthé9 Gamborg; and ,
Constabel 1974), tomato (Hussey9 1971), chlnese cabbage
-(Lee Chung, and Hans 1973)g rhubarb and horse radish
(Paludan, 1971).

Merlstem culture has also been applled successfully
to some trees, vines, and grasses such as apple (Walkey, 1972);
some prunus spec1es,(Qu0lr1n, Boxus, and Gaspar, 1974), A
strawberry (Papov, 1§74% hop (Vine and Jones, 1969), fa3pw
berry (Putz, 1971)s and sugar cane (Roth 1969) Attemptsvto
culture apical merlstems of date. palm have not been success~
fu1° Shoots were initiated for this specles'but w1thout;
robtsp(Réﬁveni; Adato; aﬁd LinieﬁwKipnis, 1972)°

hProducing'newistrains of plénts by fhe &se of meri»
stem culture techni@ﬁe is one of the valuable sideiightsf

‘which has been seized upon by some investigators. An
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éxcellent example»of that is the work of Maia and his .

colleagues (1973) who succeeded in producing two strains of

Abrial lavandin resistant to dieback disease. ‘McCowns‘Beck‘
and Struckmeyer (1967)9 using sterile culture, mlcrografted

vegetative stem tlps of Chrysanthemum morifolium into the

placental tlssue of pepper fruits. A non«vascular union
between the tissues was produced within 20 days and subse-~
quent growth of the stem tip was observed as cellular ex=
pansxon,d1v1510n, ‘and primordia formation. Their technléue'
may prove applicable for ig;zizg studies of the mechanism of
~ gfaft acceptance'in plantS‘aslwell as for bibéhemical'stu«

~dies of the interaction between adjacent tissues.

Callus Culture

It has recently been possible to produce induced dif-
'ferentiaﬁion of callus; derived from different plant explaﬁts,
into robts, shoots, and finally into plants. Differentiation
has been deﬁonstrated‘in-callus of-aspa;agus (Wilmar and
Hellendoorn, 1968),'geraniumu(Einill<and.Hiléebrandt 1971),
coffee (Starltsky, 1970), CLtrus (Chaturvedi and Mitra, 1974);

MEsembryanthemum florlbundum (Mehra and Mehra, 1972), endlve

'and parsley (Va311 Hildebrandt, and Riker, 1964), 1111um

(Sharp and Raskln, 1971), Pelargonlum (Chen and Glaston,

1967)3 Rauvqlfla‘serpentlna (Mlgra:and Chaﬁurvedl, 1970),
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tbbacco (Skoog and Tsui, 1948), Cheiranthushcheiri {Khanna

and Stab39 1970)9 pumpkin (Jelaskas 1974), carrot (Steward
Mapes,; - and Mears, 1958)3 gladlolus (Ziv, Halevy, and ShllO,
:1970), freesia (BaJaJ and Pierik, 1974), eggplant . (Ralna and

Iyer, 1973), potato (Svobodova, 1966), Solanum dulcamara

(Zenkteler, 1973), chrysanthemum (Hlll 1968)3 convulvulus

: (Earle and Torrey, 1965), Anthurlum andraeanum (Plerlk

'Steegmanss and Van Dex Meys, 1974), ‘and almond (Mehra and ‘
Mehra, 1974).

Callus cultu£é>has also made it possible to conduct
experiments in vitro which are difficult to achieve in vivo.
For example; excellent resuits were obtained by Scaramuzzi
(1969) who grafted strips conéisting of phloem plﬁs'cambium
éf peéern quince. Callus was formed at the grafting union
which, unlike those achieved ig:x;ggﬁiwere good to perfect
and consist of equal contributions from the two spéciesu. Simi~ 
lar work was also done on grapevine?.peach, persimmon, pear;
and apple (Fujii and Nlto, 1972) The callus fusion. of those
plants (nll to complete) depended on the taxonomic closeness

of the two partmners Wlth one exception whlch was the close

union between chestnut and persimmon. Fu311 and Nito (1972)

. agree, however, on the point that callus fusion, although

important,.is not the only factor in graft fdrmationo
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Research has been done iﬁ p:éducing;edible:plénﬁ
- tissues (callus) by culturing'différent explants oﬁAa'synthe=
- tic medlum (Hlldebrandt et alos 1963) Although'it'is not
feaSLble at this time, lt prov1des a potential for producing
. food stuffs on a massive scale should it be required by
future need. Other exﬁeriments‘reveaied the'producﬁion or
. biosynthesis of beneficial plant'constituents by means of
tissue culture°- Among those compounds'aré-alkaioids (Babcock
nd Carew, L962), amino ac1ds (Seltz and Hochster, 1964),
antlblotlcs (Mathes, 1963), carbohydrates and organic acxd
(Mohran Ram and Steward, 1964), enaymes (Straus and Campbell
1963), flavon01ds (Kordan and Morganstern, 1962), gly0051des
.(Sargent and Skoogs 1961), growth regulators (Nlckell 1958),
terpen01ds (Arreguin and Bonner, 1950), tannins (Ball, 1950),~
lignins (Dougall 1962), and pigments . (Hlldebrandt et al.,
1963).

The Importance of nutrieﬁt_laden media is that the
-excised plant/pérts soon depletg the néurishmeﬁt in their"
qun tissues unless supplied with a new sourgee' A wide |
variety of media have been used for the ?urposé of culturiﬁg'

different types of tissues and organs. The types of media

differ according to procedure being used, plant species,
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plaﬁt»pant;'aﬁd‘the deﬁelopmental stage of ﬁﬁe éxgised planti
part. Hb&ever,,componénts of most nutrient media Being usé&
so far can be classified into: organic(amino-acids,‘sugérsy-
vitamins, growth regulators), inorganic ﬁacrq=e1ements (Ps:

Ca;:K, Mg, S, ﬁ), inorganic micro-elements (Bg Cﬁs Mn, i, Fe,
Zn); unidentifiéd mixtures of substanées sﬁéh as-coconut milk'
éné yeaét and plantAethacts,’and'sometimes éoagulating
agents (mostly agar). | |

4Among the mést widely used basal media are White's,
Mnrashigéand‘Skoog”is9 Knudson's, Wolter and Skoog'ss Morel's,
and'Befthélof and Knop”é soluti_'dnso Others which are not so
widely used include Morel and Martin‘s, Miller's, Nitch's,
Novel's, Vacin and Went's, Smirnov's, Linsmaier gnd Skbog?ss‘
Quak'sg Baker's, Pfeffer's, Cartheret's, and Béll“so

Many modificatiéns of the basal media have been made
by either changing the concentration of,a-specific compound
_or by adding new ones in order to supply the excised parts of
a"specificlsﬁecies with required nutrients.  ?31udan.(1971}s
however, tried to classify certain media for specificN :
. purposes. He7foun& tﬁat'nutrient media based on Befthelotss
-andfknopﬁs solutions Wefe satiéfaétory'for growiné hefbaw
ceous ornamentals; callﬁs aﬁd tissue culture of herbaceous .

‘ and.woody ornamentals, bulbs, cérms, and vegetables, on the
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irother hand, are bestrgrown‘on Mnréshige and Skoog's nutrient
-ﬁediﬁms ‘Modified Gartheret”é'soluﬁion has»long-béen_ﬁséd for
‘the production of,carnations f:am excised shoot tips.

As fér as the physical'ﬁrdpéfties are com::'erneds
there éfe three kinds of media: 1liquid, semimsolidg and
solid. 'Using liéuid media uéually fequires a shaking mecha;'
niSm in order to supély adquate-aeration,fof the.cultured
tiSsueso Another technique aéSociated with the‘usé of~1iquid
media consists of culturing the tissue on an ashless filter
paper wiék which serves as a passi&é support and is usually -
- used with carnations’ shoot tips for better root formation
(Paludéh, 1971). A good example showing the'éffect of the
éhyéical propeéties of the media on the course»of‘différenw
tiation of the excised parts was. shown by éxpefiments con-
| ducted by Vasil and Riker (1964) and'Vaéil aﬁd Hildebrandt
(1966) on endive: (a)'in 1iquia media, small massés of
tissue or embryoids formed from single cells which then dif-
 ferentiate roots and shoots; (b) in semi-solid media,ﬁrbots
~and shoots formed from 1oca1iéed meristematic area. The
course of development of embryoids or buds obtained in
‘tissue grown on agar medié, howevef,.was’ndtuwell understood

by those investigators.
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Groﬁth'Regulators.

Vo .
In the past tlssue culture relatlng to -the culture

of hnman and anxmal tlssue was more advanced than that of
plants, At the presents however, due to the discovery of a
'numﬁet'of plant growth regulators the plant tissue culture
specialists are rapidly catéhing up. There are three major
classes of'plant'gréwth‘regulatarsfwhiéh have been widely
investigated: auxins, cytokinins, and gibberellins., Many
physiologisté haVé preferred the procedure éf isolating
'tissue';g;giggg for such investigations., This rare techni-
que permits the separation of celis_from'tﬁe complex inter='
reaction to which they are subjected in the intact plants;

Auxins, as any plant growth regulator, are norma11y7 
added at low concentration to plant culture ﬁedia in oxrder
.tolobtain their appropriate effects. -Mbst commonly uséd forrl
 this purpose are the natural auxin indoieaBQagétic acid.
(IAA).and'ﬁhe synthetic dnes-naphthalenémlcacetic acid
(NAA)9 1nd01e»3wbutyr1c acid (IEA,)5 and 2 sb= dlchlorophenoxym.
acetic acmd (2,4-D),

Auxins have been associated with plant cell wall

expansion and cell eldngation (Tanimoto and Masuda, 1971),



19

cell lelSlon (Clutters 1960), incréased RﬁA s&ntheéis and -
decreased RNase activity (Gwazdz, 1973) and increased m1to~A 
chondrial act1v1ty (SarklsSLan and'McDanlel 1966).
Cytoklnlns are deflned as compounds that lnduce cell”

lelSlon in plant cells: (Wllklns, 1969) ‘There are either
naturally occurring cytoklnlns zeatin and 6—methylam1no=
purine (MAP) of syhthetiC° 6-benzyladenine (BA), 6-benzyl-
aminopurine (BAP), and 6-(3-methyl-2- butenylamlno) purlne
'(21p), and 6~furfurylam;nopur1ne (kinetin) which was obtained
from DNA as a starting material. | |

| Skoég and Tsui (1948) showed that auxins IAA or NAA |
induce calius growth ‘and root initiation butAinhibit~bud
fofmatioﬁ° They also showed that adenine does the OPPOSlte
'1 eo,lnduces bud formation and inhibits root 1n1t1at10n°
ihelr'conclu51on was that nearly complete control on the
formation of roots, buds of.uﬁdiffeientiated'growth~of
tissués can be obtained by the application of different pro-
portions of auxin and adenine to their wedium. .The-same |
conclusion was reached by Bajaj and Pierik.(1974) and
Fridbefg (1971). Pillai and Hildebrandt ga&e a éobd descrip;
tidn-of the anétomical changes accompanying the differen«
tiation of geranlum callus on a medium supplemented Wlth

klnetln and NAA in their paper whlch appeared in 1969a.
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Zwar and Brown (1968) dld an elaborate experrment on locatlng
where a partlcuiar cytoklnln or auxin was being lncorporated
They found that artichoke tuber tlssue grown w1th labelled
kinetin showed pronounced 1abe111ng of both nuclei and cyto«
- plasm, whereas those grown with 1ébe11ed 2,4-D showed dense
labelling of nucleoli aﬁd compafatively 1ittlé iabelling
elséWhereo Zwar and Brown's experiment may_shedfngw-light in
.explaining precisely ﬁow plant growth regulators show their
phy31olog1ca1 mode of actiom.

Selectlng a particular type of ;ﬁx1n or cytokinin
depénds on the result of its phySLOIlecal action, stabllxty,»
persistancg'and mobility. Some researchers have preferred
the use of synthetic auxin, IBA; or NAA over the natural .
»oécurring Qnég IAA; due to tﬁéir greatér chemical stability
and low m.obilit§a On the subject'of.auxin'moﬁiiiﬁy Kulescha
"(1972) working with Jerusalem artichoke showed that IAA NAA,
and 2= 4 D-were anorporated in the cultured tissue after |
1, 2=3,'and'48 hours respectively. Greater chemical sta-
bility of any grewﬁh regulatOf provi&es improved‘persistance
- and extended action. However, the type 6f’tissues the endo-
genoﬁs level of naturai oceurring hofmones,"and the complex
interaction of those hormones define the particular type and

concentration of growth regulator to be used. Papov and
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Butenkor(l970)fcoﬁc1udéd that the use of kinetin plus NAA
éupporteé calius»of apple and sour:chérfy better than ade-
nine plus 2,4-D. Winton (1970) préferréd tO‘uée 6-benzyl-

aminopurine (BAP) plus 2 4 D to produce Populul termuloldes

trees from callus tissue. Pennazlo (1973) confirmed the
conclusion that explants of some spec;es-contaln suff1c1ent
endogenous 1evelsv0f*growth'substaﬁces_tb support their growth
'intq complete planﬁsuby suécessfully producing carnatiéns by
means’ofvéhcot tip culture without the.addition'of any of
the growth regulators to his media.

| Soﬁé»workers'(Boettcher.and Hildebrandt9 1964, for
example) found that tﬁé addition of éome”plant extracts and
natural substances to synthetlc media would glve better
growth and dlfferentlatlon of explants cultured in Eiggge
Coconu; milk (llquld endosperm) is the most widespread
natural subSténce used in tissée-culture@ Salisbury and
" Ross (1969) mentioned that the natgrél-fraction of coconut
- wilk ﬁas'né activity but it is essential for cell divisibﬁs'
Salisbury and Roés“ observation support the con@iuSion
that coconut milk, and some other plant.eXtracts,fconﬁain._.
some suﬁstances having a regu1atory effect on the cultured.

tissue besides the familiar nutritional materials. A good
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report on the composition of the coconut milk can be found -

in the paper of Tulecke and his co&yorkers'(IQGI)o



MATERIALS AND METHODS

Seed Cermination

Papaya seeds (Caricé panava var. Solo No. 8§, supplled

through the courtesy of Dre Hamilton of the Unlver51ty of
Hawaii) were germinated in flats in a greenhouse° The flats
@ere'képt in shade and ﬁﬁder misting. Temperature fanged-
Afrom.approximately 79°F during the day ﬁo 70°F during the
night. The resulting*éeedlings @ere moved to-an'area where
théy would-feCeive sunlight and were permitted to reméih in
the greenhouse until they reached 6 cm in height. Fish |
eﬁulsion;fertilizar (5=2=2) was applied on two.occééioné in

an amount of % teaspoonful per quart of water.:

Tissue Excision and Sterilization .

Shoot.tips 5 mm long weighing 3 + 0.5 mg and stem
segments Qw1th their axillary buds) 3 mm 1ong weighing 6 +
0.5 mg were exc1sed by using a sLerlllzed razor blade, Exci=
sion was accomplished under a surface-sterilized low power
binoculéf diséecting miaroécope after}the iéaves were stﬁipn
ped off the plantso

| The ex01sed tlssﬁes wefe surface sterlllzed by soak-
ing them in household bleach, diluted with distilled watgr_ 3

23
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in a ratio of 1:9, for 15 minutes then rinsed in'sterile .

Vdistilled wéteré

Media Selection
The first medium tested was theléne uséd by Ball

(1946)o .The ﬁse of this medium.ceased When it was discoﬁeted'
éhat it did ﬁot promote growth of the papaya tissue.

| Other media were considered; ananﬂrashige'and'
Skoog's (1962) was selected. Modifications of this medium
included“the_ﬁse of casein acid‘hydrolysate, kinétin9 and
the auxins iAA9 IBA, and N&A with the latter four in differ-
ent éoncenf?atioﬁéo The addition of the chemical polyvinyl-
pyfrolidone to this medium was attempted but was abandoned
rdue to its iack of re3ponéeo' Difco agar.in a concentration.
of 9.2 g/1 was added to the cuitufeVVessels before;dispensing'
the mediﬁtho them. Demineralized wafer_ﬁas used throughout
the éxperimént,fo: média preparation., Media were eitﬁer
use& 6n the same day or kep# refrigerated at circa 40°F for
later use. o | m

- Media Sterilization
and pH Adjustment

Media sterilization was accomplished by autoclaving'

15 minutes under 17 pound pressure at 255°F., The pH of
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nutrient media was adjusted to 5.5 + 0.2 with NaOH or HCL .
prior to autoclaving. Occasional check tests revealed that

autoclaving had no significant effect on pH of the medium.

Tissue Transfer to Culture Vessels

Pyrex.culture tubes (2.5 x 15 cm) were used as
culture vesseis9 and each tuée containediZS ml of the ﬁnediumo
Oﬁly tissues which achieved goqd growth were transfarred to
iZS_Erlenmyer flasks containing 75 ml of medium. Stoppers of
plastic foam were used rather than conventional cotton plugs.

One shdot tip or stem segment was used per culture
and 10 repligants (5 tips and 5 stem segments) comprised
each treétment° Tﬁe tissues. were tranSferred‘to the culture
tubeégAwith the nutrient medium, in.aﬁ inoculation ¢hamber_
..sterilized by washing with Septicol and alCohol;l Positioh |
| _of the tissues was checked by head gear opﬁical glass
: binbcuiar magnifierlandanynecessary,reorientations were

made with a sterilized round tipped needle.

"Tissue Incubation

The cultures were kept'in'a‘growthgchamber at 85 +
2°F under cool white fluorescenﬁ tubes-giving 460 foot- .
~ candles at the level of the tissues in the tubes. The lights

: were turned on at 8:00 a.m. and off at 4:00 p.m. i.e.,0on a
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basis of 8/16 lightaaark cyCléo Né-study ﬁés ﬁade;on.thé,"
importance of light or températﬁréa»rlt,is apparent,ihoﬁever,
from occasional variation in the abové conditions that
considgrable latitude was possible inilight and temperature
- wi.thout éeriousiy éltering éither-growthaor differentiation ,
of the éulture° Neverthele§59 the culture tubes were occa-
sionally rotated to eliminate any'biaé due to temperaturer'

and light differences in the growth chamber.

-Growth Regulator.Studies
Kinetin,’6=furfury1aminopurinei,'was added to the
'basal.medium in a range of 1 mg/l to 10 mg/l ¢ombined with
- each of the following auxiné: indole-3-acetic acidzs (used
in a rahge of 10 mg/1 to 20 mg/l), 3-indolebutyric acid39
(used in a range of 5 mg/l to 30Amg/1)5 and naphthalene écge'
tic acid%, (used in a range of 1 mg/l to 5 mg/l).
| | Groﬁth measurements fof each cultured tissue cpnéis=
- ted of the number of leaves énd:the,ratios of the final to |

initial weights; and these ratiocs were given the notatioms,

i; Obtained from Calbiochem
2°f Obtained from Sigma Chémical'Company
- 3., Obtained from Matheson Coleman & Bell

4. Obtained from Nutritional Biochemicals Corp. .
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 growth values. All measurements were made after -the tissues
remained 4 weeks on the same culture media.

4



RESULTS

‘Effect of Amount of Agar Added

Because of the teﬁdency.of,agar to partiallf preci-
pitéte iﬁ the bottom of the tubes after autoclévingS the
amount added to,them was 9.2 g/l as opposed to 6.4 g/l wheﬁ'v
125 ml Erlenmeyer flasks were usedo_ Sma;ler amounts of
added agar produced a slurry’ahd larger amounts caused a
hard gelol Comparisons between cultures plaéed oﬁ agar,and

those floated on unaerated liquid media indicated the growth

was better on the solid ones.

Effect of Tissue Size ard Sterilization

Shoot tips used in the experiment varied in size‘from
0.5 mm to 5 mm. ‘Those smaller than S.mm proved unsatisfac- -
tory_because9 during transfer, they were difficult to See‘
and_subject»to injury. Also, the sterile distiiled water
which\was usgd to keep :them moist during transfer’caused
‘some of them to burst. _The'S mm shoot tips pfoved“to be
exempt fromkthe abo#e diéadvantages; énd therefore found to
be the ideal size. -Approximately 47 contamination occurred

throughout the experiment.

28
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Kinétiﬁ and IndolemBéAcetic Asid Experiment -

Growth Value

The nature of the interacﬁidn'between'kinetin‘and'
IAA and their»effects on the growth values of‘cultured shoot
tips and stem segments was studied with the two substances
supplie&'in different combinations and proqutionsu AResﬁlts,g
of the experiments are presented in Figures 1 aﬁd 2° Figure
1 shows that kinetin increased the gi§wth values of thé cul-
tured shoot tips in the ﬁresence and absence of IAA and that
optimum yields were obtained’with 1 ppm concentrations regard-
less of IAA conceﬁtrationa Hovfrever9 IAA increased the yields
'ih combined treatments with high kinetin levels. The effect
- of Rinétin was to indgce the development df shoots without
any callus formation. IAA, o§>the other hand; mainly induced
callus produétion-both in thelpresenée and4absen¢e of kinetin.
Iﬁ general, tﬁe cailus was watery, soft and friable. It can
be seén from Figuré 1 that maximum yieid bf callus iﬁAihe
case of IAA alone was at lS‘ppmeA Interaction between 1 p?m
kinetin and 10 ppm IAA gave thé_highest.grbwth value@ It
also can be seen thét aé the level of 1 ppm kinetin, inéreaSm_
ing the concentration of IAA*from.lO-tﬁ 20 ppm decreased the-

--growth value by almost four-fifths.
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Figure 1. Growth of Culture Shoot Tips as Affected by Add-
ing to the Medium 1-4 ppm Kinetin and 10-20 ppm
TAA Alone and in Combination.
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Figure 2. Growth of Cultured Stem Segments as Affected by
Adding to the Medium 1-4 ppm Kinetin and 10-20
ppm IAA Alone and in Combination.
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In experiment with stem segments,(Fig° 2) the overaea'
all gfowﬁh,value of all treatments'ueed'wee muchﬁless than
that of shoot tips (Fig. 1). It should be noted, however,
 that in contrest'te the grewthAof shoot'tipesrwhich was
optlmal at the combination of 1 ppm klnetln and 10 ppm IAA
the maximum yield im case of stem segments was at the p01nt
where 1 ppm kinetin interacted with 20 ppm IAA, It is worthy
of being mentioned that,no callus was obtaieed from cultured
stem segments eXcept the treatment which gave the highest

growth value.

Development of Leaves

Results.based on the number of leaves deﬁelopedfper
cultured shoot tip or stem segment are summarlzed in
Flgures 3 and 4, respectively. Flgure 3 shows that the
hlohest number of leaves per tlp produced by kinetin alome
was at 1 ppm and had a retardlng effect 1f'used at higher
conceﬁtrations° - It is epparentfthat in the absence of exo-
genous klnetln, the number of leaves 1ncreased with the |
level of IAA to a maximum at 15 ppm and then fell at 20 ppm.
By interacting both substances, at the level of 1 ppm kinetin
.énd~1@ ppm.IAAs_it was p0ssib1e to obtain eﬁe ﬁighest‘number |
‘of leaves. ‘In comparison to Figure 3, increasing the conceee-;'

tration of kinetin in the absence of exogenous IAA had the.
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Figure 3. Number of Leaves Developed from Shoot Tips as
Influenced by 1-4 ppm Kinetin and 10-20 ppm
IAA Added to the Medium Alone and in Combination.
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Figure 4. Number of Leaves Developed from Stem Segments
as Influenced by 1-4 ppm Kinetin and 10-20 ppm
TAA Added to the Medium Alone and in Combination
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same effect on the stem segments (Flg; 4) excépt that at the
1evel of 4 ppm klnetln where it coﬁpletely retarded any de-
velopment of leaves. In general IAA, whether used alone or

Witheé ppm kinetin, inhibited leafvéevelopment on the stem

segments.

- Kinetin and 3n1ndolebutyric Acid Experiment :

Growth Value

Effects of kinetin (from 1 to 4 ppm) in combination
lWith 5 to 30 iBA on the gro%th of the cultﬁ;ed tissues are
illustrated by Flgures 5 and 6. It is clear from Figure
5 that increasing the concentration of IBA above 5 ppm
brought about growth retardationwin the absence of kinetinqr
In fact, the growth value of tissues cultured on the medium
éupplied with 6n1y 5 ppm of this auxin is 3.7 times more thani
'that.at 30 p};ﬁtn.o It also appears that kinetinresuited in
higher yields and.healthief tissue when added in combination
with iBA than if added alome éxcept iﬁ cases Where kinetin is
used iﬁ levels above 2 ppm. Gne main feature of this graph
is to show that both 1 ppm klnetln and 5 ppm IBA,were inter-
.acted to give the hlghest yield. Callus produced by using =
this auxin alone or in.combinatxon w1th kinetin was watery

‘and friable with a few white glistening globes.
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Figure 5. Growth of Cultured Shoot Tips as Affected by
Adding to the Medium 1-4 ppm Kinetin and
5-30 ppm ISA Alone and in Combination.
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Figure 6. Growth of Cultured Stem Segments as Affected by
Adding to the Medium 1-4 ppm Kinetin and 5-30
ppm IBA Alone and in Combination.
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As with IAA, the overall growth value of treatments .
studied in their-effect on stem segménts (Fig. 6) was much
less than that of cﬁltured shoot tips (Figa 5). Figure 6
shows that Both kinetin and IBA did not incfeéée ﬁield of the
tissue-substantially if used.iaioneo In faét' even the-combi=
nation of both 1 to & ppm kinetin and 20 to 30 ppm IBA gave
growth values not too different from that of the control with-
out growth regulators added. Nevertheless, Figure 6 shows
that with 1 ppm kinetin interaction wiﬁh 15 épmllBA géve the

highest yield,

Development of Leaves

| Flgures 7 and 8, respectively, illustrate the effect
of both klnetln and IBA;, used alone and in comblnatlon; on'_
the number of leaves developed per cultured shoot or stem
segment@ Figure 7 shows that kinetin gave,the maximum
number of ieave§ per cultured shéot tip when added albne;‘
espec1ally at 1 ppm, than in comblnatlon w1th IBA. Higher

. levels than 1 ppm kinetin were without benefit and were in-
hlblthQo Figure 7 clearly shows that the-controlltreatment
resulted in4higher numbers of leaves than ﬁést of'those cul-

tured on media where both kinetin and IBA were added together.
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dEAVES FR TISS

7. Number of Leaves Developed from Shoot Tips as
Influenced by 1-4 ppm Kinetin and 5-30 ppm
IBA Added to the Medium Alone and in Combination

LEAVES HR TISSUE

Figure 8. Number of Leaves Developed from Stem Segments as
Influenced by 1-4 ppm Kinetin and 5-30 ppm IBA
Added to the Medium Alone and in Combination.
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In contrast to Figure 7, Figure 8 reveals that the:-
number of leaves developing per cultured steﬁ segment was

much smaller than most of the treatments which were used in

the case of the shoot tips.

Development of Plantlets

| | Shoots, devoid of callus, formed on both the control
and the medium containing 1‘ppm kinetin and were,transferred
after four weeks to a medium suppiemented'with 1 ppm-kinetinv
pius 5 ppm 1IBA. -Ninty per cent of those transferred shoots
developed aé#entitious roots deep within the callus after72~
3 weeks from the date of.the-secondftransfer préducing normal
plantlets (Figso 9 and 10)o In most caseé_one plantlet W&S
produced from each cultured sﬁoot‘tip@

"~ Some of the rodts showed negative geotropism”(Figoﬁg),
‘aéhers grew down into the medium (Fig. lﬁ)ol_From Figufe 9 it
- .can be seen that rootsfgrowing dboée'the mediém‘were thiﬁ and
produced secondary roots piué some root hairso_ Others‘which
grey into~tﬁe.medium were thick with secondarflrooté but were
devoid oannj root hairs (Fig. 10). It is not known about
the axéct O:igin of thosé'i';ootse fAll.that cén béfsaid isf
thét'they formed from regions deep within the callus‘near

thé’base of the developing shoot.



Figure 9. Two Week 0ld Plantlet Developed'After Transferring
Shoot Which Had Formed on the Control to a Medium
Supplemented with 1 ppm Kinetin Plus 5 ppm IBA.

Figure 10. Two Week 0ld Plantlet Developed After Transferring
Shoot Which Had Formed on the Medium Supplemented
with 1 ppm Kinetin to a Medium Contalnlng 1 ppm
Kinetin Plus 5 ppm 1BA.,



Figure 10.

Plantlet from Control

Plantlet from Medium with Kinetin
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It'is.of-interest_to ﬁention~that no callus’ﬁas
formed féom those rbotS‘whicﬁ grew abo%é or into the mediuﬁq
Callﬁs was former, however, onéome<ofthe leaves of the
growing shooté (Fig; 10). -

Kinetin and Naphathalene
.- Acetic Acid Experiment

Growth Vélue

Typical effects.of seiial combinations of kinetin
- and NAA bn growth values of culturéd tissues ére summariéed -
in Figures 11 and 120 1 to 10 péﬁ kiﬁetin was allowed to
interact with 1 to 5 ppm NAA, TFigure 11 showé that the peak
yield obtained from treatment,witﬁ kinetin alone was at 1.
ﬁpmo Adding kinetin to the medium at 1eve1s beyond 1 ppm
has a repressing effect on the_shdot’tipés‘grcwtho All
tested concentrations of NAA had a definite growth-retafda«
,tion.which‘tendeds however, to be counteracted by kinetin9
Treatment with 1 ppm kinetin with 5‘ppm of this auxinigave
ﬁhe higﬁeét yield among<other-kiﬁetianAA combined treatments.
Small amounts of wffn.:i:i::e'3,'f:e::i.‘a'ble_s andlsometimes fi:@ callus

was produced by interacting the two substances. -
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Figure 12.
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Growth of Cultured Shoot Tips as Affected by
Adding to the Medium 1-10 ppm Kinetin and 1-5
ppm NAA Alone and in Combination.

Growth of Cultured Stem Segments as Affected by
Adding to the Medium 1-10 ppm Kinetin and 1-5
pem NAA Alone and in Combination.
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In contrast to Flgure 11 Flgure 12 shows that all
tested treatments ‘had no 51gn1flcant effect on lncrea31ng

growth of cultured stem segmentso

Development of Leaves

Kinetin added at a concentration of 1 ppm caused a
significant increase in number of leaves developed from eu1=
tured shoot tips (Fig. 13). Yield of leaves fell to‘zero;_
however9 when'levels of kinetin wae raised to 5 ppm or higher.
All examined levels of NAA hadla repressing effect which |
'eomehow was slightly counteracted:by kinetin,

Except in the case of_l ppm kinetin, kinetin and
NAA whether used alone or in combination did not improve the

'1eaf yield of the cultured stem segments (Fig. 14).

Development of Plantlets

Trials were made to transfer tlssues treated Wlth
kinetin end'NAA to both the control and the mediﬁm supple-
- mented with 1 ppm kinetin'plus 5 ppm IBA. 'TwentY‘per cent
of the tissues treated preyiously.withll pﬁm kinetin_plus,l
p@mpNAA and which transferred to the control were‘rootec_i°
Figure 15 shows a sample of such tiseues where both primary
and pienty of secondary roots were formed but with very poor

shoot prodﬁctiono



42

LEAVES HR TISSUE

O 13. Number of Leaves Developed from Shoot Tips as
Influenced by 1-10 ppm Kinetin and 1-5 ppm
NAA Added to the Medium Alone and in Combination.

LEAVES PR TISSUE

Figure 14. Number of Leaves Developed from Stem Segments
as Influenced by 1-10 ppm Kinetin and 1-5 ppm
NAA Added to the Medium Alone and in Combination.



 Figure 15. Three Week 0ld Plantlet with Well DéveIOped Root
C- System and Poor Shoot Which Formed After Trans-
ferring Callus Initiated on a Medium Containing

1 ppm Kinetin plus 1 ppm NAA to the Control.

 Figure 16. Two Week 0ld Plantlet Developed After Transferring
- Callus, with Shoot, Initiated on a Medium Contain-
ing 1 ppm Kinetin Plus 5 ppm NAA to a Medium

Supplemented with 1 ppm Kinetin Plus 5 ppm IBA.
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Figure 15. Plantlet with Well Developed Root and Poor Shoot

Figure 16.. Plantlet from Medium with Kinetin plus NAA
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"The‘only éther treatmeﬁtrwhich ?r&duced completef:
plantlets in a petcentile of 20 was‘the one which was

_ previously treated with l,ppm‘kinetin plus 5 ppm'NAA and :

transferred to a mediﬁm with 1 ppm kinetin plus 5 ppm IBA

(Fig. 16).



DISCUSSION AND CONCLUSIONS

The reéults of ﬁhié thesis demoﬁstrate.that’shoét and
root formation can be chemically indﬁqed on cultured papaya
- shoot tips. Both auxin and kinetin were tequired for growth
4aﬁd the partiéular type of;gfbwth depeﬁded on their_concenn-
trations, whéther used aione‘or in combin‘ation° Auxin ap-
peared to be essential fdf cailus and root formation. Kinetin,
on the otherrhand, had arspecific_effeét inducing shoot,fo;;
ﬁétion especially at a level of 1 ppm. In interaction with
- this concentration of kinetin;, both NAA and IBA gave maximum
callus prodﬁction at 5 ppm and IAA at 10 ppm;. Of the three
auxins examined, IBA was the moét effective in giving highest
growth values aﬁd.inducing~robt formation. From the results
it cannot be unequivocally judged, howéversrﬁhether this
auxin was supefior to the rest of the tested ones due to
stability, presistance, or just to its specific physiological
action on cultured bapaya shoot tips. .

In general, all thertreatments used on papaya stem
segments resulted in poor growth valués and leaf production
in contrast to_shéot tipscr It might be possible, however,

to obtain better results with excised stem segments by using
' ’ 45 '
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other kinds of growth regulators and utilizing a wider range
- of concentrations than those already tested.

The response of papaya cultured:shoot,tips‘to kine-
tins‘and‘auxins was in general agreement with results ob-
tained on plént tissue.cultureo ,A;relatively high_auxiniléw
'kiﬁetin balénce stimulated rootingo Shoots, on the other
hand, were produced by using low auxin/high kinetin balance,
except in cases where kinétiﬁ was use& ih levels above 1 ppm
vhere it showed some toxic effects on the tissues. Trans-
ferring shoots which had been induced to form on treatments
with the control and the medium containing 1 ppm kinetin to

a medlum with 1 ppm kinetin plus 5 ppm IBA induced callus

‘formatlon followed by rootlngg Thus, roots were 1nduced to

- form when prev10usly dlfferentlated shoots were transferred-

to a medium containing more auxin and less klnetln, i.e. when ..
proportions required for shoot formation were reversed. It
alsoAshould'be noted that tissue retained on the same media
did not root, indicating that traﬁsfer affected éapaya tissue
in a positive way. .Medium containing 1 ppm kinetin pius 5
ppm IBA was. selected as the be@t for the formatlon of plant-

: lets after transferrlng previously formed shoots to it.
Figures 9 and 10 show the difference be?ween the

plantlets so dévelopedo ~This deﬁonstrates that the addition
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ofll ppm-kinétin»to the medium which preceéded the transfer
of fheréﬁoots.had'a substantial effect on the plantlets’
vigor. |

| A.ﬁéjority of the induced roots were negativély
gedtropic’and grew away from the callus mass into the air
(F:Lgs° 9 and 16). ngh 11ght intensity used in the exper1=
ment may have been a factor in rever51ng the normal geotropic
response of those roots. The results of this experiment,
however, does not.permitlone to draw 3pecific conclusions on:'
 the effect of light since no study was made on the influence
of this factcro Other factors ﬁay include the unequal dis-
tribﬁtion-of growth regﬁlatofs in the plantletso Different .
levels of growth regulators tested, however, had né effect én
the geotropic response of the roots since plantlets formed
from the same treatments gave both negatively geotropic and
nérmal foots (Fig. 9). Further study is neededvto overcomne
this phenomeﬁono . |

Another factor which should be considered of signi-
ficant importanCe is that roots}growing intd»the medium were
like “water rootssw'devpid of root hairs (Fig; 10)b Some
inveséigatcrs repofted difficuity in establishing such plants
_when removed from the culture medium and planted in 5011'

(Plllal and Hlldebrandt 1969b). If further studies are
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conducted it is:suggested that eitherx fibgrmgiass or filter
paper wick technique could be wcrth'testing; | |

Some physiologicai studies indicate that transloca-
~tion of manufagturedAcytokinins from the roots to the shoot
is important for theriatter“s grdwtho The-results of this
study were in agreément with the aboveo. Shoots of rooted
‘plantlets were more vigorous in their growth th&ﬁ nonroéted'
ones. A possible explanation for this observation might Bef
attributed to the reason alréadyvmentionede  Other’possibi1im
ties include: (1) growth promoting substances which had been
concentrated for root differentiation and their subsaqueﬁt
growth are now being deflected to the shoot; (2) the more
efficient absorption of nutrients and growth #eéulators after
,the'root formation° 7The above possibilities might work sepa-
“rately -or in combinétiono This remaigs a problem of detail,
and further studies are needed to'determine the e#act causes,

An interesting phenomenon observed in this study Wasv
the differentiation and formation of flower-like strucﬁures
on the piece of callus shown ianigure 17. Tﬁey started'to
form after a piece of callﬁé iﬁiéiated on a medium suppieu
mented with 1 ppm kinetin plus 5 ppm IBA waé ﬁranéferred‘f§r :
the second time on the same media§ Diéappearance-Of the

chlorophyll pigment of the leaves accompanied the formation



Figure 17.

Development of Flower-like Structures from the
Callus.

49
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- of suéh structures. Such an,occurrence,miéht Ee attributed
'to.the complex interaction of exogenous and/or endogenous
‘growth regulating substances. 'Other factdrsvmight bé‘iﬁm
volved'which cénnotrbe'determined_on the basis of this Studyo
The principal objective of this study was to select
the propér-medium to be a key for'propagating ﬁapaya ?lanté
by means of tissue culture. Refiﬁement Qf‘nﬁﬁrient,media,
culture conditions, and transplanting stepé are still to be
achieved before large scale practical application of this
method can be realized. Another area to be éxplored is
- trying to cﬁltﬁre tissues taken frém.matufe'plants which
may open a new avenue to a betterﬂway of clonal propagaticﬁ

of this species.
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