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ABSTRACT
 

Most of the papaw (Carica papaya) fruits found all over the 

world show considerable variation in taste, flavour, texture, )Oeping 

quality and processing characteristics. Even when selected hybrid plants 

are cultivated, there is significant variability in characteristics. 

To overcome this problem, investigations were underta3n to dev.elop 

the technology for the in vitro propagation of selected papaw plants. 

Apical end and axillary bud explants were used to develop 

the protocol foi mass propagation of plants. Surface disinfested explants 

started growing in Miurashige & Skoog (MS) basal mdium containing 0.5g/L 

casein, hydroiyzate and 10% coconut water with the addition of 0.03 mg/L 

Indolo 3utyric acid (IBA) and 0.3 mg/L 6- Benzyl Aminopurine (BA). 

Shoot proliferation was most effective in this nediun. Depending on 

the plant material five to twelve fold shoot proliferation was observed. 

Root formation with apical dominance occurred in MS nedium supplemented 

with 5.0 - 6.0 mg/L IBA and 0.03 mg/L BA. Rooted plantlets were accli

matized to soil under controlled humidity, terrperature and water. Growth 

comwenced within a period of two to thre -eks. 

Young petiole explants produced errcyonic callus after repeated 

subculturing in MS nedium with 12.00 ng/L IBA and 0.03 mg/L BA. These 

enbryos produced plantlets in MS medium with 6.0 mg/L IBA arA 0.003 

mg/L BA. 

The technology developed would enable the laboratcry propagation 

of selected papaw plants which carry desired characteristics. 



1.0 INTROwrrON 

Herbaceous tropical fruit crop, Carica papaya belongs 

to the family Caricaceae and gives three types of plants when seed 

propagated. Sex determination of papaya is governed by three genetic 

factors, Ml, M2 and m. The three types of plants found in nature 

are: 

1) MIm - Staminate flower producer. (unproductive plants) 

2) M2m - Hermaphrodite flower producer giving elongata type 

fruits 

3) mn - Pistillate flower oroducer giving round fruits 

All the dominant comrbinations are lethal. Son-etimes 

in adverse weather conditions such as prolonging drought periods, 

even hermaphrodite plants also produce male flowers1 . 

Papayas have conventionally been propagated from seeds 

and considerable variation exists in comTLrcial plantings. Therefore. 

tissue culture propagation of papaya offers a valuable alternative 

to provide genetic carbon copies of superior varieties for conTercial 

use withbn a corj aratively shorter period than from conventional breed

.2ing
 

Plant tissue culture technology broadly refers to the 

in-vitro cultivation of dil plant parts. A tissue culture system 

is also very often a model system which allows to investigate physio

logical, bio-chemical, genetic and structural problems related to 

plants 3 

In Sri Lanka, mosaic virus disease is a major problem 

in papaya cultivations. By neristem tissue culture, virus free plants 

4 
can also be propagated 
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There are two main pathways of tissue culture propagation 

of plants.
 

1. Via organogenesis - prodkoe true to type plants 

2. Via somatic embryogenesis - a) Direct 

b) Indirect - through callus 

where variations in plants
 

can be observed.
 

Selected
 
plants Field planting
 

Explants
 

Acclimatizing to soiL.
 
Surface disinfestation
 

Establishrrent in culture 
medium 
 Plantlets
 

Shoot proliferation Somatic embryo
format ion 

Callus
 
format ion. 

Root induction
 
and re-establish 
apical dominance
 

Fig. 1 - Pathways of Tissue Culture propagation of 

Papaya Plants. 
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Objectives of our study are as follows 

1. 	 To develop the most zippropriate tissue culture technology for 

clonal propagation of selected papaya plants. 

2. 	 To test the hypothesis of genetic variation in tissue cultured 

plants by szatic errbyrogenesis 

3. 	 To build up expertise in modern techniques and form a team of 

expertcs to adapt tissue culture as a tool for mass production 

of selected commercial crops. 

2.0 	 KMMRIMS AN) MOIHODS 

2.1 	 Explants for culturing 

Explants were tahen from young seedlings and mature papaya 

plants bearing flowers and fruits. For organogenesis studies, 

plant apical end and axillary buds were taken as explants. 

For callus production studies, newly fonver leaf petiole 

pieces and newly formed leaf mid rib areas were taken. 

Explants wenr taken in the morning between 8.00 a.m. to 

]0.00 a.m. 

2.2 	 Media Preparation 

Murashige minimal organics mrdiutm containing Murashige and 

Skoog plant salt miKxture (MS) was used for all cultures. 

Composition of the Murashige minimal organics medium 

1. 	 Murashigi & Skoog plant salt mixture -


Macro elePrnts - mg/L
 

iH 	 1650.00
4N3 


KND3 1900.00
 

CaC 2.2 H20 440.00
 

MgSO4 .7 H20 370.00
 

1jil PO 	 170.00 
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Micro elements -

Na- - EDTA 37.30 

FeSO4 . 7 H20 27.80
 
H3BO3 6.20
 

MnSO4 . H20 16.90 

ZnSO4 . 7 H20 8.60 

K1 0.83 

Na2MO04 . 2 H20 0.25 

CuSO4 . 5 H20 0.025
 

CoC 2 . 6 H20 0.025
 

4330.00
 

2. Sucrose 30000.00
 

3. 1-Inositol 100.00
 

4. Thiamine HCI 0.40
 

5. Buffering agents: Phytion 

Basic medium composition 

Murashige Minimal Organics rredium 34.00 g/L 

Casein hydrolyzate 0.50 g/L
 

Coconut water 10.00% 

Agar 0.8 - 0.9% 

pH of the media was adjusted to 5.7 before adding agar, 

and heated, in a water bath to dissolve agar. Vessels containing 

media were autoclaved at 15 psi (1.06 kg/cm2 ) for 15 min. 

MaCarthy bottles (30 ml) and Magenta flasks were used 

as culture vessels.
 

http:30000.00
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2.3 	 Aseptic Culturing 

Handling and transfer of explants were carried out inside a 

Edge Gard Hood type Laminar air flow cabin-et. 

2.4 Surface Sterilization of explants 

For disinfestation 20% clorox solution containing 1% sodium 

hypochlorite was used with 0.3% surfactant 'N' (wetting 

agent). 

3.0 	 EXPERIMETS 

3.1 	 Determination of optimum time period for surface sterilization 

of explants 

Five 	 batches of explants each containing 30 tissues were 

used. Tissues were dipf- d in 20% clorox solution with 0.1% 

surfactant 'N' while shaking for different time intervals 

such 	 as rin, 8 rin, ruin 12 and4 6 rin, 10 and ruin washed 

in sterile distilled water for 3 tires. Explants were cultured 

in Murashige and Skoog basic medium.. 

Nmix-r of tissues survived, bleached and contaminated were 

counted after 1 week. 

3.2 	 Organogenesis studies 

3.2.1 	 Determination of optimum growth rmdiiun for Papaya 

tissues 

Apical end and axillary bud explants were surface 

sterilized and cultured in the MS basic medium 

with different conbinations of plant hovrrones, 

auxins and cytokinins. As auxins, N-pthalene 

acetic 	 acid (NAA) and Indole butyric acid (IBA) 
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were used and as cytokinins; Kinetin (KIN) and Be.nzylamino

"purine (BAP) were used. 

Any signs of callus production and shoot initiation were 

noted. Cultured tissues were subcultured ir) every two weeks 

into the same medium. 

3.2.2 	 Proliferation rate studies
 

Apical end and axillary bud explants were cultured in the 

above selected optimum growth medium. Number of new shoots 

formed were counted in every two week durations. 

3.2.3 	 Determination of a suitable medium to induce rooting of 

Papaya shoots 

With the MS basic medium different concentrations of auxins 

and cytokinins were used as Auxin : Cytokinin 1. 

Proliferated shoots were separated aseptically and cultured 

in these media. 

Any signs 	of root initiation were rioted after 3 weeks. 

3.2.4 	 Acclimatizing the rooted plants in soil 

Sub soil from an uncovered place was taken and all rough 

particles were reioved. Two batches of experiments were 

carried out with • 

1) Sterilized soil (at 15 psi for 2 hours) 

2) Non-sterile soil 

8" x 6" poly bags with 3 holes at the bottom were filled 

with soil and used for planting. 

Rooted plants in the above selected medium were taken 

out from the vessel and washed well to remove 
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any residual agar. Any callus formation at the base 

was also removed to avoid rotting when transferred 

to soil. 

Washed 	 plants were separated into 2 batches and 

were given two different treatments. 

1. Immersed in dilute green hyponex solution for 

30 min.
 

2. Imnsrsed in dilute maxicrop fertilizer solution 

for 30 min. 

Finally plants were dipped in a fungicide solution 

for 1-2 min and planted in soil bags. Plants were 

kept covered during the first two weeks in soil 

to avoid wilting due to sudden drop of humidity, 

and gradually exposed to normal field conditions. 

3.2.5 	 Field trials on tissue culture propagated papaya 

plants -

Plants wre. kept in soil bags for one month under 

controlled temrqcrature, humidity and water vre trans

ferred to the field to test morphological character

istics and the fruit quality in conrparison to their 

mother plants. Thes, mother plants were- randomly 

selected fron various locations. Further trials 

are being carried out with selected varieties of 

papaya 	plants. 

3.3 Studies on somatic ermbryocgenesis 

3.3.1 Determination of a suitable mredium to produce embryo

nic callus
 

Ne.wly form-d leaf p-.tiole pieces of 0.3 - 0.5 cm 

in length and leaf mid rih areas wre taken as explants. 
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Explants were surface sterilized and cultured in 

the MS oasic medium with different levels of auxins 

and cytokinins. 

Types of callus produced was noted after four weeks. 

3.3.2 	 Determination of a suitable medium to generate plantlets 

through callus 

Embryonic callus generaLed in the above selected 

mediun was transferred to MS basic medium with different 

combinations of plant hormones. Signs of plantlet 

generation were noted after 10 weeks. 

4.0 RESULTS AND DISCUSSION 

4.1 Optimum time period for surface sterilization of explants 

Dipping 	tim- of explants in 4 6 8 10 12 
20% clorox solution (min.)
 

No. of exlants cu!.tured 30 30 30 30 30 
No. of explants survived 00 13 18 14 07 

after 1 w-=ek 

N). of contaminat-d explants 30 17 12 05 00 

No. of bleach-d ,explants 00 00 00 11 23 

% of contamination 100 56.7 40.0 16.7 00 

Table 1 	- The effect of dipping tine. in clorox solution 

From the P~sults obtained, optinun surface disinfestation
 

time for Papaya exlants was determined as 8 min. follow.d, 

by three washings in sterile distilled water. 
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4.2 Oranogenesis studies 

4.2.1 Optimum growth medium for papaya tissues 

Medium Hormone concentration Degree of growth after 
(mg/L) 4 weeks 

A IBA KIN BAP Shoot initiation callus produc
tion 

M1 0.2 - - 5.0 + 

M2 2.0 - - 0.2 + 

M3 0.5 - - 2.0 ++ ++ 

M4 2.0 - 0.4 - + 

M5 2.0 - 10.0 - + 

M6 - 5.0 0.1 -

M7 - 0.03 - 0.03 ++ ++
 

M8N - 0.03 - 0.3 ++++ ++
 

M9 - 0.03 - 10.0 ++ ++
 

MO0 0.03 - 0.05 ++ + 

Table 2 - Tbe effect of different horin,es and their concentrations 

on callus production and shoot initiation 

NAA - Napthalen? acetic acid 

ILA - Indole 3-butyric acid 

KIN - Kinetin
 

RAP - Bnzylajninopurine 

Degree of growth ---. Nil +++ Good 

+ Poor ++++ Very good 

++ Average 
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Shoot initiation was observed in M3, MT, M8, M9 and 
M media. Callus formation was observed in all media tested 

especially at cut edges. In different media callus produced 

were also different in nature such as spongy white, light green 

spongy, coqipact yellowish etc. 

M8 medium with 0.03 mg/L IBA and 0.3 mg/L BAP was found 

to be the best edium for shoot initiation and proliferation. 

In M3 medium with NAA and BlIP, shoot development habit 

was very '.xhn iqxare d with M, M9 andcc,,ted media M8, 

M0containing IBA and BAP. 

It was found that the auxin IBA is mLre effective at 

a lower concentration with 10 tirms BAP in shoot proliferation 

of Papaya. 

For further shoot proliferation rate studies M8 medium 

was selected. 

Plate 1 - Cultured explants in different media 



Plate 2 - Proliferated Papaya shoots in M8 rrrdiiin 

4.2.2 Proliferation Rate Studies 

Afte r 2 weks in M8 r-di,-n, explants gave j 5 fold increase 

in shoot nurd>-r, and a 12 fold incriase after 4 eks. 

. 3 oi 

Plat,.e 3 - Shoot prolif,r:tion of papaya explant aft,- I w'.eks 
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4.2.3 Determination of a suitable medium to induce rooting 

of papaya shoots 

Hornone concentration Observations after 3 weeks
 
Medium (mg/L)
 

NAA IBaI KIN BAP 	 Root Apical Callus 
initia- dominance product
tfon 	 ion
 

R1 - 0.03 - - N N / 

R2 - 0.3 - - N N 

R3 - 3.0 - - + N 

R4 0.03 - - - N N . 

R 0.1 - N V I5I 

R6 0.3 - N N
 

R 3.0 -- N N
 

R- 5.0 - 0.03 ++ 	 I 

R9 6.0 - 0.03 +++ I /
 

R 0 10.0 - 0.03 ++
 

R 6.0 0.03 - N N : /
 
R - 10.0 0.03 - N N ./ 

12 
R 3 1 0.1 -1 0.03 N N '/ 

R 6.0 - 0.03 N N I
14
 

R15 0.1 0.03 - N N
 

R 6.0 0.03 - N N 
 I16 

Table 3 - The effect of different honnnes and their
 

concentrations on root induction of papaya shoots
 

+ Low / Pnsent 

++ Medium N Absent 

+++ Hijh 
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Callus formation was obvious in all the media
 

tested. Type of calius produced and the amount varied with 

the hormone and its concentration. R5 nedium with 0.1 mg/L 

NAA was found to be the best for good apical dominance with 

stem elongation. But root initiation was not observed upto 

4 weeks in this mdium. 

All the three media with IBA and BAP showed apical 

dominance with very low callus production when compared with 

other media tested. R9 edium wiLh 6.0 mg/L IBA and 0.03 

mg/L BAP was found to be the best to produce roots within 

3 w-eks of culturing, with apical dominance, 

R3 ndium only with 3.0 mg/L IBA and and RI0R8 

media with both IBA and BAP concentrat:ions were found to 

be good in root initiation.
 

With these experiments R9 n-edjirm was selected 

to produce roots in tissue cultured papaya shoots. 

Plate 4 - Explants initiating roots in different media tested. 
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Plate 5 -	 Rooted plant in R9 rrldiu-n. 

4.2.4 	 Acclimatizing the rooted plants in soil 

From the two batches of soil, non-sterile soil 

was found to b, bxtter than sterilized soil. In sterile 

soil bags, fungus growth was obvious when exposed to nomal 

field conditions.
 

Plant survival rate was mainly dep-nded on the 

degree of washing of the plant and tho amnunt of water applied 

to the plant during tho first wx.ek of planting. 

Fron the two fertilizer solutions us!ed, no rmark-d 

difference in growth of plants was obvious. 
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Plate 6 - Rootod Papaya plant ready to take. out from 

the jnipnta flask 

Platp 7 Papaya plant talvn out from the contairyr and 

wasIhd 



- 16-


It was observed that the plants having too much 

of roots te&rxd to rot after planting and it was due to lack 

of washing. Plants nad just initiated roots and the plants 

in the rooting madium for 3 wrneks and without having roots showed 

a better survival rate insoil. 

Plate 8 - Tissue culturrd Papaya plant in soil 

4.2.5 Field trials on tissue culture propagated papaya plants 

Tissue culture propagated papaya plants and their 

fruits shoved no morphological differencya from their conventiona

11y propagated mother plants. How-ver few harrnmarodite plants 

produced male flowrrs unr-r water stress conditions. 
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Plate 9 - Tissue culliur, propagatead plant at the 

flowering stage 
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Plat,- 10 - Tissue cultur- propagatd plant at th'. 

fruiting stag 



--- 

4.3 
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Somatic Enbryogenesis 

rredium to produce embryonic callus
4.3.1 	 Suitable 

we
In all the media tested, various types of callus 

wern no signsmedium there 
generated, but excpt in C8 

of 

erbryoanesis. 

In C8 m-dium with 12.0 mg/L IBA and 0.03 mg/L BAP, 

grintyp of allus w at,d and 
d-rk y.llioish ccro>3':t 

callus growth also 
TypYe of callus and t)- rate of 

to explant and its ag=.
showtd a variation fr)n explant 

Tyyl_ of callus produ(mg/L)HorWone conoentration 
oed after 6 weeks 

2.4D INA\A IBA KIN BAP 

----- 4---------------------------------------------
spongy- Light grren--C1 0.05 


C2 0.1  -

3 0.5 
-

- 0.3 -C4 

White spongy- 5.0 0.1C5 

White ccorqact
- 0.3 - -C6 

-- 0.03 /I 7
 

- 0.03 Dark yellowish coT)act
- 12.9C8 

th-ir
4 - Th (-ffect of different hnnes and 

Table 
callus productionon eni)ryoniccono=ntrations 

fron pap-aya explants. 
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Plato 9 - Callus 9-nwrtd in C3 rdium 

DP nt,: 1) - nllisc in r arn iiim 
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Platt 11 - E-tryonic calluc 9?fl.rated in rrdiuC8 

4.3.2 	 Suitable redium to generate plantlets through callus 

I -

HoCn"nw onntatt)n Plant g9neratic)n
 
,kltdi Un (mg/'L) within 10 veoks
 

I B1 	 IAP 

E 	 0.03 0.03 x 

E2 0.3 0.03 x
 

E3 3.0 0.03 x
 

E 6.0 0.03 x

.4
 

E5 	 0.03 0.003 i x 

E.3 0.003 	 x 

3.0 0.003 	 x 

8 6.0 0.003 	 ,/ 
8I 

Table 5 - Thr iFf ct of diffron-:lt hotinyt lovis on p]aimtlet 
9-neJat ion thr)ugi ca1 1is 

x abs' nt 
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When callus generated in C8 rredium was transferred 

to medium with 6.0 mg/L IBA and 0.003 mg/L BAP, plantletE8 

generation was observed within 10 weeks after culturing. Roots 

of the plantlets formed a net-like structure and this became 

a pmblem when separating the plantlets wIich are adiering 

to each other. 

T i, 	 p.timtial of p).ntlet g~n ralt:ion wais fOlld to 

t'. nicpa-a. cdill.us ' inrc] aboutratod vWr~i:u1jbciju fori 

5-6 tips an-] njaintain,-d in-vitro for about 6-8 m-rnths. 

Platt 12 - Plantlpt generation throuj erix-yonic callus 

in E8 mdiu.m 

http:cdill.us
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5.0 (ONZUSION 

The 	experirments carried out revealed the following conclusions. 

5.1 Optinial surfao disinfestation time. for Papaya explants of 

0.5 - 1.0 cm in length was found to be 8 min in 20% clorox 

solution with 0.1% surfactant "N" followzd by thme washings 

in sterile distilled water. 

5.2 14z shigq and Skoog basal mzdium with 0.03 rn2/L IBA and 

0.3 	 ,nl':,. BAP -as F..d to b- th, b:,3t rndiu1 (:8)v aitong 

t : ; gd ,n d .	 , -t'.a , % :h c a i . e ; 2 fol 5 i n %c ~ sa' i n sh o o t 

LIu'4)7: 	afLr 4 w-:ks of culturirg. 

5.3 ir[shic:i and Skoog basal m:di.u ith 6.0 ri,/L IBA and 

0.03 	 rwL' .AP was for 1 to b, I-I l1- st m-diun (R9 ) to 

induo-. rooting of Dx=ya shoots and to P:.-stablish apical 

dominano-y.. 

5.4 	 Growth rate of the tissues in-vitro was found to bs closely 

re-lated to the condition of th- motlier plant from which 

the explants vr rs taken. To obtain a good proliferation 

rat,-., the explants should h taken frm a hsalthy plant. 

5.5 	 Dzgx- of washing to rrnvi all traf.-s of agar before 
plant ing in soil was found to he- very irrortant to avoid 

fungal attacks. 

5.6 	 To obtain a good survival rat,- of tissLk= cultured plants 

in soil, planting should he dory in a wll draird soil 

and water application during the first wyek should he 

very limited. 

5.7 Tissuem culture, propagated papaya plants through organoge

rnsis gave plantlets similar to their motherr plants. 



-24

5.8 C8 medium with 12.0 mg/L IBA and 0.03 mg/L BAP was selected 

as the best mrndium to produce enrbryonic callus of papaya. 

5.9 E. m-dium ith 6.0 n-g/L IBA and 0.003 rrg/LBXP.%was found to 

be the best rndiu- to produo. plantlets fro eirbryonic 
ca l lus . .. . . ... . . . .. .... ...... .........
 

5. 10 Pixoloro d du.tio, of suqAx-1tur2 and aging of the callus 

:.:l':::for,.tele- ,,f.:.. v,5 "b.p,). Ji'.o a' plartl,-ts., .v. :v. 


...... a '-r'zi.-V t-.:r/'.j.al c.:oisa.z. . th 5hc p.: .'ii. with 

5. 12 Th mai, problem O:Ctun'd t'. ; theduri,:g 'p-ri-m-:ints was 

higher micmbial contanination in cultl-urrs. At the bseginning, 

about 40% of explants had to bi discarded and this perrcenta9e 

varbis with the wamlocation fron %I-km th, explants takrr. 
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