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Abstract 

For banana major effort la exerted, toward* the Induction 

of callus growth and possible organogenesis. In addition 

to determining the best cultural conditions, especially 

the role of growth supplements the suitability of various 

plant parts as source of expiants is being Investigated. 

Auxins sometimes in combination with kinetln and yeast 

extract are used to vary the basic medium which is Murashlge 

and Skoog's with coconut water. With respect to source «of 

expiants the following are being triedi fruit pulp tissue 

from immature and mature but unripe fruits, ovary segments 

with or without ovules and sections from shoot tips. 

Control of tissue browning is being attempted with the 

use of ascorbic acid and with ascorbic acid plus citric 

acid. Liquid and solid media, the former as shake or as 

filter paper-bridge cultures are being compared. Some 

experiments have been conducted on the growth stimulating 

or morphogenetlc effects of irradiation. 

From fruit pulp tissues callus growth was obtained 

in response to treatment with From immature tissues 

tile callus formed was hard, brittle and slow growing. From 

mature but unripe tissues cottony and relatively fast growing 

type was obtained. Irradiation at 0.1 to 1.0 Kr tends to 

induce faster callus growth in the otherwise slow growing 

cultures. The callus obtained are being sub-cultured for 

further proliferation and possible differentiation. Sections 
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derived from the shoot tips of developing suckers or 

relatively undeveloped axillary buds exhibited marked 

responses to growth regulators. Addition of (1.0 -

2 . 5 ppm) favored callus formation. \AA ( 2 . 5 ppm) Induced 

appearance of roots. Shoots appeared In several cultures 

supplemented with kir.etin. In ore case multiple shoots were 

regenerated from a single section, one of the shoots 

developed roots so a complete plantlet was formed. Ex

periments are underway to determine the origin of the shoot. 

Also use of iiolasec apical zneristems with the least 

number of accompanying leaf primordia as the expiant is 

being tried. It is hoped that this will lead to a more 

efficient and rapid plantlet regeneration and to an 

increased probability of inducing mutation In the growing 

point Itself. 

With respect to coconut our experiments are chiefly 

about determining the most effective condition for induction 

of morphogenetlc differences by Irradiation In embryos 

grown in vitro. Embryos are Irradiated at various phases 

of culture, that is during the early and final stage of 

liquid culture and at varying number of days after transfer 

to a solid medium. Mutagenic effect of irradiated liquid 

or solid media is also being assessed. 

Embryos irradiated during the early stage of liquid 

culture mostly appear normal throughout the duration of 

this phase of culture. But adverse effects of irradiation 

become evident during the subsequent growth in solid. It' 

Is towards the latter stage of solid culture that morpho

logical differences may be obtained. Irradiation a week 

after transfer to solid medium has a more inhibiting 

effect on development compared to irradiation at 3 weeks 
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after transfer. Survival and development become adversely 

affected.!at a dose of 1 Kr. Irradiation of the liquid 

as well as solid media up to 50 Kr has no adverse effect. 

I. INTRODUCTION 

Genetic improvement of soue important crop plants 

is hampered by certain features of the reproductive 

cycle of the plant. Among these are pollen sterility, 

seed sterility and long juvenile phase. Furthermore, 

a plant may be propagated only by seed with the attend

ant likelihood of dispersing the desired combination 

of characters. Induced mutation is a means of Intro

ducing genetic variability in vegetatively propagated 

crops. The production of mutants will be greatly 

accelerated by developing a technique for the regenera

tion of plantlets of single cell origin. The tissue 

culture technique can be used, to mass propagate mutant 

plants, tissues or organ. 
y 

As stated by De Langhe the improvement of banana 

amounts to a continuous fight against fertility, a 

property which is the essential Instrument of improvement 

Itself. The reason for this is that for edible banana 

the end product of crosses and selection must never 

produce.a single seed. The new cultivar must be completely 

pollen sterile or preferably seed sterile. 
1/ E. De Langhe. 196°. Bananas. In Outlines of 

perennial breeding. F.P. Ferwerda and F. Wit, eds. %. 
Veenman and Zonen K.V. Wageningen I969. . 
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?or coconut the long breeding c,\cle is 

to rapir^ cevelopient of a new cultlvar. '. ut production 

r.ostly starts between the 5th an.i 9 th year while naxl'num 

bearing for the toll variety lr, --enern.il;; reached bet-
2 / 

ween the 1 0 t h and 2 0th year—. Another probier- is that 

the plant is very heterogenous and has no practical method 

of vegetative propagation. 

1 1 . 'axpji -;i . ±: : j?s o. : . a . a 

The current emphasis Is on the induction of callus 

and organogenesis. The experiments can be categorized 

as followsi a) anipulatlons of the physical condition 

and composition of the culture ,:'.edia especially with 

respect to growth regulators, b) Techniques to overcome 

discolorations of explants, c) The ~h'*---of plant tissue 

used as explant, r>) Growth anr' lorphotfenetic effects of 

irradiation. 

experiment 1 . Culture of expiants fro---, the fruit 

•Sub-experi."lent la. tesponse of banana fruit tissues 
tp irradiation. 

voun'< banana fruits, 2 and 4- weeks fro 1 

emergence of the inflorescence, were used as sources 

of expiants. Cross-sectional tissue pieces con

sisting of both the peel and the pulp were cultured 

in White's basal tpediun supplemented with 2 . 5 ppn 

2,k-D. Irradiation was applied to the culture 

medium before inoculation or directly to the tissues 

and culture .-nediui'! at a dosage of 0 . 1 , 1 . 0 , 2 .0 

and 4 . 0 Kr. 

2/P....L. Tainines and lit.A. Whitehead. I 9 6 9 . Coconuts. 
In Cutliaes of perennial crop breeding, r'.jf'. r'erwerda 
and ?. '/fit, eds. H. '/eerwan and Zonen iJ.V. wageningen 
1969 . 

56 

http://--enern.il


C R I I U S growth in 2-week old banana fruit 

tissues was confined mainl;v in the region of the 

peel, at the junction of the pulp and trie peel 

(fig. le.). 'he pulp tissue turned jrown and did 

not grow. On the other hand,- In sections derived 

from 4-week old fruits rapid, cottony callus growth 

was observed only In the pulp area. At this stage, 

the peel seem to have lost its capacity to pro

liferate In the sa-e treatment (fig. l b ) . 

Radiation fro~ Q.IO to 2 . ° .Cr increase? callus 

growth of the peel and the pulp in both 2- and 4— 

week old banana fruit tissues; while a decrease in 

callus growth was noted at 4 v r (fig. la and lb) . 

•che results confirmed our previous observation 

of the growth stimulating effects of irradiation. 

Sub-experiiient lb. .affect of ovules on the growth 
of fruit tissues la Vitro. 

Cross-sectional segments of very young fruits 

with the ovules intact or removed were cultured in 

White's medium supplemented with 2,4—Ji. In both 

treatments the inner side of the peel proliferated 

while the "pulp" did not. Thus the ovule does not 

play a decisive role in the growth of fruit pulp 

tissues in vitro. The result of this experiment 

also confirmed our unsuccessful attenpt to pro

liferate the pulp In very young fruit tissues in 

vitro. 

Sub-experiment le. Sub-culture of callus pieces 

Pieces of tissues from banana fruit pulp_ 

calluses were subcultured in './hits's medium with 
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2,4-D. The calluses continued to proliferate in 

the transfer nediun but fallen to differentiate 

into either shoot or root. . oreover, after some 

period of culture proliferation coused. 

Sub-experiment Id. Sub-culture of cell suspensions 

In this experiment, rapidly crowing fruit 

pulp tissue with cottony callus were fragmented 

In a small amount of distilled water in small 

flasks. Cell suspension aliquots (0.5 ml) were 

pipetted and transplanted to solid White's basal 

'nediura supplemented with different combinations of 

2,4-D and Kinetln. Results were negative in all the 

treat.-nents. 

Experiment 2. Culture of expiants from the shoot 
tip region. 

Blocks of tissues were obtained from the shoot tip 

area of young suckers of relatively developed buds. 

These were cut into expiants about 0.5 sq. cm in size. 

The expiants are not uniform in that they may include 

along with tissues of the cor/n, the entire or fragment 

of the shoot apex, portions of leaf primordia or the 

corr-. tissue only. To overcome this lack of uniformity 

the expiants were randomly distributed among the 

treatments. 

Sub-experiment 2a. Response to growth regulators 

A variety of responses was obtained depending 

upon the growth regulator supplement* As shown 

in table 1 and figure 2 callus formation is a 

characteristic morphogenetic response to 2,4-D. 
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In combination with kinetin 2,k*ù was already 

supraoptlmal at 2.5 ppio. any of the exolants 

Increased in size but showed no r-orphogenetlc 

development, rhoue enlarged sections becane dark 

all over. These expiants apparently consisted only 

of corn tissue. Those which developed, callus 

contained »ither a leaf or the apex tissue. 

•••/hen klnetln was interacted with *AA the 

expiants differentiated roots and shoots. However, 

the presence of dead expiants and those which merely 

enlarged was still evident (table ?.). ihoots were 

forired In . urashlge and. Skoog's raediu" supplemented, 

with klnetln only. Figure 3. shows a single culture' 

which regenerated several shoots. A oori'plete plant-

let regenerated in vitro is shown in figure 4 . 

Figure 5 showô plantlets which has been transferred 

to a potted, medium and ralntalned inside a green

house under non-aseptic condition. These responses 

to growth regulators can be exploited to régénérâte 

plantlets of single- or few-celled origin to give 

rise to numerous plantlets which are completely 

mutant. 

Sub—experiment 2b. J.-tesponses to treatment with 
ascorbic acid 

. Development of dark discoloration of the 

expiant whether fro<v the fruit or shoot tip is a 

very comnon occurrence. This is especially true 

with the part In contact with the medium. In the 

case of shoot tip expiants the portion derived, from 

the corm proper turned completely dark. To alleviate 

the problem the following treatments with ascorbic 
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acid ( I 7 - solution) were cried 1 1) sectioning the 

tissue blocks into expiants in the presence of 

ascorbic acid, 8) CUT:ting in water but soaking the 

expiants in ascorbic acid for 5 /uinutes, 3) as in 2 

but keeping in ascorbic acid for 10 minutes and 

4) pouring ascorbic acid into the mediurt after 

inoculation. As seen in figure 6 cutting in the 

presence of ascorbic acid has a markedly favorable 

effect. However the treatment did not completely 

prevent the occurrence of discoloration. Those in 

the aedia to which ascorbic acid was poured did not 

turn black but died. Probably the media became too 

acidic for growth and viability. 

III. aXPSRIi-SK'fS WITH COCOUUT 

ïXie to the difficulty of callus induction with 

coconut the current experiments are confined to the 

effects of irradiation on enbryos cultured in vitro. 

Embryos are subjected, to irradiation at various stages 

of development. The mutagenic effects of irradiated 

media are also being observed. 

Experiment 1 . effects of direct irradiation 

Sub-experiment la. Irradiation during the Initial 
liquid culture ~ ~ 

The sequence of culture for coconut er.ibryos 

from initial inoculation to soil culture was given 

in last year's annual report. The following mor

phological abnormalities were also reported, 

a) spreading out of the leaves starting at the base 

in contrast to the norinal condition of tightly 

clasping leaf sheaths, b) bending or slight twisting 



of the leaves, c) fusion of adjacent leaf sheaths, 

d) Inhibited development of the lamina and 

e) shortening of the leaves. iiese were the 

effects on e.abryos irradiated at either during 

the first week in liquid culture or 8 weeks, that 

is, just prior to the first solid transfer. The 

.-.orpholo^lcal abnonallties beca* e distinct during 

the second liquid or second solid transfers that is 

from 20 weeks of culture or later. one of the 

coi J jecJlii^ü survive 4 yerllte culture, the first 

stage of non-sterile culture under greenhouse 

condition. This is due to the inhibited growth 

of the roots. There is one surviving seedling 

which was irradiated at 0 .1 Kr during the first 

week In the initial liquid culture. This up to 

now does not show any apparent .n'orphological 

abnormality (?Ig. 7 ) . Frequency of occurrence 

of abnornalities in different treatments is shown 

in table 3 . 

Sub-experiment lb. Irradiation durin-r the first 
solid transfer 

This study is a continuation of our attempt 

to determine the nost suitable stage of exposing 

the enbryos to irradiation to obtain the naxinui: 

nuuiber of surviving seedlings showing morphological 

and physiological abnormalities. 

V/e have previously reported, 'that survival, 

germination and growth of embryos are adversely 

affected, when irradiation Is given to 8-x?eek old 

cultures, that is just prior to transfer to solid 

culture. This observation led us to deterr-ine the 
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r.ost sensitive stage during the solid culture. The 

eybryos were irradiated during the first, second, 

third, and fourth week after transfer to solid. At 

these stages they are in an active state of actual 

gemination. For sore the shoot and/or root has 

eperged. 

Irradiation at different stages of growth 

tVuring the first solid transfer inhibited shoot 

growth (Tables 4 a-d). Inhibition Is directly related 

to dosage of irradiation. Similar trend of results 

is "observed on root growth especially those irradiated 

one week and two weeks after transfer to first solid 

(Tables 4a and 4 b ) . :\o definite trend, hov;ever, is 

observed on those irradiated, later (Tables 4c and 4 d ) . 

Viability of the seedlings Is likewise adversely 

affected by irradiation; lethal effects are more 

distinct in embryos irradiated during the earlier 

stages of growth. 

To date, the surviving irradiated seedlings 

started in this sub-experiment are nostly in either 

the second liquid or second solid stage of culture. 

Ibst of the seedlings do not show yet distinct 

morphological abnormality except one. This has 

produced two shoots (fig. 3). Another seedling 

irradiated at 0.5 Kr four weeks after transfer to 

first solid, shows chlorophyll deficiency (fig. 9). 

It has b^en previously reported that norphological 

abnormality is manifested only during the second 

liquid or second solid transfers for those irra

diated during the initial liquid culture. In the 

case of the "branched" seedling, twistinc; of leaves 
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and fusion of loaf sheaths were observed very . uch 

earlier, that is during the latev ütar,o of the 

first ::ollr transfer. 

Sxperjrent 2. E F F E C T of Irradiate^ culture -ê iu,;'. 

V.Te have reported previously that no morphological 

aberration was observed M e ̂ bryos : , R O V I in irradiated 

"e^ia, ?he seodl.tnnrs derived fro<- such e-bryos have 

beer carrlsd up to the -»crlite o'I'.ture ( 1.0) and to 

cell cvlturr ( 7 1 ^ . 1 1 ) l.i the t-r-C-.i'-n-iyc «-t still no 

abnor all ties can ".-e observe.*. Jhe see'" lin.-; in figure 1 0 

was ;:rov:n previously in irradiate;"! solid medium at 

1.0.0 :CR and. those shown in fi;-,ure I F E an--* figure lib were 

grown previously in Irradiate-! liquid . ediu . i at N . O and 

1 0 . 0 ;;r, respectively. The seedlings appear to be gffpwlng 

very well. 

•JTJ-TB-.II. PX.A'I>IS 

A. Jtudies on ,%ne.na 

1. ijased on our previous flnriiii£,s the work on 

banana will be concentrated on the use of 

expiants derived fra< developing suckers or 

relatively undeveloped axillary buds. The .'pain 

problem is still to deter.ine the best M E D I A and 

techniqties. using urashi.^e and dkoo,;:'s modi

fied iiediun interactions of growth regulators 

chiefly auxin and cytokinin will be screened 

for effectiveness as yedia far a '^Ivon sequ.encues 

in a series of transfers which so:neti..;es involves 

a liquid shake culture. 3OIOE treatments such as 

the use of ascorbic acid are being tried to 

voerco"e the problem of darkening of the tissues 
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in culture, .ocperliierts o n oanana hopes to 

achieve the following* 

a) Induction of multiple plantlet formation 

fro • excised shoot tips. 

b) Induction of callus growth fro.T shoot 

tips, developing leaves as well as fro.' 

subapical tissues of the corn. 

- • studies on Coconut 

1 . ixperi.uents on coconut will follow treatments 

sli..Ilar to tiiose for banana, ùhooe d p s will be 

used as expiants for the regeneration of either 

single or multiple plantlets. The tips will be 

derived frou e.Yoryos precultured in liquid media 

for 8 weeks or from seedlings which have been 

cultured in vitro. 

C. Irradiation Studies 

1 . Irradiation of coconut eubryos will be continued 

for the production of mutants seedlings. 

2. Shoot tips or other tissues will be irradiated 

prior to culture to determine the effects of 

irradiation on growth and morphogenetlc behavior 

of the tissue. 
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Table 1. Response of expiant» iro« (cultivar Bungilan) banan«t 
shoot tips growth regulators. 

, T N m i T iVra^ NUMB SR OF CULTURES SHOWING RESPONSE^ 
TREATMENT^/ « » j % i % i % 

i a : b t .enlargement » "ffl* 9|01ua > dead 
. I i j a j b I a » b t a » b 

1.0 2»4-D / 0.10 KI 7 3 43 (3) 14 (1) 100 (3) 43 (3) -
0.25 Ki 8 8 38 (3) 25 (2) 12 (1) 75 (6) 50 (4) -
0.50 Ki 6 6 - 50 (3) 67 (4) 50 (3) 33 (2) 

1.00 Ki 6 4 35 (3) 15 (1) 75 (3) 50 (3) 25 (1) 

5.00 Ki 6 6 50 (3) 50 (3) - 50 (3) 50 (3) -
2.5 2,4-D / 0.10 Ki 6 7 50 (3) 14 (1) - 43 (3) 50 (3) 43 (3) 

0.25 Ki 7 6 86 (6) 17 (1) U (1) 67 (4) 14 (1) 17 (1) 

0.50 Ki 5 5 100 (5) 60 (3) - - - 40 (2) 

1.00 Ki 5 5 100 (5) 40 (2) - 60 (3) - -
5.00 Ki 7 5 57 (4) 40 (2) — 40 (2) 43 (3) 20 (1) 

l/ Medium used is Modified Murashlge and Skoog's with coconut water and 
concentratio» ia in ppm. 

jg/ Excluding contaminated cultures, 
2/ No. in parenthesis is total number showing the response. 
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laüle ?.. ..C2 lonsr o f e x n l a n t s aunati'.i :;hcot tipa to 
growth regulators (Cultiver .ungula.n). 

Iraat ̂ .er.tsi^ 
1 

s Total „yj i.'U'-hcr of cultures Jhowini; iesponse^/ 
Iraat ̂ .er.tsi^ 1 Inoculates 

1 * enlargement 1 
. wi ' - i 
roo'u . 

, with 
shoot; t Dead 

1.0 'JAA + 0 . 1 0 33(3) 1 2 ( 1 ) 25(2) 33(3) 

0.25 •"1 /• - - :*'H3> 

0.50 Ki 6 17 0 .) 17 ( 1 ) 33(2) 50(3) 

1.00 •:i 7 29(2) - 4-3(3) 29(2) 

5.00 ni 7 1 4 ( 1 ) 14(1) 43(3) 43 (3 ) 

2 . 5 SAA + 0 . 1 0 >;i 9 22(2) - 11 (1 ) 67 (6 ) 

0 . 25 Ai B 50(4) 1 2 ( 1 ) 12 ( 1 ) 3« (3) 

0.50 Kl '7 / 29(2) 14(1) 2*1(2} 4-313) 

1 . 30 Ki 7 71(5) - 14(1) 14(1) 

5.00 Ki 7 43(3) 3 3 ( 1 ) 2 ) ( 2 ) 29(2) 

1 / ed.iun used is rodifed .urashige and Jkoog's with coconut water 
anr concentration is in pp:'. 

2/ Excluding contaminated cultures. 

3_/ Ko. In parenthesis is total nuvboi* showing the response. 
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TAHLS 3. Percent abnormality of embryos Irradiated, 
at 2 stages during the initial liquid 
culture and observed during the second 
liquid or second solid culture. 

Stage m Liquid ',. 0 0 3 6 ( K r ) 

C a l t a g e ; 0 ; o.i ; 0. 5 ; 1.0 ; 3.0 ; 5 . 0 

Irradiated Just , 
before the first 0(ll)a' 75.00(12) 88.89(9) 80.00(5) 
solid transfer 

One week old embryos 
irradiated with 9(13) 90.00(10) 88.89(9) 83,33(6) 
T.ediu-n 

One week old 
embryos Irra
diated and 0(21) 28.57(14) 52.94(17) 63.63(22) 88.89(9) 83.33(6; 
transferred to 
fresh unirra
diated medium 

a/ Figures in parenthesis indicate number of seedlings used. 

Table 4a. The effect of irradiation on the growth of eabryos, . 
Irradiated one week after transfer to solid stedxaa^C 

» Dono T , S H O O T i R O O T , ~ i^crc^r 
T ( K R ) T Length (mm).No. of Leaves.Length (»a0IPercent >ootaa^3»irvl-yal 

Raaained 0 39.0(15)^/ 3.33 42.07(14) 93.33(15) 90;00(S>) 
la 0.5 34.20(20) 3.10 I6i86(i5) 75.00(2)) 100.00(20) 

Irradiated - 1.0 19.00(18) 2.33 10.46(13 ) 6l.ll(l8) 57.89(19) 
»e<&u* 3.0 3.20(5) 1.00 2.00(3) 60.00(5) 15.00(2:') 

Transferred to 
fresh unirradiated 
méditai after 
irradiation 

0.5 
1.0 

25.00(13) 
19.26(19) 

3.0 3.83(6) 

2.84 
2.43 

1.00 

15.41(12) 
15.00(13) 

4.00(2) 

S£ 71(14) 
63.42(19) 

33.33(6) 

77.77(10) 
68.42(19) 

15.79(19) 

a/ Based on one tri al. 

b/ îigurea in parenthesis indicate number of plants used. 
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Table 4B. The effect of irradiation on the growth of embryos; Irradiated 
2 -nooks after transfer to solid medi-um8/. 

iDosot S H 0 0 T t R O O T •Percent 
j (Kr)tLonrth (»m)»No. of LnsvosjLen/rth (m»)lPeroe«t fUotinjnSurvival 

Remained 0 33.53(24r 3.66 22.16(16) 74.82(24) 93.73(27) 
in 0.5 33.92(25) 3.00 10.a(23) 92.85(25) a . 59(27) 

Irradiated 1.0 22.70(24) 2.33 8.55(22) 91.66(2*) 57.14(28) 
medium 3.0 7.51(23) 1.52 7.25(17) 74.61(23) 10.71(28) 

Transferred to 0. 5 23. 26( 25) 3.23 8.30(22) 91.60(24) 89.00(27) 
fresh unirradiated 1.0 20.05(2?) 2.66 6.47(19) 73.62(27) 46.42(23) 
nediiM after 3.0 9.92(2].) 1.5S 8.95(14) 67. 27(21) 14.55(27) 
irradiation 

a/ Based on two trials, 

b/ Figures in parenthesis indicate number of D L A I T S used. 

Table 4 E . Tno effect of irradiation on the growth of embryos; 
Irradiated three weeks after transfer to solid medt 

:Dose t S H O 0 T 1 R 0 0 T «Percent 
'(Kr) jLength (»m)»No. of Lpave S:Length (inn ;)iPercent Rioting j Surrival 

Remained 0 3 5 . 8 8(27)^ 3.24 11.85(25) 92.30(27) 100.00(36) 
in 0 .5 32.17(29) 3.19 19 . 60 (25) 86.77(29) 87 .33 (36 ) 

Irracü. ated 1.0 20 .55(30) 2 .61 13.44(24) 79.11(30) 71 .42(35) 
n ecu. ma 3.0 15.95(25) 2.09 21.50(19) 73.07(26) 47.61(35) 

Transferred to 0 .5 30.42(31) 2 . 7 8 9 .02 (26 ) 85.04(31) 88 .63 (35 ) 
fresh unirraetl ated 1 .0 22.75(28) 2 .85 8.46(24) 85.71(28) 65.26(36) 
raediUQ after 3.0 12.11(26) 1.59 9 .76 (20 ) 77 .95(26) 34.73<36) 
irradi ation 

77 .95(26) 34.73<36) 

a/ Based on two trials. 

b/ Figures in parenthesis indicate number of plants used. 
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T a b l e 4 4 . The e f f e o t o f I r r a d i a t i o n o n t h e growth of" embryos; , 
I r r a d i a t e d f b n r -weeks a f t e r t r a n s f e r t o s o l i d medinm&W 

«Dbee 
T ( K r ) 

I S H O O T £ R O O T I P e r c e n t 
sLemxth ( g m ) . N o . o f I * ? a v e s . I * A x t h imm)sPereent R n o t i n x i S a r r i T a l 

Remained 
i n 

I r r a c ü a t e d 
medium 

0 
0.5 
1.0 
3.0 

24.87(21)^ 
25.67(24) 
19.57(26) 
14.91(21) 

3 . 04 
3 .70 
2 .76 
2 .00 

12.09(17) 
10 .93(21) 
7.65(22) 
12.62(16) 

79.80(21) 
87.85(24) 
83.00(26) 
76.36(2L) 

88 I75 (26 ) 
75.79(30) 
51.49(31) 
30.55(30) 

T r a n s f e r r e d t o 
f r e s h u n i r r a d i a t e d 
medium a f t e r 
i r r a d i a t i o n 

0.5 
1 .0 
3 .0 

24 .51 (26 ) 
19 .93(24) 
13.42(25) 

2 . 9 5 
2.98 
2 . 2 4 

6.50(25) 
7.57(21) 
8.92(21) 

94.11(27) 
84.78(25) 
81.36(36) 

66.67(12) 
74.51(29) 
43.05(30) 

fj Baeed on t m t r i a l s . 

b / F i g u r e s i n p a r e n t h e a l s i n d i c a t e number o f p l a n t s u s e d . 
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P O S A Ö E : ( K r ) 

4 weeks 

DOSAGE (kr) 

Figure 1A and IB. Irradiated "banana fruit tissue 
2 weeks (A) and 4 weeks (±s) from emergence of 
Inflorescence cultured in Wo + 2,5 ppm 2,if-D. 
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«I. ISfa - I 
«If 

Pig. 2. Response of expiants from banana 
shoot tips to varying level of 2,4-D 
and KI. 
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Flg. 5. Banana plantlets growing In perilte. 
These were previously cultured in vitro 
in Mo + 1.0 ppm Ki. 

Fig. 6. Effect of ascorhlo acid t>: ..vent'on 
expiants grown in Ho' + îr : ppn. MA. 

Treatment 1 - no AA 
2 - sectioned in 1# AA-* ewpty petri 

dish inoculate 
3 - sectioned In H2O.-* d*p In 1% AA 

for 5 min. empty ̂ ish-* inoculate 

4 - sectioned in B£0-* dip In 1$ AA for 
10 min. -»• empty petri dish inoculate 

5 - addition of 5 ml 1# AA-seotioned in B20^» 
empty petri dish-*- inoculate 
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Flg. 7. Normally growing makapuno seedling 
in potted soil. (Kmbryo irradiated Fig. 8. Makapuno seedling with 2 shoots, 
at 0.1 Kr one week after the initial (Irradiated three weeks after 
inoculation In liquid culture). transfer to first solid). 



Pig. 9. A chlorophyll mutant makapuno seedling 
(left) in the second liquid culture. 
(Embryo irradiated at 0 .5 Kr after four 
weeks in the first solid culture). 

Pig. 10. Makapuno seedling growing in perlitei 
the seadling was previously grown in 
the first solid transfer medium irra
diated at 10 Kr. 



Pig. 11. Hakapuno seedlings grown In potted 
soil which were previously cultured in 
initial liquid mediun irradiated at 
(a) 5 Kr and (D) 10 Kr. 
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