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ABSTRACT

Explants obtained from shoot tips of develo
ping suckers of banana were found to be suitable 
materials for plantlet formation in vitro. Sub
culture of the shoots formed from the original 
explant can lead to regeneration of numerous 
shoots from a single sucker. The technique can be 
a practical method of propagation. Though a more 
rapid rate of multiplication is still to be desired 
the present rate is much faster than the maximum 
rate of sucker production obtained under natural 
conditions. The conditions which favor shopt 
formation were the addition of benzyladenine, the 
use of dextrose at 2% instead of 4%, and the use of 
either Murashige and Skoog or of Vacin ahd Went 
salt solution.

Viable explants can be obtained from suckers 
irradiated up to 10 Kr. Survival and shoot formation 
are sometimes not adversely affected by irradiation. 
Chlorosis and reduction in plantlet size and unusual 
seedling characters were among the features observed 
in plantlets regenerated from irradiated tissues.

Proliferations derived from the cotyledonary 
sheath in coconut embryos could be successfully sub
cultured. The initial and subsequent proliferations 
may appear as nodular growths. In continuous sub
culture a nodular growth may change over to a large 
mass with smooth surface. Cellular characteristics 
of the two types of growth are markedly different.

INTRODUCTION

Difficulties in banana breeding can be gleaned from the 
experience with the program in Jamaica and Trinidad which 
started with the principal objective of developing resistant 
strains to Panama disease. The work was essentially on the 
improvement of Gros Michel which for many years was the clone 
cultivated for export in Jamaica. It is also the basis of the 
export trade in Central and Northern South America. Gros Michel 
is an embodiment of excellent characters except for its 
susceptibility to Panama disease.

One of the piroblems was the lack of ideal male parents.
A  cross between Gros Michel (3N) and a wild seeded disease 
resistant strain (2N) produced disease resistant edible progeny
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but with the undesirable bunch and fruit characters of the male 
parent. Another problem was that further breeding from the 
progeny derived from Gros Hichel could result in the breakdown 
of the original desirable combination. The low rate or absence 
of seed production from some edible triploid female patents 
and poor seed germination were additional drawbacks.

Mutation breeding presents a promising possibility. A 
number of characters are presumed to have been affected by 
somatic mutations and it is known that certain clones like 
Highgate and Dwarf Cavendish have arisen as mutants. The 
prospects of mutation breeding was lightly discussed in some 
papers presented at the meeting in Buenos Aires in 1970.
The view was that the technique holds promise considering the 
attendant difficulties in hybridisation plus the fact that 
banana is vegetatively propagated. In the 1970 meeting a report 
on the isolation of 2 mutants produced by gamma-irradiation of 
whole suckers was presented by Fortuno and Maldonado.

A very important objective in banana is to breed for 
disease resistance. Foremost in importance is the Panama 
disease which so far can only be overcome by the use of 
resistant varieties. Next to disease, typhoons are very 
destructive to bananas. Further, dwarfs are more suitable 
for high density plantings which is becoming a trend in 
cultivation. For some of the plantain clones there is a 
desire to improve suckering capacity and eating quality.

It is acknowledged that a major problem in mutation 
breeding is the formation of chimeras. At.the same time it 
is recognized that the in-vitro method of regeneration of 
-plantlets most especially directly from singla cells could be 
applied to the production of solid mutants. With this in 
mind the first phase of project is largely devoted to the devel
opment of techniques for the culture of banana and coconut 
tissues.

EXPERIMENTS ON BANANAS

PiüXPARATION OF EXFLAN 13

Young suckers (fig. 1) were stripped off of their 
leaves until they have been reduced to a piece measuring 
about 2 cm. across at the base (fig^ 2). Several of these 
small pieces were collected in a Petri Dish or a bottle and 
brought to Manila for irradiation using the gamma irradiation 
facilities of the Philippine Atomic Energy Research Center. 
Inoculation of the tissues was done the following day. The 
explants were prepared as follows: The sucker-pieces were
sterilized using calcium hypochlorite solution. After 
sterilization more leaveSwere peeled off until the remaining 
shoot tip is about 1 cm at the base. This was cut into 4 
almost equal pieces each one serving as the explant for what 
is referred to as the initial culture (fig. 3a).
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For sub-cultures the explant (fig. 3b) was derived from 
shoots or buds regenerated in an initial or an earlier sub
culture (fig. 4). For irradiation in subculture experiments 
the explants were first established individually in test tubes 
containing 10 ml of solid (modified -,-hite's plus coconut water) medium 
for one week to check on contaminations. The day after 
irradiation the explants were transferred to fresh media 
(modified Murashige and Skoog's plus 5 ppm BA plus coconut 
water). Some of the explants were derived from initial cultures 
of irradiated tissues. This situation is what we termed re
irradiation.

RESULTS

1. The source of explants

The immature fruit is a possible material for propagation. 
Mohan Ram and Steward (1964) obtained callus and cell sus
pension cultures from immature fruit tissues. We have 
previously reportedJL/ that cross-sectional segments including 
both pulp and peel develop some degree of callusing in a 
suitable culture medium. The resulting callus can be sub
cultured but no organ differentiation was obtained.

Bananas are usually vegetatively propagated by means of 
suckers. Suckers develop from buds on the underground stem 
(corm). The buds originate opposite the leaves as sub- 
epidermal adventitious organs independent of the meristem 
proper (Simmonds, 1966). In vitro in the presence of 
stimulatory substances it may be possible to increase 
adventitious bud formation from the growing point and in 
more basal regions where adventitious roots usually originate.

2. Development of culture techniques

a. The effect of growth regulators. It has been demonstrated 
that the type of organogenesis can be modified by a mani
pulation of the supply of auxins and cytokinins. Pre
liminary experiments show that explants obtained from 
banana suckers respond similarly. NAA effectively induced 
root development. Callus growth &as promoted by a suitable 
combination of both kinetin and NAA. Slight stimulation 
of shoot formation was caused by the addition of kinetin to 
cultures of sucker explants. Addition of benzyladenine (BA) 
also showed a similar promotion (table 1). The promotive 
effect of cytokinins on bud formation was also reported 
by Su-shien and Shii (1974). They reported that omitting 
both kinetin and adenine sulfate from the media almost 
completely inhibited bud formation. The omission of 
kinetin alone already caused a substantial reduction.
The favorable effect of cytokinins on bud formation is 
seen further in sub-culture experiments (table 2).

1/ First Research Coordination Meeting in Japan, 1974.
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Figures 4, 5, 6 and 7 illustrate the extent and type of 
regeneration in sub-cultures to which cytokinin has been 
added. The resulting growths varied from well-developed 
Seedlings to tiny buds. A maximum of 80 has been counted. 
Since dissection was not done in most cases it is possible 
that the value given in the tables are underestimated. A 
culture with profuse shoot formation obtained in liquid 
medium is shown in fig. 4a. Though a more rapid multi
plication is desired the present rate is much faster than 
the maximum rate of sucker production obtained under 
natural conditions which is 20 plantsfit)m one parent.

b. Effects of other components of the media. Subsequent
sub-cultures were conducted to compare the effects of some 
mineral salt formulations and concentration of sugars.
Vacin and Vient, a commonly used solution in orchid tissue 
and embryo culture can also be used satisfactorily for 
banana (table 3 and fig. 8). Compared to Kurashige and 
Skoog's the salt formulation by White was inferior 
(tables 4a and 4b). It was also observed that dextrose 
gave better results when used at 2% (table 5).

3. Responses to irradiation

a. Radiosensitivitv of exulahts. In initial trials it 
was observed that 20 Kr was completely lethal to the 
explants. The highest dosage at which viable cultures 
were obtained was 10 Kr (table 6). Tables 7a, 7b, and 7c 
show the result of various trials oh effect of irradiation 
on survival^ and shoot formation. Cases of no inhibition 
by as high as 2.5 Kr has been noted. A similar observation 
was noted with reirradiation with respect to shoot formation 
(table 8). An instance where irradiation was stimulatory
is shown in figure 9.

b. Visual effects. The occurrence of chlorotic buds and 
shoots (fig. 10) appeared to be more commonly observed in 
irradiated cultures both in initial culture as well as in 
sub-cultures. The chlorotic appearance is not confined to 
the tiny buds (fig. 10b). The entire original explants
may become chlorotic. On the other hand there were cultures 
which have a more intense green coloration (fig. 10c). 
Figures 11 and 12 shows other unusual features. The 
leaf sheaths are shorter and the blade have been reduced 
to short, triangular dark green projections. Cn the whole, 
the plantlet gave a semblance to a miniature bamboo shoot. 
Tables 9a and 9b show the frequency of occurrence of some 
of the unusual features. In figure 12 the irradiated 
shoots are not so abnormal looking but the small.,size of the 
leaf blade is evident.

EXPERIMENTS OR COCONUT

The results deal with sub-cultures of proliferating tissues 
from the embryo. In callus inducing media embryos develop pro
liferations at the cotyledonary sheaths and in the prostem 
proper especially near the root. Proliferations from both

36



regions can be sub-cultured but those derived from the prostem 
proper did not continue to proliferate substantially. The 
cotyledonary sheath proliferations are sometimes nodular and may 
turn green and when suhpcultured especially in media
to which carbon has been incorporated they continue to proliferate. 
Sometimes the nodular appearance is lost and instead the sub
culture appears as a single big or consisting of a few smaller 
lumps with a smooth surface and spongy texture (fig. 14). In the 
modular type of proliferation the cells are small, prominently 
nucleated and have compact arrangement, similar to the cells in a 
meristem. Forms resembling the shoot primordia in various 
degrees of differentiation could be identified (fig. 15). In one 
culture shoots have been actually produced (fig. 16). The lumpy 
mass consists of lightly staining large irregularly-shaped 
parenchymatous cell delineated into groups by a thin row of flat 
cells (fig. 17).

The nodules may actually be units of organization 
similar to protocorm-like bodies in orchids. The spongy 
tissue through further manipulations could be directed to a 
real callus type of growth. Thus in coconut as in the orchid, 
two pathways of plantlet regeneration may be possible. A 
direct plantlet regeneration through "protoctunn" formation 
and an indirect regeneration through a callus phase.
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Table 2. Interaction between kind of media used for the 2 periods of culture 
(% showing the response).

. Previous
Treatment

\ ^ ( p p m )
: MC MC / 1.25

ppm BA
MC / 2.5 
ppm BA

MC ^ 5.0 
ppm BA

MC / 10.0 ppm 
BA MC / 20.0 ppm BA

Present^.
Treatment

(Dem) ^

:PS:PB:tBS 
4 : :

PS: PB :LBS PS: PB :LBS PS: PB :LBS PS : PB :LBS PS : PB : LBS

2.5 ppm BA 11.7 5.3 5.3

5.0 ppm BA 5.3 10 5.3 5.3

2.5 ppm BA / 
2.5 Ki

5.3 5 15 5

5.0 BA / 
2.5 Ki

5 5.0

PS - Profuse production of seedlings 
PB - Profuse bud formation 

LBS - Low bud or shoot formation 
MC - MS / 15% coconut water



Table 1. Response of banana sucker explants grown in 
Hurashige and Skoog's supplemented with 
different concentration of Benayladenine (BA) 
and 15% coconut water.

Benzyladenine
concentration

(ppm)

: No. of 
: shoot/
: culture

: % : 
: shoot : 
: formation :

Ave. shoot 
length

0 1.0 100 11.8

1.25 2.7 90 7.2

2.5 2.6 100 7.6

5.0 2.8 100 12.4

10.0 2.6 100 11.2

20.0 2.0 88 14.0

Table 3. Shoot formation in Murashige and Skoog's (MS)
and in Vacin and Went's (VW) mineral formulation 
supplemented with 15% coconut water, 5 ppm BA 
and 2% dextrose.

:Npt,of sjtoot/culture: % shoot formation
Treatment : m . * . Min . Max _ Ave . ,, : Low : None , - . : 1-3 :

Moderate :
3-5 :

Profuse
>5

MS 1 13 2.93 19 53 16 12
VW 1 16 4.32 28 35 7 31
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Table 4a. Growth in Kurashige and Skoog's (MS) and 
White's (W) salt formulation supplemented 
with coconut water and BA. (Type of 
explant: developed shoots).

Treatment— ^
:No. of shoot/culture: 4 shoot formation
* Min* Max*. Ave [ None * Low :Moderate : 

1-3 : 3-5 :
Profuse

?5

MS4D a 1 7 2.6 ,38 50 12
b 1 5 3.0 - 60 40 -

MS2D a 1 6 4.5 14 43 43
b 1 8 5.0 - 50 - 50

W4D a 1 2 1.5 100
b 1 3 1.75 43 57 - -

1/ a - explants obtained from big shoots; 
b - explants from small shoots

4D - 4% dextrose 2D - 2% dextrose

Table 4b. Growth in Murashige and Skoog's and White's 
salt formulation supplemented with coconut 
water and BA. (Type of explant: bud).

No. of shoot/culture: % shoot formation
Treatment***^ : Min] Max] Ave * None* Low

1-3
:Moderate 
: 3-5

: Profuse 
: ?*5

MS4D ''a 1 12 4.6 14 57 29
b 1 8 4.0 12 50 - 38

MS2D a 1 15 8.0 17 — 17 66
b 1 13 6.1 - 40 20 40

W4D a 1 6 3.3 57 29 14
b 1 3 1.4 * 100 -* -

1/ a - b i g  bud 
2D - 2% dextrose

b - small bud 
4D - 4% dextrose
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Table 5. Effect of concentration of dextrose.

%
Dextrose

:No. of shoot/culture: % shoot formation
[ Min * Max ] Ave [ None* Low : 

. 1-3 ;
Moderate : 

3-5 :
Profuse
^ 5

0 1 1 1.0 10 90 - -

1 1 5 2.0 " 86 14 -

2 1 20 4.C - 59 18 24

4 1 7 3.1 - 67 - - 33

Table 6. Growth in culture of banana shoot tip
explants taken from irradiated suckers.

Percent Growine
Dosage (Kr) 1 ^ ; n-i' ; ui-/

0 (TC) 100 100 56

0 (Hla) - 100 -

2.5 100 67.7 57

5.0 80 50 29

10.0 37.5 25 57

20.0 0 0 0

1/ Cultured in Murashige and Skoog's medium 
supplemented with 15% coconut water and 
10 ppm, kinetin.

2/ Cultured in Murashige and Skoog's medium 
supplemented with 25% coconut water and
1.25 ppm NAA and 2.5 ppm kinetin.

TC - Materials were left in the lab.

Mia - Materials were brought to Manila-
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Table 7a. Summary of results of various irradiation trials on 
(a) % surival and (b) shoot formation.

Dosage
Kr

! *7 : *8 : *10 ! *6 ! *9 *11
: a : b : a : b : a : b : a : b : a : b a : b

0 100 84 89 72 87 60 83 83 67 67 76 83

1.0 79 46 94 67 82 82 56 56 - - 94 94

2.0 58 42 93 68 56 44 67 67 - - -

2.5 - - - - - - - - 85 85 - -

4.0 - - - - - - 33 0 - - - -

5.0 32 29



Table 7b. Responses of explants obtained from 
irradiated banana suckers (var. 
"lacatan") grown in Hurashige and 
Skoog's supplemented with 5 ppm 
benzyladenine and 15% coconut water.

Dosage
No. of shoot/ 

culture % shcot formation
Kr Min * Max [ Ave None ] Low : Moderate : Profuse 

1-3 : 3-5 : ? 5

0 1 5 2.8 17 67 17

1 1 6 2.4 44 44 - 11

2 1 5 2.3 50 33 17

4 - 0 0 -

Table 7c. Response of explants obtained from
irradiated banana suckers (var. "lacatan") 
grown in Murashige and Skoog's supplemented 
with 5 ppm benzyladenine and 15% coconut 
water.

Dosage
: No. of shoot/ 
: culture . % shoot formation

Kr ! Min J Max * Ave j None : Low : Moderate : Profuse 
: 1-3 : 3-5 : >5

0 1 4 1.3 16 80 4

1 1 2 1.2 50 50

2 1 3 1.4 58 42

Table 8. Effect of "re irradia tion" on subcultures^

Dosage
: No. of shoot/ : 

culture : % shoot formation
Kr ] Min * Max [ Ave] None ] Low : 

1-3 :
Moderate : Profuse 

3-5 : >5

0 1 9 3.7 18 46 18 18

2 1 14 2.9 7 56 16 21

1/ Source of explants are normal looking shoots 
from irradiated and control cultures.
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Table 9a. Occurrence of "abnormalities" in reirradiated 
culturesl/.

Dosage
:% culture w/:% chlorotic 
:abnormal bud: culture % partially 

chlorotic 
culture

% of culture 
w/ abnormal 
leafblade(Kr) : : Min : with : w/o 

: . i_3 . : shoot

0 93 7 - - 11 64

2 80 20 4 2 9 39

iy Bxplants came from normal looking seedlings regenerated 
from irradiated tissues (var. Lacatan). Media used 
was MS / 3ppm BA ^,15% c&coaut water.

Table 9b. Frequency of occurrence of some "abnormalities" 
in reirradiated cultures 1/.

Dosage
% culture with 
abnormal buds

:% chlorotic 
: culture Partially 

. chlorotic 
J culture

Nö. of cul
ture with abnor

(Kr) n : . .. - Kax None . Min . ^ : with : w/o 
:shoot : shoot

mal leaf
blade

0 91 3 6 3 - 6

2 65 31 4 - 4 37

1/ Majority of the explants came from seedlings
regenerated from unirradiated tissues. Few came 
from same source as in 9a.
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Fig. 1. Intact banana suckers.

Fig. 2. Trimmed suckers ready for irradiation.
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Fig. 3a. Banana explants for the Initial 
culture.

Fig. 3b. Banana explants for sub-cultures.



Fig. 4. Sub-cultures showing profuse regene
ration of seedlings and/or buds.

Fig. 5- A sub-culture dissected to show the 
total number of regenerated shoots 
and buds.
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Mg. 6 . A sub-culture dissected to show the 
total number of regenerated shoots and buds.

'  , . . . . .

Fig. 7. A sub-culture dissected to shoe the 
total number of regenerated buds.
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Fig. 8 . Comparison of growth in two kinds 
of salt formulations.

Fig. 9. Effect of Irradiation on tissues 
during the initial culture. Note 
the presence of chlorotic shoots and 
buds as well as the greater prolife
ration in irradiated cultures.
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Fig. 10a. Close-up to show white 
bud in an irradiated culture,

Fig. 10B. Close-up to show chlorotic buds.
(1 ) from tissue irradiated with 2 kr 
in initial culture, (2 ) from explant 
irradiated with 1  kr only at sub-culture.
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Fig. 10c. Shoots showing variation in pig
mentation (1 ) control, ( 2  and 3 ) irra
diated with 1 kr. Note the dark green 
(2 ) and chlorotic (3 ) appearance.

Fig. 11. Plantlets from irradiated (left) 
and non-irradiated (Tight) cultures.
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Fig. 12. Plantlets from control culture (1 )
and cultures irradiated with 2 kr ( 2  and 3 )

Fig. 13. Sub-cultures of coconut tissues 
showing nodular proliferations. 
Middle - initial size.



Fig. 14. Sub-cultures of coconut tissues of 
the smooth, spongy type.

Fig. 15. Shoot primordla-llke structure from
a sub-culture showing nodular proliferations.
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Fig. 1 6 . Sub-culture showing shoot differentiation.

Fig. 17. Anatomical section of tissue showing 
the smooth, spongy type of growth.
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