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Some 7,000 plantlets were produced in vitro from six plantain cultivars 
(Enano Común, Congo Enano, Marieongo, Congo, Clone 12 and Clone 7), 
and from three banana cultivare (Grand Nain, Valerie and Ziv) by supple
menting Murashige and Skoog (MS) basal medium with 0.5 mg/L kinetin 
and 0.5 mg/L 6-benzylamino purine. Calli were induced by supplementing 
the MS basal medium with 0.05 mg/L 2,4-D, 0.1 mg/L NAA, 0.5 mg/L BA, 
15% coconut water and 20 mg/L ascorbic acid (filter sterilized). Data ob
ra ined from a replicated field trial at the Corozal Substation with the 
above-mentioned plantain cultivars indicated that the bunch weight from 
plantain cultivar Congo Enano, regenerated from axillary meristem with 
in vitro culture, was significantly greater than that from plantains derived 
from conventional suckers in the plant crop (P — 0.1). Similarly, the indi
vidual fruit weight from Congo Enano derived from meristem culture was 
significantly greater than that from plantains derived from the conven
tional planting materials (P = 0.5). 

RESUMEN 

Propagación in vitro del platanero y el bananero en Puerto Rico 

Alrededor de 7,000 plántulas de plátano de 6 cultivares (Enano común, 
Congo enano, Maricongo, Congo, Clon 12 y Clon 7) se obtuvieron por 
cultivo de tejidos, suplementando el medio basal de Murashige & Skoog 
(MS) con cinetina (KIN) 0.5 mg./l. y benzilaminopurina (BA) 0.5 mg./l. Se 
obtuvo la inducción de callo suplementando el medio basal de MS con 
ácido 2,4-diclorofenoxiacético (2,4-D) 0.05 mg. / l . , ácido naftalenoacético 
(NAA) 0.1 mg./l. benzilaminopurina (BA) 0.5 mg./l., agua de coco 15% 
(v/v) ácido ascórbico (filtrado por esterilización) 20 mg./l. 

Los datos obtenidos del experimento de campo realizado en la Subesta
ción de Corozal, con las variedades de plátano arriba mencionadas, indica
ron que el peso del racimo de la cultivar Congo enano propagado por 
cultivo de tejidos fue significativamente (P = 0.1) mayor que el del racimo 
propagado por el método corriente. SÍ mi lar mente, el peso de las frutas 
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individuales del Congo enano provenientes de plátanos propagados por 
tejido meristemático fue significativamente mayor ( P = 0.5) que ef de 
los que provenían del método corriente. 

INTRODUCTION 

Plantains (Musa acuminata x M. balbisiana, AAB and ABB groups) 
and banana (M. acuminata AAA) are major food staples in Puerto Rico, 
Central America, the Caribbean Basin and elsewhere in the tropics. The 
value of plantain production alone in this region has surpassed $600 mil
lion annually (8). In Central America and the Dominican Republic, plan
tains are grown by small farmers using low-level technology. In Puerto 
Rico, plantains are also grown by small farmers of the mountain region 
because they adapt well to uplands, marginal soil, and minimum tillage. 
In 1986, the farm value of the crop reached $35 million, representing 
5.6% of the gross agricultural income of the island (1). The recent expan
sion of a plantain processing plant in Puerto Rico has increased expecta
tions for new employment in rural areas, and increased the industry 
capacity for plantain export. 

Plantains and bananas are normally propagated vegetatively with 
suckers. Low ratoon productivity of plantains is commonplace in Puerto 
Rico. Nematodes (Radopholus simiUs) and corm weevil (Cosmopolites 
sordidus) are thought to be causes of the ratoon deterioration (14,15,17). 
The need for producing pathogen-free foundation stocks has recently 
stimulated interest in the production of plantain and banana via meristem 
culture. Several investigators (2,3,4,5,9,10,11,12,16) have reported rapid 
clonal multiplication techniques for plantains and bananas. Herein de
scribed are in vitro propagation procedures utilizing axillary meristem 
tips, and statistical evaluations of bunch weight, individual fruit weight, 
and height of plants obtained from plantains regenerated from tissue 
culture, together with those derived from conventional planting material. 
Field observations on growth of semi-commercial field plantings of 
banana plants derived from in vitro axillary meristem culture were also 
performed. 

MATERIALS AND METHODS 

Shoot tips of six plantain cultivars (Enano Común, Congo Enano, 
Maricongo, Congo, Clone 12 and Clone 7) and three banana cultivars 
(Grand Nam, Valerie and Ziv) were isolated by removing the sheathing 
leaf bases which make up the pseudo-stem, i.e., the vegetative growth 
above ground. The isolated shoot tips were surface-sterilized for 15 mi
nutes in 10% Clorox and rinsed three times with sterile distilled water. 
The sterile shoot tips were then transferred to the modified culture media 
of Murashige and Skoog (13), and of Gamborg B5 (6), for callus induction 
and shoot proliferation. In addition, the following combinations of hor
mones and cytokinins were used: (a) MS basal medium (13) + 0.5 mg/L 
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2,4-D + 0.5 mg/L NAA + 0.5 mg/L BA + 0.5 mg/L folic acid (PMC2); 
(b) MS basal medium + 0.5 mg/L 2,4-D + 1 mg/L NAA + 0.5 mg/L BA 
+ 0.5 mg/L folic acid (PMC¡¡); (c) MS basal medium + 0.1 mg/L 2,4-D 
+ 0.1 mg/L NAA + 0.5 mg/L BA + 400 mg/L casein hydrolysate + 
15% coconut water (PMC4); and (d) MS basal medium + 0.05 mg/L 2,4-D 
+ 0.1 mg/L NAA + 0.5 mg/L BA + 20 mg/L ascorbic acid (filter 
sterilized) + 15% coconut water (PMC5). 

For the field study on productivity by meristem-cultured plants, two 
sources of planting material were used: plants regenerated from axillary 
meristem by in vitro culture, and conventional suckers. Twenty-four 
plantlets from meristem culture were secured for each of the six plantain 
cultivars. Similarly, 24 suckers from each cultivar were planted. These 
plantlets and suckers were established in a field experiment with a ran
domized block design with four replications. Each plot received six plant-
lets or suckers planted separately. Plot size was approximately 25' X 
20'. The experiment for the plant crop was established 17 May 1983 and 
harvested 1 June 1984, 13 months after planting. The ratoon crop with 
16.5 months growth was harvested 14 October 1985. 

Nematicide (Furadantm)> was applied at the rate of 28 g/plant every 
four months, both in the plant and ratoon crops. Fertilizer, in a 10-5-30 
formulation, was applied five times (140-450 g/plant) in the plant crop 
and four times (280-450 g/plant) in the first ratoon. Fungicide 
(Chlorothalonil) (Bravo-500) was administered as an aqueous spray solu
tion at the rate of 1.8 kg/ha every four months in both the plant and 
ratoon crops. 

Some 3,000 plantlets obtained from in vitro axillary meristem culture 
of bananas (Grand Nain and Valerie) were planted in the fields at the 
Corozal Substation. Because banana suckers for direct comparison were 
lacking, the plantlets were established on a nonexperimental scale for 
field observations. 

RESULTS 

Some 7,000 plantlets were produced in vitro from the six plantain and 
the three banana cultivare (Pig. 1). Calli were induced by supplementing 
the MS basal medium (13) with 0.05 mg/L 2,4-D, 01 mg/L NAA, 0.5 mg/L 
BA, 15% coconut water and 20 mg/L ascorbic acid filter sterilized (Fig. 
2). 

Plant crop data from the field trial indicate that bunches from meris
tem-cultured plantains (cv. Enano Común) were significantly heavier 
than those from the non-meristem cultured (table 1.) Similarly, the indi
vidual fruit weight from Enano Común was significantly greater than 
that of individual fruit from the non-meristem culture (P = 0.5). The in 
vitro cultured plantains appeared to grow faster than those from suckers 
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FIG.1.—Growth of plantains (clone 12) derived from meristem culture. A-in Murashige 
and Skoog's basal medium supplemented with 0.5 mg/L BA and 0.5 mg/L Kinetin. B and 
C, in hardening stage in the greenhouse. D-in a replicated field trial at the Corozal Sub
station. 
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FIG. 2.—Plantain calli induced in the Murashige and Skoog basal medium supplemented 
with 0.05 mg/L 2,4-D, 0.1 mg/L NAA and 0.5 mg/L BA. 

(table 2). Other plantain cultivara produced plantlets with normal bunch-
and fruit-yield potentials. 

Reductions occurred for bunch weight in the first ratoon crop. These 
reductions ranged from 34.1% (cultivar Congo Enano) to 61.6% (cultivar 
Congo). The Congo were derived from meristem culture (table 3). Simi
larly, the reduction in bunch weight in the first ratoon from that in the 
plant crop ranged from 7.6% for cultivar Congo Enano to 49.3% for cul
tivar Congo derived from conventional suckers. 

Field growth observations of the semi-commercial plantings of banana 
plantlets indicated that only about 4% of the plants were off-type. The 
remainder produced vigorous growth with uniform fruit settings. 

DISCUSSION 

The data indicate that plantain and banana cultivara can be propa
gated in vitro by supplementing the Murashige and Skoog basal medium 
with low concentration of cytokinin and hormones, in accordance with 
Banergee and Langhe (2), and with Ma and Shii (12,13). In addition, the 



TABLE 1.—Bunch weight, fruit weight and fruit number of plantains derived by meristem culture and by conventional vegetative propagation 

Cultivar 

Enano Común 
Congo Enano 

Maricongo 
Congo 
Clone 12 (Maricongo) 
Clone 7 (Maricongo) 

Weight of bunch (kg) 

Meristem 

15.5 

19.7 
18.0 
22.7 

16.8 
17.4 

Non-meristem1 

13.4 

11.3 

—> 
20.1 

— 
13.6 

increase 

15.8 
72.9**i 

— 
11.8 

— 
26.6 

Weight of fruit (kg) 

Meristem 

0.31 

0.20 
0.21 
0.26 
0,30 

0.35 

Non-meristem 

0.30 
0.12 

— 
0.25 

— 
0.29 

increase 

1.4 
70.3»< 

— 
1.7 

— 
2.0 

Number of fruit 

Meristem 

48.6 

98.5 
85.2 
89.1 
54.2 
50.2 

Non-meristem 

43.2 

96.5 

— 
79.7 

— 
48.0 

increase 

1.25 

0.25 

— 
1.17 

— 
0.45 

£ 
C 

^ 
> 

I 
'Propagated from suckers using the traditional procedures. 
2Plants were harvested for seed purposes. Complete data not available. 
difference significant at the 1% probability level. 
"Difference significant at the 5% probability level. 
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TABLE 2.—Height of plantain plants derived by meristem culture and from suckers with 
traditional i 

Height of plants (cm), from -

Cultivar Meristem Suckers 

Enano Común 275.41 239.9 
Congo Enano 256.1 227.1 
Maricongo 345.16 333.5 
Congo 346.4 327.7 
Clone 12 349.1 342.5 
Clone 7 356.7 334.2 

'Average of 24 plants. Data were recorded June 1, 1984, 13 months after planting. 

culture medium developed in this study is capable of producing a large 
number of plantlets from axillary meristem using in vitro culture in a 
short period of time (three to four months) without contamination and 
oxidation problems. 

Cronauer and Krikorian (5) observed in 1983 somatic embryos from 
cultured tissues of triploid plantains. In our work, we induced and regen
erated calli in plantains by supplementing the MS basal medium (13) with 
low concentrations of 2,4-D and NAA. 

Hwang et al. (7) demonstrated that banana plantlets derived from 
meristem culture could be used successfully for commercial cultivation in 
Taiwan. Similarly, field observations on growth of meristem-cultured 
bananas showed vigorous growth and uniform fruit settings. For one 
plantain cultivar, Congo Enano, plantlets yielded significantly greater 
bunch weight than conventional planting materials in the plant crop. 
Although the increase was not significant in the first-ratoon crop, produc
tion from plantlets in general remained better or equal to those derived 
from vegetative suckers. It is possible that other cultivars were less 

TABLE 3.—Bunch-weight reduction in the plantain first-ratoon crop, AES-UPR Corozal 
Substation 

Cultivar 

Enano Común 
Congo Enano 
Maricongo 
Congo 
Clone 12 (Maricongo) 
Clone 7 (Maricongo) 

Meristem-cultured 

Plant crop 

15.6 
19.7 
18.0 
22.7 
16.8 
17.4 

lstratoon 

9.54 
12.73 
9.58 
8.64 
8.64 

10.75 

Weight of bunch (kg) 

reduction 

37.6 
34.1 
45.3 
61.6 
48.1 
37.1 

Non-meristem culture 

Plant crop 

13.4 
11.3 

— 20.1 

— 
13.6 

1st ratoon 

11.2 
10.3 
8.0 

10.0 
8.04 
7.56 

reduction 

38.6 
7.6 

— 49.3 

— 
44.0 
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affected by nematodes, viruses and diseases. Therefore, their increases 
in bunch weight in response to the meristem culture were not significant. 

"Plantain decline" is local terminology for severe loss of productivity 
in ratoon crops planted with suckers. It is not known with planting ma
terials derived from axillary meristem using in vitro culture. This study 
confirmed evidence that plantain plants derived from in vitro axillary 
meristem culture are not exempt from ratoon deterioration. 
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