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Abstract 

   
     Since 1993, several organic banana production models and strategies have been 
established at EARTH University in Costa Rica in order to provide experience for 
its academic program as well as its commercial operations. The experience 
includes work on the management of black sigatoka disease (Mycosphaerella 
fijiensis) and the burrowing nematode (Radopholus similis), the use of bokashi as 
an organic soil amendment, the use of different varieties, etc. The strategies 
include the use of effective microorganisms as a major component of the 
experience which has shown its contributions in both the organic regimen and the 
transition to organic models, enabling the control of black sigatoka fungus 
(Mycosphaerella fijiensis) and the burrowing nematodes (Radopholus similis). An 
understanding of the nutritional needs of organic bananas has also been made 
clearer. 
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Introduction 
 
Several pesticides used by the banana industry to control diseases such as black sigatoka (Mycosphaerella 
fijiensis)  and the toppling-over disease (Radopholus similis) continue to pose environmental problems and 
are also the most costly operations in banana production. Thus, strategies that allow the reintroduction of 
microbial biodiversity into the soil and the environment in general in order to lessen the impact and costs 
have motivated our work on bananas using effective microorganisms (EM). 
 
EARTH University is located in the “banana belt” of Costa Rica and it has its own commercial operations 
of 350 hectares. By virtue of its mission towards the development of sustainable agriculture, it has therefore 
embarked on research  activities towards sustainable banana production. Several models have been 
established either as research areas and as demonstration plots. This  paper reports some of these 
experiences. 
While several plots, some as student research projects, were established for some experiments, a number of 
other experiential research activities were carried out on our 300 ha commercial banana farm. 
The following data were collected since 1993. These experiences have enabled us to construct some new 
banana production/management models which we highlight hereunder.  
 

Materials and Methods 
 

While several plots, some as student research projects, were established for some experiments, a number of 
other experimental research activities were carried out on  our 300 ha commercial banana farm.  The 
following data were collected since 1993. We also collected data from other commercial farms and we call 
these experiential activities. The data were collected as part of the regular monitoring activities of these 
farms. 
 
The data on black sigatoka disease are based on the Stover (1987) modified by Gauhl (l992) system which 
counts the characteristic elongated streaks on the leaves per unit area and are recorded on the basis of less 
than 5% or more than 5% at the time of floral boud appearance and later at 10 weeks  from bud appearance 
of just a few weeks to harvest. Severity is based on an index that rates infection beyond 5% on different 
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stages of the plants and summing them up to give a total severity rating. Data are on a weekly basis 
indicated from weeks 1 to 52 of the year. 
 
The data on Radopholus similis nematodes are based on microscopic counts per 100 grams of roots in 
samples about 30 cm from the base of the follower-sucker plant and about 30 cm depth of the soil. 
 
Data on varieties were obtained from the planting of the same ages, but we report only the data from the 
Highgate variety which gave better results. These are the indicative data based on commercial parameters 
taken at the packing house. 
 

Results and Discussion 
 
Field experiences on Black Sigatoka (Mycospherella fijiensis). 
From what we reported the 1998 IFOAM Conference in Argentina, we now have a commercial field 
experience on the management of black sigatoka under a transitional strategy. Results indicate that when 
EM is applied in the environment (Kopemaz Farm), there is a net gain of 1.0 -1.5 leaves at harvest time 
(Fig. 1) and a reduction in the severity of infection (Fig. 2) of Black Sigatoka (Mycosphaerella fijiensis). 
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Figure 1. Total number of uninfected leaves at flower-bud appearance and at harvest time 
(period from 1998 to 2002), between a farm in transition (with EM treatment, in bold/green 
line) and two adjacent conventional farms (without EM treatment, in blue and violet simple 
lines) 
 

EM lixiviates were applied about weeks 31-41 and the response began to appear on week 60 when it was 
observed by the field workers that the disease was virtually minimal on the leaves. This meant a net gain of 
1 – 1.5 leaves which also translates into a net gain of 1.5 – 2.0 kg. of harvestable banana fruits totaling 
some 3,000 to 4,000 kg. or about 200 exportable boxes per hectare per year. This field experience has 
allowed a farmer to reduce his chemical sprays by having them spaced further apart, without any reduction 
in number of leaves (9-11at harvest and 13-15 at bud appearance).  In 1998 we reported that for the organic 
regimen, 9.0 leaves were obtained at bud appearance in the organic regimen with EM applications, which 
was 3 more leaves than those from the control (no applications of any kind) . This time, with a transitional  
bananas (chemicals + EM) we have 12-13 leaves, and this is 1.0 – 1.5 leaves more than the conventional 
bananas (with only the chemicals). 
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Figure 2. Severity of black sigatoka in the farm with the EM Regimen and in the two adjacent farms 
(continuous lines represent the number of leaves with less than 5% infeccion at bud shooting; lower 
discontinuous yellow lines, 5% infection at 10 weeks from shooting, indicating a severe damage).  
 
As can be seen, the Kopemaz farm (with EM) had less instability. The number of leaves never went below 
12. In the adjacent farms (Probana and Venecia Farms) number of leaves went down to 11. In the Kopemaz 
Farm, after week 41 when EM was applied all over, there were only 45 days when leaves at harvest were 
less than leaves at shooting time, whereas, with Probana and Venecia Farms there were 60 and 75 days, 
respectively, indicating much less severity with the Kopemaz Farm, and much more in the other farms. 
 
Field experiences the toppling-over disease (Radopholus similis), soil biodiversity and root health 
 
From what we reported in the 1997 Nature Farming Conference in Thailand and also the 1998 IFOAM 
Conference in Argentina, we now have additional field experience on the management of nematodes. The  
population of Radopholus nematode is reduced when organic matter is applied at rates of about 20 tons per 
hectare (Fig. 2). Root biomass increases and percentage of infection is reduced. The effect is sustained over 
time for more than one year. The data for Figure 2 were obtained three years after the application of 
organic matter.   
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We reported in 1998 that the nematodes are suppressed in numbers to very negligible counts just two 
months after the application, and that the suppression held firm for as long as nine months. This time we 
have this experience of suppression for as long as three years. 

 

able 1 and Figure 3. Percentage of functional roots and number of Radopholus similis obtained per 

he blocks with none or very few Radopholus are the blocks with initial organic matter application and 

here is an on-going debate over a nematode root infection/phytotoxicity complex. It is believed that root 

e analyzed the soils without Bokashi and Fe, Mn and Zn were about twice higher (Table 2). Inversely, 

able 2. Soil analysis  of organic vrs conventional banana production systems 

 
T
              100 g. of roots, EARTH Commercial Banana Farm,  February 2002. 
 
T
then sprayed with EM. This was later applied with Bokashi after the plants were established.Wile the data 
presented was taken in February 2002 the applications were done in 1998. 
 
T
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infection is partly due to Fe, Mn and Zn phytotoxicity. This phytotoxicity probably triggers the infection of 
nematodes and therefore there is an initial condition that favors nematode attack. 
 
W
there is higher Potassium, Nitrogen and Phosphorus on the soils where Bokashi had been applied. 
 
T

 

Organic 5.91 0.37 16.17 0.56 4.83 2.21 41.80 9.82 5.96 114.64 5.63 5.78 0.13 9.94
Conventional 5.50 0.33 24.91 0.18 4.99 1.92 35.16 13.73 31.11 195.91 9.76 6.36 0.06 10.94

ProductionSystems Cmol+/Kg PPM %
pH Ext. Ac. CIC K  Ca Mg P Cu Zn Fe Mn C N MO
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Organic matter notably complexes with Iron and where organic matter is high, Iron binding and 
immobilization is high (Schertmann, et al, 1986) to form iron oxides with the orgnaic matter. 
 
Experience on yields of the Highgate, Valery, Yangambi and Grand Naine varieties under an Organic 
Agroforestry System 
 
The Highgate variety was discovered only after the Valery variety was popularized because the latter was 
resistant to the Panama Wilt disease (Fusarium oxysporum f. sp. cubense) whereas Highgate was known as 
susceptible to Panama Wilt disease. Nonetheless offers some very special qualities.  
 
As a mutant of Gross Michel, the fruits of highgate are just as good as the original Gross Michel, much 
sweeter than the Cavendish varieties. Highgate is also more precocious that the original Gross Michel, 
bearing at 11-13 months from planting. We planted the Highgate under a system of a secondary growth 
forest where the underbrush was cleared and  this allowed some40% sunshine to penetrate the forest floor. 
Yield results were outstanding as can be seen from the following figures (Table 3). 
 
Table 3. Average yield results of the harvest from an organic system using the Highgate variety 
under an Agroforestry System. 
 

Measurement Basis  
Number of hands of full raceme 12.66 
Average caliper grade (thickness of fruits) 40.28 banana caliper index 
Average Length of fingers in inches (cm) 9.14 inches (23.3 cm) 
Average Number of fingers per hand 18.3 
Average weight of fruits  43.90 Kg. 
Average weight of fruits for packing 29.42 Kg. 
Average weight of fruits rejected  4.96 Kg. 
Average weight of rachis  4.55 Kg. 

 
Equivalent Ratio at Packing (Raceme Per Box) 1.56 boxes per raceme 

 
The above figures translate to a very high quality fruits and a rated yield of about 2,325 boxes per hectare 
per year, indeed a very respectable yield. The size of the racemes are big because Black Sigatoka which 
attacks the variety, was not severe. In fact at harvest time some plants still had 12 leaves and the least 
number was 9 leaves.  
 
The sizes and lengths of the fingers were definitely of excellent export quality sizes and lengths. Much of 
the rejects were based on bruises due to field growing conditions and the 16.6 % reject is considered 
normal under these conditions. Thus, a ratio of 1.5 has been obtained, indeed quite high, much more than 
normal. 
 
Under the same Agroforestry System, we also grew varieties Valery, Yangambi and Grand Naine. The 
results from Valery come close  to the Highgate variety, but we had very few samples to make valid 
comparisons. The Grand Naine variety was not as vigorous and did not compare well to  those of the 
Highgate variety. This may mean a change in strategies for these varieties, to give good ratings it harvests. 
The Yangambi variety proved resistant to black sigatoka disease, but, the fruits remained very small and 
the fingers were not comparable to those of  Grand Naine. 
 
 
Bokashi and its impact on yields and costs  in commercial operations 
 
We also reported during the IFOAM 1998 Conference in Argentina that the cost of Bokashi was the highest 
cost item and that its improvement was key to lowering the costs of the bananas. We now report that the 
cost of the bokashi (approximately 20 tons) of $4,500 per ha/crop can come to almost half due to 
efficiencies in the production and in the distribution system.  While there are still more strategies to make 
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bokashi cheaper, the present improvements make the cost of organic bananas already come quite close to 
that of the conventional crop. This was rated previously as 45% higher and may now dip to only 14% 
higher (Table 4). 
 
Table 4. Field costs of US$ of producing (up to cutting of bunches) of exportable bananas, based on a 
5-year project from conventional and in transition to organic bananas (as of 1998 estimates) and 
using cheaper bokashi ( as of 2001). 
 

Production system         Field Costs 
     (up to bunch harvest) 

Number 
of  boxes 

Field  cost 
per   box 

Conventional  
Transitional (old figure) 
 
Transitional (new figure) 

$ 22, 278.70 
$ 34, 193.28 

 
$ 27,193.28 

    9,680.00 
  10,412.20 
 
  10,412.20 

$2.30 
$3.28 

 
          $2.61 

 
The new strategies could include programs of rotation and green  manuring with nitrogen fixers to build up 
nitrogen into the soil, the application of organic matter direct to the soils and spraying with EM just before 
mixing with the soil, a slightly higher density planting program,  and of course a change in varieties. 
 

Conclusions 
 
Recent experiences obtained in new researches and commercial activities related to organic and transitional 
bananas point to continued decrease in costs of production. After some 9 years of work, we have now seen 
the potential of EM and Bokashi as tools for reducing disease-causing nematodes, reducing the black 
sigatoka disease problem, and improving the quality of the fruits to make them competitive to the 
conventional bananas. 
 
There are still other areas for improvements such as in the use of varieties that can be more resistant to the 
main diseases; cultural practices such as soil amendments, crop rotation, green-manuring with nitrogen-
fixing associations,  and population density management. All these can make organic bananas become 
competitive in cost to conventional bananas. These might mean more labor in the field or in the farm 
facilities, but, this in fact may also be quite welcome in some countries wanting to provide more 
employment for its people. 
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