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INTRODUCTORY SUMMARY

Sigatoka
: > |
Renlate, a new fungicide produced by DuPont, continues to lock most pro-
mising for control of Sigatoka at dosages as low as 4 ozs. per acre. The com-
pound actually blocks reproduction of the fungus.
|
The experiment in Changuinola has shown that o0il alone can be used in
alternate cycles with the maneb-oil-water emulsion system without detrimen
to production. This alternate cycling system has now been applied 1nJa11 D1vi~
sions during the rainy season with considerable savings.

The system of measuring disease incidence on a farm scale develoked in
1967 is now being tested in the various Divisions. Differences between areas
are being found. However, before we can establish standards for level of con-
trol, it is necessary to know what disease levels are injurious to yield and
quality. To answer this, we have a replicated trial in which disease| incidence
is being maintained at two levels with ground spray equipment. One level would
be considered light to "clean" in commercial practice and the other mkdium to
heavy. Quality and production measurements are being made.

Moko

Moko continues to give trouble especially in Honduras. The cosﬂ of "contral
in that Division now exceeds the cost of Sigatoka control.

In December 1968, we received samples of banana rhizome from Farms 63 and
64 in Changuinola showing infection with the B strain of Pseudomoras\solana-
cearum. This is the first report of Moko in the Bocas Division since October
1967, emphasizing the insidious persistence of the organism.

The continued high incidence of Moko in Honduras in comparison to other
Divisions suggested that perhaps we are dealing with a new strain. Isolates
from Farm 3, the most severely-infested farm, showed 2 of the B strain, 22 of
the SFR strain, and 69 isolates of a strain whose colonies are morphologically
distinct from the two former strains. This new strain has also been found in
Higuerito, Santa Rosa, Las Flores, Naranjo Chino, and Copén but not ﬂn other
farms. It is confined presently to the southern end of the Division and may
have originated in Farm 3. It can be insect-transmitted. Field observations
show that this new strain can cause internal widespread vascular discoloration
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of the rhizome without external above-ground symptoms for a considerable period
of time, thus making it potentially very dangerous where machete pruning is
done. | With macana pruning, the vascular tissue is exposed so that cases should

be detected early.
|

Beloran (Fungitex B-100) has been generally adopted for machete disinfec-
tion. Where soil-contaminated tools are used, as in macana pruning and seed
digging, formaldehyde should stili be used since Beloran is not effective
againsf nematodes.

Experiments comparing machete pruning, macana pruning, and kerosene injec-
tion pruning are continuing. The average number of suckers produced per mother
plant using the three methods is 5.0, 3.6, and 3.2, respectively. Cycles can,
therefore, be considerably lengthened using the latter two methods. There have
been no differences in fruit yield. Kerosene pruning appears somewhat cheaper
than macana pruning and has less danger of Moko transmission. Macana pruning,
on the |other hand, offers the advantage of earlier detection of Moko cases but
with the danger of nematode spread. A combination of the two methods will be
tried: | firstly, macana pruning for two or three cycles to detect Moko cases
and reduce suckers; then, kerosene pruning as a cheap maintenance procedure.

Isplations have been made of virulent Moko bacteria from eleven different
species of weeds in banana plantings. Many of these plants were symptomless,
indicating a possible threat of spreading the pathogen when the cleaning opera-
tion is| done by machete.

\
Fruit Spots

A combination of farm sanitation, weekly Dithane spray and prompt bagging
has been successful in fruit spot control. During the year, fungicide coverage
has been significantly improved but there has been a tendency to overspray re-
sulting in unsightly residues on some boxed fruit.

\

The breakdown of the fungicidal activity of Dithane M-L45 residues on the
fruit S‘Weeks after application continues to be the major problem since it per-
mits infection during a few weeks prior to harvest, leading to "latent" spot-
ting thqt shows up at outturn. This was successfully controlled by Dithane
dusting under the bag in the Guatemala Division during an outbreak in July-
August. However, dusting creates some problems that require correction and
addition@l improvements must be made before it can be generally recommended.
Better control of this late infection is expected now that Thylate is cleared
for pre-harvest use on bananas. This fungicide gives equivalent control when
fresh as Dithane and does not break down to the same extent during the period
from application to harvest. Winter bagging also improves control but is not
at preseht considered competitive in cost if used for fruit spot control only,
and does| not give adequate protection when inoculum is abundant and weather
favorablg for spotting.
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Cross-inoculation experiments have shown that Pyricularia oryzae, which
causes blast on rice, will not infect bananas and Pyricularia grisea, the fruit
spot organism, will not affect rice.

Crown and Finger Rots

Further studies with chlorination have shown that whereas Fusarium, Gloeo-
sporium, and most other rotting fungi are killed on short exposure, Botryodiplo-
dia and Deightoniella can survive 2 ppm chlorine for at least 20 minutes. Chlo~
rination will not, therefore, affect rots caused by the latter two organisms.

A most important factor in crown rotting is the method of dehandyng. Where
blunt knives or imprcper pressures are applied leading to damaged tissue cells,
then crown rot incidence is greatly increased. A quick, clean cut with a thin
curved sharp knife is the best method.

In June 1968 Thiabendazole was cleared for post-harvest use on bananas.
It is being marketed as a 40% wettable powder formulation under the name "Mer-
tect 340". The simultaneous application of Thiabendazole and alum in |a spray
just before packing appears to be an effective means of controlling both crown
rot and latex stain. Benlate, a new fungicide, gives even better crown rot
control than Thiabendazole but it is not yet cleared.

Insect Control

An artificial defoliation experiment to determine the effects of| 0, 10, 20,
30, and L40% defoliation on fruit weight and quality was ended in November 1968
after 4 years. A total of 12,528 stems were harvested and examined from 70
plots in San Juan Farm, Honduras. There was a reduction in fruit weight at
all defoliation levels with a significant reduction after 20% defolia;ion.
Fruit from plants defoliated 40% required only 3.2 days more to reach| grade
than fruit from undefoliated plants. There was no premature ripening at any
time from any defoliation level. When high winds passed through the defolia-
tion plots, the greatest losses of plants were in plots with the least defolia-
tion. The effect, for example, of removing 20% of the leaf area is to cut
plant losses in half.

Bagworms continued to plague the southern Divisions in 1968. This defo-
liator presents the most vexing control problems because: 1) Each feqale lays
over 5000 eggs; 2) When the caterpillars are more than half grown, they are
difficult to kill with insecticides; 3) The caterpillars live within a bag
made of silk and leaf pieces; each bag must be opened individually rather
than merely counted in order to determine populations and natural or induced
mortality; 4) The only effective insecticides are Thuricide (Ca. $12/acre)
and ULV Toxaphene (danger of resistance build-up).

Fortunately, natural control agents such as parasitic wasps can reduce
bagworm populations to below economic levels. This year's studies were aimed
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at developing an "integrated control system" where natural control is allowed *c
build up before resorting to insecticides.

The Almirante red rust thrips control program made a major breakthrough wher
two sprays of ULV Toxaphene applied at the rate of 29 fl. oz. each cycle comple-
tely eliminated this pest from VALERY plantilla in Changuinola. This insect has
been the subject of more chemical control experiments than any other banana pest
in the paFt few years. The mealybug, on the other hand, continues to defy at-
tempts to| eliminate it from fruit in the field. The chalcid wasp required con-

trol in Changuinola this year for the first time.

Crop Production

The time taken by ratoon VALERY plants in Honduras from peeping to shocting
at different periods of the year was determined. Plants peeping in May to July
take a longer period to shoot perhaps because flower initiation and bud develop-
ment then |takes place during days of cool temperatures and overcast skies (Decen-
ber to February).

The Eroduction Timing experiment in the Guarumas lost 15-20 percent of the
extra suckers in the various treatments due to blowdowns; nevertheless, suffi-
cient data were collected to indicate that the optimum number of additional
suckers that can be left per acre is about 200. One-hundred and sixty-five
extra boxes per acre were obtained some fourteen months after selection of the
extra suckers. To obtain maximum production in the Spring, selection should be

made in the previous February-March.
\

The plant population experiment in Ceibita after 26 months continues to show
a marked superior production on loam soils compared to the clays with optimal
populations of 500 and 600 on the two soil types.

|
Fruit Protection

Ten different types of winter bag were tested during the 1967-68 winter sea-
son and as |a result, a double-tissue bag was chosen which eliminated the need for
the polyetﬁylene bag with very considerable savings.

Herbicides |

Karmex at the rate of 13 1lbs. per acre has been shown to be the most effi-
cient herbicide for control of broadleaf plants presently available. With reason-
able care, no phytotoxicity results. It can be combined with the routine dalapon
grass control program.

Water Requirements

Fertilizer and spacing experiments have been set up in Palmar and Changuinola
and an intricate irrigation experiment in Mopala, Honduras to determine the opti-
mal water regime for the VALERY banana. During the last quarter of 1967 and early



1968, a sharp decline in boxes per stem occurred in most farms in the Bocas
Division. An analyses of all factors that might be involved in the decline
suggested that sub-optimal drainage was a contributing factor. Root distri-
bution in depth was correlated with water tables and root growth extended
down to four feet where the water table did not on occasion rise above this
level. In areas where drainage wes sufficient to prevent high water tables,
25% or more of the root system was in the 2-4 foot zone. Yields were higher
where root distribution down to four feet was greatest. As a result of the
root studies, improved drainage was introduced with improvement in production
and quality of fruit.

Fruit Scarring

An examination of the scars on fruit at various locations during the har-
vesting and packing operations showed that 64 percent of post-harvest scarring
occurred at the mat at time of harvesting compared with 16 percent during
clustering and selecting and 16 percent during packing. Negligible scarring
occurred on the cableway.

Oxytrol Storage

VALERY bananas can be held in this system with Polypack with holes for 17
days at 5 percent oxygen level free from rots and molds.

Latex Stain Control

Extension of research on agents for latex control led to the discovery
that an alum treatment at relatively low pH was effective in reducing amount
and visibility of latex residues. The technique was developed to a practical
commercial level within the year and treatment has become regular practice in
all Divisions. Data Sheets covering application procedures to be followed at
boxing stations were issued.

Half Mil Polyethylene Pack

This pack was introduced into commercial shipments to Europe in 1967 and
the Spring of 1968 on both VALERY and Turbo Gros Michel fruit. It has been
received with varying response, depending upon destination and prior experi-
ences of customers there with slip-sheet or BANAVAC and the peculiarities of
their particular market. It has proven successful in bearing out original
claims made for it in that crown conditions stay fresher and scarring is less
prominent and moisture loss is lower than slip-sheet packed fruit. In these
areas it provides the benefits of BANAVAC. However, it cannot be expected to
retard ripening to the extent of BANAVAC. Introductions into the U. S. have
been less favorable largely because the trade has objected to the greater
care that needs to be taken in temperature control during ripening and post-
ripening holding than they are accustomed to with slip-sheet fruit.
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\
Neck Injury

| This blemish is of persistent occurrence, being reported at varying leve
in QC reports on fruit from all Divisions. Further studies have been made to
evaluate incidence, severity, location on clusters and the varied causes that
have been suggested. A series of experimental shipments have shown that tran
porF and handling between Tropics and States are major causes for occurrence
neck injury. Severity was observed related primarily to bottom row clusters
which have shifted out of the flat down position to a tips up position. Clus
ters which were in the latter position were noted to have the most severe inj
ries to pedicels (necks).

Breeding - Bananas

During the year, 1563 bunches were pollinated, following a crossing seri
designed to combine meiotic restitution, dwarfing, Moko resistance, nematode
sistance and pitting disease resistance within each of the four important sub
speéific categories: banksii, malaccensis, microcarpa and sumatrana.

An additional accession of Musa acuminata siamea, II-317, was found to b
res%stant to Moko disease.

The Cocos-~Lidi hybrid SH-22, producer of institutional market fruit, sho
a steadily improving yield performance. In the second ratoon crop SH-22 has
reached 89 percent of the yield of VALERY.

Oilseed Trials

' During the year numerous trials were made throughout Central America to
termine the optimum varieties, locations, and planting dates for annual oilse:
crops with particular attention to peanuts and soybeans. Some sunflower vari
ties| were also tested. The Pacific coastal zone of Nicaragua was found to be
the %ost favorable location. The rainfall pattern may permit two planting da
-- the "Primera" crop planted in early May utilizing only short-season (80-90
day) varieties which can be harvested during the short dry season in July-
AuguFt and the more favorable "Postrera” crop planted in September with full
season varieties for December harvest. Chemical weed control will be necessal
and Eptam-Lorox and Eptam-Enide mixtures look promising. Numerous insect pest
and diseases attack these crops and must be controlled.

|

‘We have not yet a suitable early soybean variety for the Primera crop.
the Postrera crop we have varieties which out-yield Improved Pelican by a larg
margin. CES-407 and (Biloxi x Hardee)-109 are the most promising with yields
above 36 bushels per acre. :

Florigiant was found to be the variety of peanut giving the highest yielc
Yields of over 2 tons per acre were obtained. Argentine, Starr, and NC-2 alsc
chowed some promise. Valencia gave lower yields but because of its short-
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growing season is recommended for the Primera crop.

Diseases of Other Crops

During the year, preliminary investigation was made of the following: 1)
Bunch rot of oil palm; 2) "Green stem and pod" of soybeans; 3) Soybean mosaic;
4) Bacterial pustule of soybeans; 5) Leaf spot of peanuts.

The list of diseases can be expected to increase with the expansion of
our New Crop program.

Resistance to rice blast has been tested with numerous rice accessions.
The variety '"Dawn" has been shown to be resistant to blast and the variety
"Nilo 3A" moderately resistant to the race of Pyricularia present in Honduras.
This race has been characterized as Race 13 (U.S. definition) which is the
equivalent of international blast race IB-3. Varieties "Washabo', "Apura",
and "Holland" from Surinam and IR-8, IR-160, and IR-578 from Colombia were
also resistant but only IR-160 was of the desired long-grain type of good
milling quality like Dawn and Nilo 2A.

Rice cannot be grown on our banana soils having high levels of copper
from Bordeaux spray.

Tropical Cut Flowers

A cut flower project for shipping fresh flowers to North America and
Europe was started in 1968. Emphasis at present is on red gingers, heliconias,
and anthuriums. An area of 25 acres in La Mesa Farm (Honduras) was selected
convenient to water (river), railroad, highway, and airport. To date, 5 acres
of red gingers and 6 acres of heliconias are planted. The heliconias are made
up of H. latispatha (both yellow and yellow-red varieties), an Amazonian pen-
dulent type, H. humilis, H. caribaea and others. Shade for one acre of anthu-
riums is being prepared.

Several trial shipments have been made and acceptance seems to be good.
The best temperature for holding of red gingers and heliconias was found to be
around 56° F. The use of 0.5 mil polyethylene bags improved storage. Some
varieties of heliconias held much better than others. Red ginger could be
kept in good condition for 18 days. Wax ginger does not store satisfactorily.

0il Palm Agronomy

The NPK fertilizer experiment in San Alejo has responded to excellent weed
control and yielded during the twelve-month period from October 1967 through
September 1968 an average of 14,900 1lbs. of fresh fruit bunches per acre, the
highest production recorded up to now for palms 6-7 years old in Company plant-
ings. However, even there, some 1.6 percent of the palms in the experimental
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plots have not produced any fruit bunches since recording started in July 1967.
Non-productive palms and bunch rots of productive palms are factors of consider-
able importance to yield and causes are being studied.

Yiel@s in the experimental areas in Quepos are much lower. The Barbural
experiment (5-6 year-old palms) yielded 8,000 lbs. of fresh fruit bunches and
the Llorona experiment (4-5 year-old palms) only 4,630 1bs. fresh fruit bunches
per acre per year. Four percent of the palms were completely non-productive.
Similar ekperiments have been started in Coto.

Folidr analyses have confirmed the overall deficiencies of Nitrogen and
Potassium in Company plantings. Younger palms are quicker to respond to fer-
tilizatioq.

0il Palm Breeding

Duridg the year, 5,689 lbs. of selected Deli dura x Congo tenera improved
0il palm seed was supplied to the San Alejo, Quepos and Coto production areas.
Approximately one~fifth of the seed received pre-germination heat treatment.

A larger heat treatment facility was finished during the year capable of treat-
ing all future seed.

Bunch gquality evaluations of both Deli dura and Congo tenera palms previously
selected for high production began during the year. 1In addition, progeny tests
were plantfd in San Alejo, to further help in identifying elite parental palms.

The most pressing need in breeding material is that of superior pisifera
palms. For this reason, tenera x tenera progenies are being grown out in Coto.
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SIGATOKA

Fungicide Screening - Benlate (DuPont 1991)

Studies were continued with DuPont fungicide 1991 which proved compar-
able or superior to Dithane M-45 in 1967 tests. During 1968 the chemical
structure of 1991 was released: 1-(butylcarbamoyl)-2-benzimidazole carbamic
acid, methyl ester. The wettable powder was given the trade name Benlate
containing 50% of the active ingredient. Studies in the U.S.A. showed Ben-
late had therapeutic and systemic activity and blocked reproduction in the
apple scab fungus when applied to young spots on leaves. Benlate was ap-
plied to yellow and advanced brown streaks of Sigatoka in the field at
rates of 4 and 8 ozs. per acre with 3.5 ml. of surfactant F per 3 gals. of
water. Production of sporodochia, spermagonia, and perithecia was reduced
an average of 75% even when applied at the early stages of spot development.
TBZ (60% Thiabendazole) also reduced fructifications when applied at the
same rates but was not as effective as Benlate. Subsequent field studies
have confirmed that Benlate is effective in blocking reproduction of M.
musicola when applied during the early stages of spot development. This
is the first compound that is non-phytotoxic and capable of reducing asco-
spore and conidia production by M. musicola by directly interfering with
morphogenesis. The implications of this important discovery in the control
program are now being studied.

The systemic activity of Benlate was studied by discharging ascospores
onto the lower leaf surface and applying Benlate fungicide with surfactant
F four, 8, and 12 days later to the upper leaf surface. There was no con-
sistent reduction in spotting incidence or fructifications. This indicates
that Benlate is not readily translocated into the banana leaf from the in-
tact leaf surface and it does not hinder spot development once infection has
taken place. Thus, Benlate cannot replace oil which is effective in inhibit-
ing or slowing the rate of spot development when applied long after infection
has taken place.

Benlate stored for 6 months in a closed polyethylene bag at shed tempe-
ratures from April onward showed a slight reduction in activity when com-
pared with fresh material. Therefore, storage beyond 6 months under tropi-
cal conditions is likely to be deleterious. (STOVER)

Role of 0il in Controlling Sigatoka

Studies on the role of o0il in controlling Sigatoka were completed in
1968. The results can be summarized as follows.
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0il spray reduced germination, germ tube growth and appressoria formation
by spores of Mycosphaerella musicola under field conditions for periods vary-
ing from 2 days to 2 weeks. Inhibition occurred only when spores were on the
same leaf surface to which oil was applied. Appressoria formaticn and germ
tube growth were reduced up to 33 and 25%, respectively. Conidia and asca-
spore production and dissemination were not adversely affected by oil cpray.
However, there were fewer sporodochia and perithecia in spots that were slow
to develop as a result of oil spray. O0il application up to 2 weeks before or
after infection increased the incubation period and the generation time {time
from infection to production of spores), and reduced the number of spots. 0il
was effective in retarding spot development when applied either before streaks
appeared or at the yellow streak stage of disease development. Oil, when ap-
plied during the incubation period or to yellow streaks, caused a variable
amount of reduction in spotting and in only a minority of cases was disease
development stopped completely. Therefore, leaf spot can build up on oil-
sprayed plants when inoculum is abundant and weather favorable. The behaviour
of the pathogen on oil-sprayed susceptible banana plants is similar to that on

partially resistant varieties.

With respect to the control program, these studies indicate that reliance
on streak counts for determining spray cycles offers no particular advantage
over cycling at a predetermined number of days based on weather and spotting
prevalence. Actually, oil is effective in suppressing disease when applied at
any time following infection and this allows a great deal of flexibility in
cycling. This important chemotherapeutic action of oil is the indispensable
ingredient of a successful control program. However, since oil is not trans-
located from one position to another, good coverage is the other essential com-
ponent of successful control. (STOVER, DICKSON)

Alternate Cycling of Maneb-0Oil-Water Emulsion and Oil Alone

Of the 15 spray cycles applied in Guaruma 2 in 1968, 7 were oil. Only 2
cycles of spray were applied at intervals of less than 21 days. Spotting in-
creased in August and 4 cycles of maneb plus oil were applied during August,
September and October, followed by oil alone alternating with maneb-oil-water
emulsion in November and December. No more than 3 cycles of oil alone were
applied consecutively. (STOVER)

In May of 1967 the Research experiment in Farm 24, Bocas Division was
changed to one cycle of oil alone followed by one cycle of maneb-oil-water
emulsion. Results from October 1967 through September 1968 are shown in
Table 1. There are no statistically significant differences between treat-
ments. During this period there was a general falling off in yield in all
plots due mostly to above normal rainfall along with poor drainage. Since
drainage became more deficient and soil texture heavier in the direction of
south to north across the experiment, fruit weights were compared by paired
plots. The data in Figure 1 show the decline and partial recovery in yield.



Effect of Applying Cil Every Second Cycle Versus Continuous

Table 1

Maneb-0il-Water Emulsion Cycles on Fruit Weight and Number of Leaves

No. Leaves at

No. Leaves at

Weight of Stems Shooting Harvest
Maneb Maneb Maneb

Oll Emulsion 0il Emulsion 0il Emulsion
October 1967 97.99 99.38 15.21 15.22 10.31 10.28
November 95.63 97.01 14.92 14.66 9.72 9.47
December 93.70 9k.h1 14,37 14.63 8.97 9.28
January 1968 85.22 83.62 14,24 14.57 8.07 8.43
February 79.34 75 .41 13.93 1h.27 7.98 8.51
March T7.72 78.21 13.23 13.34 7.93 8.09
April 81.42 80.49 13.26 13.47 8.13 8.45
May 83.26 89.10 13.22 13.53 8.11 8.47
June 88.47 90.02 13.49 13.33 8.k4i 8.23
July 79.43 83.64 13.69 13.75 8.72 8.91
August 88.64 88.18 14.30 1444 9.22 9.41
September 89.85 88.78 14.31 14,22 9.18 9.06
October 85.02 83.72 14.69 14.64 9.60 9.54
Period Average 86.59 87.07 14.07 14.16 8.80 8.93
No. stems for
period October 3,261 3,000

1967 to October

1968
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Figure 1
Decline and partial recovery in yield in Farm 24, Bocas,
0il alone versus maneb-oil-water emulsion. 0Qil alone
was applied every other cycle from May 1967. Note posi-
tion effect from Plots 1-2 to 7-8, south to north. Plots
5-8 were more poorly-drained than Plots 1-4.
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There was no significant difference in yield between plots sprayed with oil
alone every other cycle and no oil alone. During the latter part of 1968,
yellow mat and nematode losses increased in the northern half of the experi-
ment. Data collecting was concluded in preparation for fallowing and re-
habilitation. There is no evidence to indicate that alternate cycles of
0il alone cannot be used under Bocas conditions at least during the most
rainy months of the year.

The application of oil alone every third cycle continued throughout the
year in most of the Bocas Division and during the rainy season in Golfito,
Armuelles, Guatemala and Honduras. Some 260,000 cycle acres were sprayed
with oil alone in 1968, resulting in a saving of more than 500,000 lbs. of
UF-63, the most expensive ingredient of Sigatoka spray. Also, this system
of cycling was introduced to Turbo late in the year. (STOVER, DONALDSON,
STEPHENS)

Measuring Sigatoka Incidence

In 1967 control standards were tentatively established for further test-
ing based on the new system of measuring spotting prevalence and intensity
described in the 1967 Annual Report. These standards were: no more than 50%
of leaves younger than 8 with spots and an average age of youngest leaf with
spots between leaf numbers 8 and 9. Data were recorded on medium-sized un-
shot plants. There was no difficulty in maintaining these standards in
Guaruma 2 with 15 cycles of spray per year in 1967 and 1968 with the excep-
tion of brief increases in spotting in excess of the standards between August
and December each year (Figures 2-3).

A comparison of commercial standards between Farm 63, Bocas and San Juan,
Honduras shows that percent of plants with spotting does not exceed 50 (Figure
4); average age of youngest leaf with spots fluctuates between 10 and 13 (Fig-
ures 5-6) and percentage of leaves younger than 8 rarely exceeds 6 (Figure 7).
Spotting prevalence and intensity was greater in San Juan in 1967 than in 1968
as indicated by a greater percentage of leaves with spots (Figure 4), higher
percentage of leaves younger than 8 with spots (Figure 7), and an average age
of leaf with spots mostly between 11 and 10 in 1967 and between 12 and 11 in
1968 (Figures 5-6). Spotting was usually more prevalent in San Juan in both
years than in Farm 63, Changuinola. These curves serve to compare standards
of control among farms and divisions. The low level of disease in Farm 63,
Bocas suggests that a further decline in number of cycles may be warranted.
Cycles applied in Bocas have declined each year from 25.5 in 1962 to 19.5 in
1967, a remarkable 244 reduction.

Standards for Sigatoka Control

A practical method of measuring Sigatoka incidence has made the establish-
ment of control standards feasible. This would prevent the application of
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unnecessary spray cycles when disease incidence is well within the limits es-
tablished and would also indicate when cycles should be shortened. However, in
order to establish control standards, it is necessary to know what disease lev-
els are injurious to yield and quality. It is impossible to eliminate all spot-
ting. Therefore, what is the level of spotting that is non-injurious and re-
sults in the most economic control? To answer this, 20 plots of Grand Nain con-
taining 64 plants per plot were planted in Guarums 2 in 1966. This dwarf vari-
ety was used so ground spray could be easily applied and to reduce losses from
blowdowns. It was planned to maintain 2 different levels of spotting, or a set
of "clean" versus "unclean" plots. Spotting levels were to be controlled by
length of spray cycles applied. Fruit weights, finger lengths, maturation time,
and foliage production were measured. Spraying began in April 1968. A Hardy
sprayer is used to apply spray by hose. One gallon of oil and 1.75 1lb. of UF-63
were applied in 50 gallons of water per acre up to June 18 after which Benlate
fungicide was used at the rate of 8 ozs. per acre with 1 gallon of oil. Coverage
has been excellent and no difficulty has been encountered in maintaining differen
spotting levels. From June onward, cycles of 10-17 days were applied in the
"clean" plots and cycles of 21 to 45 days in the "unclean" plots. Thus, twice
as many cycles have been applied to the "clean" plots. The trends in leaf spot-
ting incidence and intensity are shown in Figures 8-10. These curves show that
Sigatoka incidence, as indicated by percentage of plants with spotting, is dir-
ectly related to number of spray cycles applied. However, the intensity of the
disease, as indicated by average age of leaf with spots and percentage of leaves
spotted less than 8, rises and falls independently of the number of spray cycles
applied. There is no evidence that the spotting levels being maintained in the
"unclean" plots, which are considerably higher than those in commercial use,
have been injurious to fruit yield or quality. However, insufficient stems have
been harvested for a detailed statistical analyses. In the case of average age
of leaf with spots (Figure 9), these fell to the 10 to 12 commercial level
whether or not 14 or 28-day cycles were used. Similarly, percentage of leaves
spotted younger than 8 fell to the commercial level (Figure 10) regardless of
spray cycles. These results indicate that larger scale experiments on spray
cycling are warranted and should be undertaken on a commercial scale. (STOVER,
DICKSON)

Electronic Data Processing in Sigatoka Control

Sigatoka control programs are carried out on more than 100,000 acres of
bananas in 5 different countries. Dozens of variables are involved including
climate, rainfall patterns, cycle lengths, formulations, aircraft, and amount
of spotting present. The only method of monitoring all the variables and to
determine their relationships to cost and control methods is to utilize elec-
tronic data processing. Before this is possible, however, it is essential to
be able to accurately measure spotting incidence since all variables must in
the end be related to the amount of spotting present which in turn would re-
flect the efficiency of control. The development in 1967 of a system of
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Figure 8
Percentage of plants with spotting under 2 different
spray regimes in Grand Nain, Guaruma 1.
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Average age of leaf with spots under 2 different spray
regimes in Grand Nain, Guaruma 1.
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Percentage of leaves spotted younger than 8 under 2 dif-
ferent spray regimes in Grand Nain, Guaruma 1. Regardless
of number of cycles of spray applied, the direction of the
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Experimental Porta-punch cards designed for recording essential data on Siga~
toka control for electronic data processing.
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shorter; and M. minima, a saprophytic co-inhabitant of Sigatoka spots but with-
out an imperfect stage. The black leaf streak Mycosphaerella was not found in
Central American banana leaf spots.

An examination of black leaf streak material from Fiji, Melaysia, and
Taiwan showed the presence of the same perithecia and spermagonia present in
Sigatoka spots. Sporodochia were less common and sometimes absent. In cul-
ture, however, the black leaf streak Mycosphaerella had distinctly different
colonies. Also, the ascospores germinated with strongly curved germ tubes
which soon branched frequently. The fructifications of the black leaf streak
Mycosphaerella are not sufficiently different morphologically from those of M.
musicola to warrant a new species. However, cultural characteristics are dis-
tinct and indicate that black leaf streak is caused by a different strain ef
M. musicola than that which causes Sigatoka spotting. Thus far, this strain
is not present in Central America. (STOVER)
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MOKO

Status of Moko in the Company Divisions

Figure 13 shows Moko incidence in Armuelles, Goltito, Bananera, and Hon-
duras Divisions since 1966. Moko control in 1968 has improved in comparison
to 1967.

Armuelles. This Division has had a history of low Moko incidence until
late 1966 and early 1967 when Moko increased. The control program was then
revised resulting in a decrease in cases. However, during the first half of
1968 there was again an increase. Additional modifications of control prac-
tices in June resulted in a decline in cases.

Golfito. Moko incidence in this Division continues at a low level as
a result of an efficiently executed and well-organized program.

Bocas. In December 1968 Research received samples of banana rhizome
from this Division. The samples were from Lake 13 in Farm 64 and from out-
side Lake 9 in Farm 63. 1Isolations revealed that all samples were infected
with the F strain of Pseudomonas solanacearum. This is the first report of
Moko in the Bocas Division since October 1967.

Bananera. Moko incidence in Bananera declined to a low level in 1968
after a sharp increase in 1967. Prior to this outbreak, pruning had been
changed to the "parcela" system. With this system of pruning it was diffi-
cult to supervise disinfection of machetes. The pattern of Moko cases indi-
cated poor or no tool disinfection on the part of individual "parceleros”.
The parcela system of pruning was abandoned and Moko incidence decreased.
This points out again the importance of tool disinfection in Moko control.
Bananera results show that even the SFR strain can be controlled and disease
incidence maintained at a low level.

Honduras. Since June 1967, when Moko incidence reached 84 cases/1000
acres, there has been a steady downward trend in disease (Figure 13). The
number of cases is still substantially higher than in other divisions. In-
creased efforts are necessary to bring Moko incidence down to the level of
other divisions.

Moko incidence for the four Honduras Districts are presented in Figure
14. Urraco District accounts for a major portion of the reduction in dis-
ease incidence in 1968. 1In other districts Moko incidence has remained rela-
tively steady throughout 1968. The higher incidence in Urraco District
(Figure 14) is attributed to the extremely high Moko incidence in Farm 3 in



NUMBER OF CASES PER 1000 ACRES

-00.

80
70
60
80
40
30
20

10

o

HONDURAS

—————~—- GOLFITO

e+ BANANERA

.............. ARMUELLES

A
= :
e g e P S P,

e~

=--

JFMAMJJASONDJ FMAMJJ ASONDJFMAMYJJASO

1966 19687 1968

FIGURE MOKO INCIDENCE : ARMUELLES, GOLFITO, BANANERA & HONDURAS DIVISIONS

13,



23

30 L

NUMBER OF MOKO CABES /1000 ACRES / WEEK

IN HONDURAZ

DISTRICTS

Figure 1h4

I
L]



ol

comparison to the division average (Figure 15). Farm 3 has accounted for 16.8
percent of the Moko cases found in Honduras during the 1967-1968 period. The
sharp rise in disease incidence noted in October of 1968, after almost one year
of relatively steady decline, can be cited as an example of what can happen
when recommended procedures are not followed. Fifty of the 141 cases for the
month had been previously reported. However, only the infected suckers were
removed instead of destroying the entire plant. Subsequently, Moko re-appeared
in the remaining portion of the mat. (BERG, DONALDSON)

A New Moko Strain

The continued high incidence of Moko in Honduras in comparison to other
divisions during the last two years suggested that perhaps we are dealing with
a new strain which present control procedures cannot keep in check. During
1968 extensive isolations were made for the purpose of strain identification.
Isolates obtained from Farm 3 were studied first because of the extremely high
incidence of Moko which has persisted in this farm. One-hundred and three
isolations made from Farm 3 during the last eight months have revealed 33 SFR,
2 B, and 69 isolates of a strain whose colonies are morphologically distinct
from those of the SFR and B strains, when grown on tetrazolium medium. Colo-
nies of the new strain are reddish in color and tend to be somewhat irregular
because of their extremely fluidal nature. Although colonies of the B strain
are irregular, they are white in color and less fluidal than the new strain.
Colonies of SFR are red but are very round and also less fluidal than the new
strain.

In addition to Farm 3, isolations show that this strain is also present
in Barranco and Bejuco Farms in Higuerito, and in Santa Rosa, Las Flores, Naranjo
Chino, and Copén. Isolations from Moko cases in the other division farms have
not yet revealed this strain. Thus, the infestation of this strain appears to
be localized in the southern half of the division. The high percentage of iso-
lations from Farm 3 yielding this new strain suggests that the new strain ori-
ginated there.

Inoculation of bract scars with this strain results in the production of
bacterial ooze equivalent to that produced by the SFR strain. Thus, the new
strain has the potential of being easily insect-transmitted and accounts for
its relatively widespread occurrence.

When young, potted banana plants (about 2 ft. tall) were inoculated by
injecting 2 ml of a heavy bacterial suspension into the pseudostem, the inocul-
ated plants died within two weeks. Symptoms in the field indicate that this
strain is less invasive in older plants. Field observations show that plants
infected with this strain will sometimes display no above-ground symptoms.
However, when the vascular tissue of the rhizome is exposed, widespread dis-
coloration is evident. The extensiveness of the discoloration indicates that
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the mats have probably been infected for several weeks. Without foliar symp-
toms this| strain can exist in an undetectable, yet infectious condition, making
it potentially very dangerous where machete pruning is done. Fortunately, with
the present trend towards macana pruning, plants infected with this strain
should be detected before above-ground symptoms are apparent. With macana prun-
ing, the vascular tissue of the rhizome is exposed so that internal discolora-
tion can be seen.

When present, external above-ground sucker symptoms are similar to SFR
symptoms. Symptoms displayed by plants bearing fruit are sometimes unusual.
Cases have been seen where symptoms appear only in the fruit. Upon first
glance this appears to be a "fruit case'". However, closer observations show
that this is not the case because the premature ripening and internal discolor-
ation is found on the top hands of the stem, while the lower hands are still
healthy and internal discoloration of the peduncles can be traced back to the
rhizome. | In more advanced cases 1 or 2 center leaves will show burning, but
little or no wilting is present. (BERG)

Disinfectént Trials

Tin-San, Stecker Chemicals, Inc.; Santomerse 85B, Monsanto Company; Tris
Nitro, Commercial Solvent Corp.; and Fungitex B-100, CIBA of U. S. were tested
in the laboratory as disinfectants for tools. In addition, two fungicides
(Benlate from DuPont and TD-5056 from Pennsalt) and a nematocide (Nemagon) were
tested for bactericidal and bacteriostatic properties. Because of low activity
against Pseudomonas solanacearum all chemicals were discarded except the quater-
nary ammonium compound, Fungitex B-100, and Nemegon.

To date, 21 chemicals have been screened (see 1967 Annual Report for screen-
ing techniques). Only Beloran, EA-133 (Formoko), Fungitex B-100, and Nemagon
showed sufficient activity to warrant additional testing in the field.

Machetes were disinfected between mats in 1.0% Beloran (0.5% when based on
active ingredient) for 30 seconds while pruning 755 mats. Every 15 mats, a
pseudostem infected with Moko was cut before disinfecting the machete. Samples
of the disinfectant were taken periodically. Laboratory tests of these samples
showed all were still active. No Moko cases were found in the pruned area dur-
ing a one-year period in which regular Moko surveys were made. This proved the
effectiveness of 1.0% Beloran solutions as a machete disinfectant. In late
January 1968, a farm scale trial of 1.0% Beloran was initiated in Copen. By
periodically taking samples from individual cacharros of machete pruners and
testing them in the laboratory, it has been repeatedly shown that 1.0% Beloran
remains active throughout a complete working day. Even when additional latex
was added to the samples in the laboratory, they were still active against P.
solanacearum with a 30-second exposure time.

These results indicated that there would be no problem with loss of acti-
vity even with an excessive amount of latex in the cacharro. With an initial
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concentration of 1.0% Beloran there appears to be a substantial safety margin.
This brought up the question of how much safety factor is necessary. Can the
initial concentration be lowered and still maintain an ample safety margin?
Repeated tests were carried out in the laboratory to determine the lowest ef-
fective concentration of Beloran with and without letex when P. solanacearum
is exposed for 10, 20, and 30 seconds. The results show that Beloran is ef-
fective at low concentrations even when 10% latex is added and with only 10
seconds exposure (Table 2). Thus, it appeared that an initial concentration
lower than 1.0% would remain effective throughout a complete day's use.

A field experiment was carried out using Beloran concentrations of 1.09%,
0.79%, and 0.504%. 1In addition, compound EA-133, tentatively named Formoko,
was also tested at the same concentrations. The results of the Beloran test
are presented in Table 3. The results show 1.09% and 0.79% Beloran solutions
were effective throughout one working day. The 0.504% solution became inef-
fective after pruning 394 mats. When Formoko was used, the 1.09% solution re-
mained effective throughout the entire working day, whereas the 0.79% and
0.504% solutions deteriorated after pruning 509 and 82 mats, respectively.
Thus, & starting concentration of 0.79% Beloran could be safely recommended,
while a minimum concentration of 1.09% would be necessary for Formoko.

Using the minimum "safe" concentrations to determine cost, Beloran will
be ll.9f per gallon of working solution, whereas the estimated cost of For-
moko will be between 15 and 20¢ per gallon of working solution. A Technical
Data Sheet was issued recommending the use of Beloran instead of formaldehyde
which is extremely irritating to the skin and mucous membranes. Beloran was
recommended for use at a rate of 1500 ml of 50% concentrate per 50 gallons
of water (0.79% based on total chemical, not on active ingredient).

Reactivation of used Beloran solutions was studied. In the absence of an
accurate chemical test for determining concentrations of Beloran, the follow-
ing procedure was used to ascertain the amount of concentrate necessary to
rehabilitate used solutions. Starting with the recommended concentration of
Beloran, dilutions were made of an unused solution and tested against P. sola-
nacearum at 10, 20, and 30 seconds exposure. Similar dilutions were made of
used solutions and tested before and after adding various amounts of Beloran
concentrate against P. solanacearum at 10, 20, and 30 seconds exposure to the
chemical. Using the results obtained from the unused Beloran dilutions as a
standard, it was possible to determine how much concentrate had to be added to
the used solutions to obtain equal activity.

If the following amounts are added to used Beloran solutions, they can be
considered "safe”" for re-use:
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Table 2

The Bactericidal Effectiveness of Various Beloran Concentrations
With and Without Latex Against Pseudomonas solanacearum When
Exposed for 10, 20, and 30 Seconds

Beloran Without Latex With Latex

Concentration b o} 20" 30" 10" 20" 30"
0.0 + + + + + +
e d T z i + + +
0.2 t . - + + +
0.2 £ - - + 3 +
0.4 - ™~ iy + & A
G5 - - - 5 & N
0.6 - - f - - n
07 - - = = s -
0.8 - - - - - -
0.9 - - - ph o _
1.0 - - ” . - 1

+ Growth

- No growth

1+

Growth sometimes present.
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Amount of Beloran in ml.
needed/50 gallons

Original preparation 138
1st reactivation 200
2nd reactivation 300
3rd reactivation L0oo

The reactivation of used Beloran solutions plays a very important part in
the economy of tool disinfection. Although Belorsn soluticus (11.9¢ per gal-
lon of working solution) are considerably less expensive than solutions of
formaldehyde (21—22¢ per gallon of working solution), additional savings can
be obtained by reactivation because only small amounts of the concentrate are
required.

If one starts with 100 gallons of the recommended concentration of Beloran
and assumes that each time the solution is rehabilitated there is a 25-gallon
loss due to spillage, etc. in the field, the actual cost per gallon of disin-
fectant can be calculated as follows:

Number of gallons

remaining Cost
Original preparation 100 $11.90
1lst reactivation 75 1.19
2nd reactivation 50 1.19
3rd reactivation 25 .19
Total 250 $15.07

Final Cost Per Gallon = 6.028¢

Repeated tests have revealed that the disinfectant used by machete pruners
and de-leafers remains effective throughout the working day. However, with
macana pruning where large amounts of soil are introduced into the cacharro,
the initial concentration of Beloran for this operation had to be increased
to 2.0% to insure proper disinfection.

Fungitex B-100 is a substitute for Beloran manufactured by CIBA in the
U.S.A. and more quickly obtained than the Swiss product. Laboratory tests in-
dicated that when latex is not present in the disinfectant solutions, Beloran
and Fungitex are comparable. When 10% latex was added to Beloran and Fungitex
solutions, only a slight reduction in activity was noted in the former but a
marked reduction occurred in the latter. This indicated that Beloran and Fun-
gitex were not the same. Additional tests were necegsary to determine if they
were equally effective under field conditions.
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Concentrations of 1.09%, 0.79%, and 0.504% were tested as machete disinfec-
tants in the field. The results (Table 4) showed that latex does not accumulate
in sufficient amounts throughout a day's use to cause inactivation of Fungitex,
if initial concentrations of at least 0.79 or 1.09% are used.

Fungitex has also been tested as a disinfectant for de-leafing and macana
pruning and to date all recommendations previously made for Beloran have held
for Fungitex.

The cost differential between Beloran and Fungitex is in favor of Fungitex.
Fungitex will cost 4.8¢ per gallon (based on price of $0.73/1b. f.o.b. shipping
point, quoted by CIBA) to 8.5¢ (based on price paid by Research for a gallon
lot in Honduras). The actual price should fall somewhere between these two fig-
ures when it is bought in large quantities.

Disinfectants for Macana Pruning

Because of the soil and debris which cling to the macana blade even after
it is immersed in the disinfectant, the possibility of spreading nematodes from
mat to mat is very great. Since Beloran and Fungitex B-100 are not effective
nematocides, other chemicals or combination of chemicals had to be considered
that would effectively stop the spread of both Moko and nematodes.

It was determined that a 1.0% solution of Nemagon (75% active) and a 3:1
dilution of formaldehyde are sufficient to stop the spread of nematodes. When
Nemagon was tested in the laboratory, the above concentration showed excellent
bactericidal properties and did not appear to be greatly affected by either
latex or soil. However, in the field a 1.0% solution was inactivated almost
immediately. A combination of Nemagon and Beloran (or Fungitex B-100) has not
been seriously considered because of the potential problems in mixing and re-
habilitation, as well as the cost. For these reasons, formaldehyde (3:1) has
been recommended for tool disinfection in macana pruning and seed digging to
prevent transmission of Moko and the spread of nematodes.

Dyes in Disinfectant

One| of the most important factors contributing to the continued presence
and spread of Moko is lack of tool disinfection between mats. At present,
there is no way of insuring that between-mat disinfection is actually done, ex-
cept by direct supervision. However, if a dye is added to the disinfectant in
sufficiehtly high amounts so that it will cling to the machete and wipe off on
the first one or two suckers which are cut, it would be possible to check ma-
chete disinfection for a limited period of time after the work was completed.
If the pruners know their work can be checked, they would probably tend to be
more conscientious about disinfecting mat to mat.
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Crystal violet, basic fuschin methyl violet, neutrsl red, and Phloxine B
have shown promise for this purpose. However, the price of the dyes in most
cases is prohibitive. Phloxine is the most economical of the dyes tested but
the cost will still be sbout 3.2¢ per gallon of disinfectant. Additionsal
studies in the economies aad usefulness of dyes is required.

Pruning Practices and Moko Spread

An experiment initiated June 1, 1967 was designed to compare five methods
of pruning with standard machete pruning. The six treatments are replicated
six times in a 6 x 6 latin square with about 110 mats per plot. Each plot is
pruned when the average height of the suckers within the plot is 4 to h% feet.
In the center of each plot one infected mat is maintained and pruned along
with the healthy plants to simulate an undetected Moko case and to determine
the efficiency of each technique in controlling the spread of the psthogen from
this infected mat. To date, all plots have been pruned 7 times with the excep-
tion of plots pruned by keroseme injection which have been pruned only 6 times.
The pruning techniques which are being tested are listed below. (See 1967
Annual Report for details on pruning techniques.)

1) Regular machete pruning.

2) Machete pruning plus kerosene spray.
3) Machete pruning plus Karmex spray.
L) Kerosene injection.

5) Macana pruning.

6) Jerk pruning.

Moko Spread. The analysis of the efficiency of these methods in control-
ling the spread of Moko is difficult as it cannot be stated definitely that all
Moko cases which appear within a given block are actually due to spread by
pruning tools. It is possible that Moko cases which appear immediately next
to the inoculated plants are due to spread of the Moko organism through the
roots and/or soil. Also, it is difficult to attribute cases which appear sev-
eral mats away from inoculated plants with healthy plants in between to spread
by pruning tools. To date, 31 Moko cases have been found in the 36 plots and
the pattern of spread is shown in Figure 16. An analysis of variance shows no
significant difference in the number of Moko cases per treatment that can be
attributed to pruning practices. The pattern of spread indicates that other
factors such as root spread must be taken into consideration. Out of 32 Moko
cases, 21 of them were found no more than 4 meters from the inoculated plants.
All but two of these 21 cases appeared 10-13 months after the original plants
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between harvests. Through October 31, 5,376 stems have been weighed from the
36 plots. An analysis of variance shows that 17 months after the initiation
of the experiment no significant differences could be detected in gross weight
of stems harvested as a result of using any one of the six pruning techniques.

Cost of Labor and Materials. Records have been kept of pruning times
and materials for cost comparisons (Table 7). It is easy to keep accurate
records of the time required to prune individval plots. However, labor costs
will appear higher than those actually obtained in farm practice because of
the extra care taken to insure the work is properly executed. It is more dif-
ficult to estimate material costs for small areas in comparison to large, but
it is felt the figures given are reasonably accurate.

Regular pruning is the least costly of the pruning techniques on a cycle
basis. Spraying the cut surfaces substantially increases both labor and mate-
rial costs. Macana and jerk pruning are more costly primarily because this
type of pruning is slower, increasing labor costs. With practice, efficiency
and speed increase and labor costs decrease.

Next to regular pruning, kerosene injection is the least costly when one
compares the average cost of the first five cycles. In the beginning this sys-
tem will cost substantially more than machete pruning, but as the workers be-
come more efficient and because of the reduced number of suckers that develop,
costs decrease. Multiplying cycle costs (Table 7) by number of cycle (Table 5)
it costs Lps. 57.11, Lps. 59.05, and Lps. 79.38 each year to prune approxima-
tely 660 plants when machete pruning, kerosene injection, and macana pruning
are used, respectively. Because of high costs with no obvious advantage, fur-
ther evaluation of regular pruning plus spraying the cut surfaces with kero-
sene and Karmex, as well as jerk pruning will be discontinued.

There remain two alternatives to machete pruning, macana pruning and kero-
sene injection, both of which have advantages and disadvantages. The danger of
tool transmission of Moko bacteria with macana pruning is probably equal to ma-
chete pruning. However, with this technique the surface of the rhizome is ex-
posed and one is able to detect internal Moko symptoms in the rhizome before ex-
ternal symptoms develop. These cases would not be detected by machete pruning
and would remain infection foci until external symptoms develop and are detected
by surveyors. Thus, macana pruning offers the advantage of earlier detection of
Moko cases which greatly aids Moko control. At the same time, the cut surfaces
are a disadvantage since it is possible for insects contaminated with Moko bac-
teria to come in direct contact with the vascular tissue.

The results of this experiment show no increase in the number of days be-
tween pruning cycles with macana pruning when compared to machete pruning if
both areas are pruned at the same sucker height. -However, because of the re-
duced number of suckers per mother plant with macana pruning the area will be
in less need of pruning.
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A distinct disadvantage of macana pruning is the potential threat of spread-
ing nematodes, making macana disinfection doubly important. The use of formal-
dehyde is imperative since it possesses both bactericidal and nematocidal pro-
perties.

Although detection prior to the development of external symptoms is not
possible with kerosene injection, it does offer several advantages over macana
pruning. Based on this experiment, kerosene injection should be cheaper than
macana pruning. Also, there is a greater reduction in the number of suckers pro-
duced per mother plant, as well as an actual increase in the number of days be-
tween pruning cycles. This increase appears even greater during the winter
months. There will be no danger of spreading nematodes with kerosene injection
and little disinfectant will be required to sterilize the needle. There will be
less exposed tissue for insect transmission and little disturbance of the area
immediately surrounding the mat which may tend to make it more susceptible to
blowdowns. One possible disadvantage of this system might be the possible con-
fusion of Moko symptoms with suckers dying as a result of kerosene injection.
This method of pruning on a large scale awaits the development of a strong, ser-
viceable injector.

It appears that both pruning systems have advantages to offer and a possible
combination of the two should be considered. The first two pruning cycles in
areas where machete pruning is being discontinued could be done with a macana to
locate as much of the "hidden" Moko as possible and obtain the initial reduction
in the number of suckers per mat. These two cycles can then be followed by kero-
sene injection to avoid the threat of nematode spread, to further reduce the num-
ber of suckers per mat, and to take advantage of the increased number of days be-
tween pruning cycles. The data to date suggest that the greatest number of days
between pruning cycles is obtained during the cool winter months. In succeeding
years at least one cycle of pruning could be done with macanas carried out to the
best advantage following the extended cycle obtained with kerosene injection dur-
ing cool months.

Weed Hosts of Pseudomonas solanacearum

Studies were undertaken to determine if weeds within the banana plantations
maintain a population of bacteria which could be transmitted to bananas in the
cleaning operation. Isolations were made from weeds which were growing within
the banana plantations. Isolations were carried out by aseptically placing
small pieces of surface-sterilized plant material in sterile distilled water
and shaking. With a bacterial loop a droplet of this water was streaked on
Tetrazolium media. Permanent stock culture tubes were made of the Pseudomonas
isolates obtained from these weeds and were later used for inoculation of potted
VALERY plants to determine pathogenicity. Isolations were also made from the
inoculated VALERY plants to compare the isolates with those originally obtained
from the weeds. Many of the weeds from which isolations were made appeared
healthy or only had one or two necrotic leaves but often showed internal dis-
coloration in the stem.



The following are weeds from which SFR or colony types similar to SFR
have been isolated and which were pathogenic when injected into young potted

VALERY plants:

Number of
isolations made

Times SFR
was isolated

Asclepias curassavica
Cecropia peltata
Piper auritum
Piper peltatum
Ricinus communis
Rivina humilis
Solanum hirtum
Solanum nigrum
Solanum umbellatum
Solanum verbascifolium
- Xanthosoma roseum

31 10
30 2
55 14
40 25
57 9
13 1

2 2
46 10
35 3 ]
31 8
59 14

In addition to the weeds listed above, unsuccessful attempts have been
made to isolate Pseudomonas from the following weeds:

Acalypha pseudoalopecuroides
Acalypha setosa
Amaranthus sp.
Asclepias curassavica
Baltimora recta
Bidens pilosa

Bidens squarrosa
Blechum pyramidatum
Boerhaavia erecta
Borreria laevis

Canna indica

Cassia bacilloris
Cayaponia microdonta
Cirsium sp.

Cissus sicyoides
Cleome serrata
Commelina diffusa
Commelina erecta

Cordia dentata
Desmodium affine
Fleurya astuans
Hybanthus attenuctes
Jussicea suffruticosa
Lagascea mallis
Lippia reptans
Physalis lagascae
Pilea microphylla
Piper tuberculatum .
Portulaca oleracea
Priva lappulacea
Ruellia nudiflora
Stigmaphyllon lindenianum
Syngonium podophyllum
Urera elata

Wedelia trilobata

The relatively large number of weeds which have been found to be poten-
tial hosts of Pseudomonas solanacearum points out the possible threat of spread-

ing the pathogen in the cleaning operation. The actual role of weeds in the
maintenance of Moko and its spread remains to be determined.
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Rehabilitation and Buffering

Much of the work which was done in the past concerning buffering of new Mok
cases and the rehabilitation of old Moko sites involves only the B strain of
Pseudomonas solanacearum and Gros Michel. The following observations were made
in VALERY plantings infected with the SFR strain:

1) Four large "Moko holes"” which involved 103 Moko cases were replanted
February 1, 1967. The Moko cases had been treated 2-6 months prior to
the planting date. The new planting was off-set. These areas were sur-
veyed weekly for one year during which time no Moko cases appeared, in-
dicating a fallow period of less than six months is possible.

2) In the greenhouse 10" pots of soil were inoculated with 100 cc of a
heavy water suspension of the SFR strain. One, 2, 3, and 4 weeks after
inoculation, seed pieces of VALERY bananas were planted in these pots.
The results show that all plants planted four weeks after inoculation
survived and were healthy, indicating a very short survival time of the
SFR strain in the soil.

With the above information in mind and new techniques for treating Moko
cases, the following experiment was initiated in the Guarumas to determine mini-
mum buffer and fallow time in VALERY infected with SFR and B strains. Two hun-
dred mats were inoculated with a mixture of B and SFR strains of the Moko bac-
terium on May 8, 1968. Two weeks after inoculation Moko symptoms began to appear.
Approximately 95 percent of the plants had visible Moko symptoms four weeks after
inoculation. In order to allow the maximum time that a Moko case might go unde-
tected in the farms, as well as to give the bacterium sufficient time to spread
into the root system, the inoculated plants were not treated until July 4, 1968,
or approximately two months from the time they were inoculated.

Infected plants were destroyed either with Dow Formula 40, as previously re-
commended, or with a Banvel-D (dicamba) - Herbicide 273 (endothal) mixture as re-
commended in the April 1968 Data Sheet. Buffer plants were not destroyed. Re-
planting is done 2, 3, 4, 5, and 6 months after treatment. There are 10 random-
ized treatments (one plant per treatment) replicated 20 times.

Results to date show that 30 Moko cases have developed in plants immedia-
tely surrounding the 200 inoculated plants. However, 27 of these cases were
around inoculated plants treated with Dow Formula 40 and only 3 were around
inoculated plants treated with the Banvel-D - Herbicide 273 mixture. It is
very likely that the three cases which did appear would have been avoided if
the inoculated plant had been treated as soon as the first visible symptoms
were apparent. Unless additional -Moko cases are found around Moko-infected
plants treated with bananacide at a later date, the small amount of spread
from cases treated with this technique would hardly justify the destruction
of a buffer zone.
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When compared to Dow Formula 40, the necessity of retreatment is much
less when the bananacide is used. However, when infected plants are treated
with the concentration of bananacide given in the original technical data
sheet (two parts dicamba and three parts endothal), more than 50% of the
time one or more of the neighboring plants had herbicide symptoms as a re-~
sult of translocation of Banvel-D through the root systems. This problem
has now been alleviated by changing the concentration of the two chemicals
to 6% Banvel-D, 60% Herbicide 273 and 34% water.

Replanting has now been made 2, 3, and 4 months after treatment. The
seeds are off-set from the original mat. At the present time, the young
plants are developing well and to date no Moko has been found in any of the
plantings, indicating that replanting of Moko abandonment could be safely
carried out earlier than the present recommendation of six months from the
time of treatment. (BERG)
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FUSARTAL WILT RESISTANCE

Banana breeders in Jamaica reported in July 1968 at the International
Phytopathology Congress in London that there was difficulty in obtaining
high levels of wilt resistance to F. oxysporum f. cubense Race 2 in tetra-
ploid hybrids of Highgate x M. acuminata. Accordingly, inoculation of 5
tetraploid hybrids including SH-22 was made in August using Race 2 isolates
from diseased Chatos ABB and Race 1 isolates from diseased VALERY plants in
Palmar. To date, none of the hybrids have become wilted. Presumably, di-
ploid "Lidi" used in Honduras crosses carries resistance to Race 2 as well
as Race 1. We should be certain Race 2 resistance is present in the major
breeding lines.

In Palmar about 50 cases of wilt appeared in VALERY during 1968. Iso-
lations were made and a virulent strain of Race 1 was obtained. This strain
wilted M. balbisiana seedlings more rapidly than an isolate from Cocos in
Honduras. Inoculations of VALERY plants were made in Honduras but no wilt-
ing was obtained with the Palmar isolates. There has been no spread or re-
occurrence of the disease in the mats involved. Thus, at present there is
no threat of a new race capable of attacking Cavendish group varieties.
(STOVER)
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NEMATODES

No division-wide surveys were made in 1968. Areas for plantains were
surveyed in Birichiche - Honduras, Caimito - Costa Rica, and Eskimo Farm -
Guatemala. Results of VALERY surveys carried out in Honduras are shown in
Table 8. Radopholus similis continues to spread throughout all farms. A
detailed survey of Farm 24, Bocas was made to delimit highly infested areas
for fallow.

In Honduras seed for replanting areas fallowed for Moko disease was
being taken from various locations in 25 farms and planted without heat
treatment. A large number of the locations were infested with R. similis.
This source of infection should be eliminated by planting only heat-treated
seed.

Soil and plant debri on macanas (chisels) used for underground pruning
contained live nematodes even when disinfected in 2% Fungitex B-100. To
avoid spreading R. similis from plant to plant by this method of pruning, a
nematocidal disinfectant was required. Both 9% formaldehyde (1 part 37% for-
malin to 3 parts water) and 1% Nemagon (75% active) were effective in kill-
ing nematodes adhering to macanas when the tool was immersed for 30 seconds
in the disinfectant solution. However, Nemagon was not effective in killing
P. solanacearum. Therefore, all tools used underground such as shovels in
seed~-digging operations and macanas in pruning should be disinfected with
1:3 solution of formaldehyde between mats to prevent spreading R. similis
and P. solanacearum. ¥

An examination of primary and secondary roots of VALERY in the old
Limones seedbed (Section 27) was made to determine if Rotylenchulus sp. was
contributing to banana root injury as reported from the Windward Islands.

No Rotylenchulus sp. was found. The most abundant pathogens were Radopholus,
Helicotylenchus, and Meloidogyne species. (STOVER)




Incidence of Radopholus similis Infection in Honduras

~50%

Table 8

Date % Date %

Surveyed Infection Surveyed Infection
Farm 1965-66 1965-66 1968 1968
Corozal 10/65 1.10 9/18/67 2.98
Mopala 10/25/65 1.4l 2/16/68 4.33
Sta. Rosa 2/25/66 0.88 2/23/68 2.88
Ceibita 11/20/65 0.45 2/26/68 Rol3
Indiana 11/27/65 0.97 2/27/68 h.27
Caimito 12/9/65 0.35 2/28/68 0.78
Limones 12/15/65 4.09 2/29/68 13093
Laurel 12/20/66 185 2/29/68 4.33
Mercedes 1/66 0.73 3/1/68 3.17
Tibombo* 1/66 0.60 3/k4/68 2.7
san Juan 10/11/66 1.07 3/5/68 3.84
La Curva 10/18/66 0.60 3/6/68 1.4
Tacamiche 10/26/66 1.01 3/11/68 2.67
Copén 12/21/66 0.03 3/11/68 0.06
Finca 2 2/15/66 0.18 2/12/68 0.37

= Does not include Coco Bolsa where no infection was found in the last survey

of January 1966.



FRUIT SPOTS

A combination of farm sanitation. weekly Dithane spray and prompL bag-
ging has been used ia all the Company Divisions, except Bocas, for fruit spot
control. Various modifications of egquipment and techniques were tested dur-
ing the year and as a result fungicide coverage has been significantly im-
proved. However, there has been a tendency to overspray resulting in un-
sightly residues on some boxed fruit. Some new techniques developed during
the year proved to be very helpful during fruit spot epidemics, e.g. Dithane
dusting under the bag was effectively used in Bananera to control an (pidemic

during July-August.

The breakdown of the fungicidal properties of Dithane M-45 residues on
fruit 5 weeks after application continues to be a major problem. For this
reason, a great deal of infection that takes place a few weeks before harvest
passes undetected at the boxing station and shows up at points of disembarka-
tion (Figure 17). However, better control of this "late" infectiom is ex-
pected now that Thylate (thiram) is cleared for preharvest use on bananas.
Studies have continued on Thylate to determine the optimum rate of applica-
tion and the best formulation for fruit spot control in the Northern as well
as in the Southern Divisions. Because of the less conspicuous color of Thy-
late, the problem of excessive spray residue on fruit will be also minimized.

Fungicidal Activity of Thylate and Dithane Residues on Fruit
at Harvest Time

Preliminary studies had shown inhibition of spore germination of Pyricu-
laria grisea and Fusarium roseum 10 weeks after the second fungicide applica-
tion on fruit sprayed with Thylate at the rate of 1.23 lbs. per 5 gallons of
water and protected with double tissue chill protection bag (Annual Report
1967). This work was repeated with fruit sprayed with Thylate at the rate of
1.0 1b. per 5 gallons of water plus 7 ml of Triton X-45 and protected with
polyethylene bag. Fruit was from Research experiments in Farm 47, Coto, and
Ceibita, Honduras. Fruit sprayed with Dithane at 1.0 1lb. per 5 gallons of
water plus 7 ml of Triton X-45 and unsprayed fruit were used for comparison.
Four sets of fruit samples were collected at the boxing station between Sep-
tember and November. One droplet of an aqueous spore suspension of P. grisea
was deposited on each of two areas per finger selecting those areas with
visible residues of Dithane and Thylate.

After an incubation of 8 hours at 24° C, aqueous Phloxine B was added to
the spore suspension droplets and spore germination and appressorium formation
were recorded.
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Spore germinatiocn varied between 2 and 25% on fruit sprayed with Thylate
and between 20 and 95% on fruit spraved with Dithane (Table 9). The higher
germination on the Dithane residus indicates breakdown of its fungicifal pro-
perties,

On fruit sprayed with Thylate, only about 50% of the germ tubes formed
appresscria during the 8-hour incubation peried. On fruit sprayed with Dithane,
80-90% of the germ tubes formed appressoria. Poor fungicide protection at or
a few weeks before harvest time could result in a high incidence of spotting
thaz may or may not develop before the fruit is boxed. (MUﬁOZ)

Dusting for Fruit Spot Control

The large amount of infection that can occur a few weeks before harvest,
possibly due to the breakdown of the fungicidal properties of Dithane M-45,
prompted an investigation into other possibilities for additional protection
of the fruit, with the bag in place.

Samples of fungicide-dust formulations obtained from Rohm & Haas and DuPont
were tested in Ceibita Farm, Honduras on fruit bagged with both polyethylene and
l-ply tissue bags. Unsprayed fruit was dusted from 5-7 weeks before harvest
with the bag in place using a Hudson Roto Power 6801 duster. Four dais after
dusting, fingers were picked up at random from the 3 uppermost hands of each of
ten stems per treatment. This sampling was continued at weekly intervals up to
47 days after dusting when the test fruit was already 1 or 2 weeks beyond har-
vest grade. In the laboratory, spores of Pyricularia grisea were applied fol-
lowing the same experimental procedures described in the preceding section, ex-
cept that in this case the spore suspension droplets were deposited at random.

concentration of active ingredient and the type of bag used (Table 10). On
fruit protected with a polyethylene bag and dusted with Dithane M-45 at 10%
active ingredient, over 50% spore germination was recorded after 11 days,
while on fruit protected with a 1-ply tissue bag 40% spore germination was
not reached until 26 days after dusting. At 20% concentration not much bag
effect was observed for either Dithane M-45 or Thylate. At this higher con-
centration spore germination varied between O and 10-15% during the first 3
weeks and it stayed below 50% up to 6 weeks after dusting. On Manzate T
dusted fruit over 50% spore germination was recorded a few days afterAdusting.
There was no inhibition of spore germination on untreated fruit. Appressorium
formation followed a trend similar to germination (Table 11).

The effect of the fungicide dusts on spore germination varied wiqh the

The wide range in spore germination observed in Table 10 may be due in
part to the random selection of samples, spore deposition, and uneven cover-
- age. Handling of the samples, too, may have added to this variation by re-
moving fungicide dust deposit from the fruit because of the characteristic
low tenacity of dusts.
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Dusting fruit 5-7 weeks before harvest, when the Dithane spray residue
may not be effective, would offer the additional protection needed in the
field against late infection by fruit spotting fungi. During the fruit spot
epidemic in Bananera in July-August, thils control practice was found‘valu-
able. In Golfito, however, dusting was not successful. In this Division
the bag and fruit are very wet in the morning and stick together and do not
permit the insertion of a nozzle between bag and stem. Under these wet con-
ditions, too, large lumps of fungicide dust are deposited on the fruFt.

The problems of fruit scarring and excess fungicide residue which were
observed to a large extent in Golfito and to a lesser extent in Bananera may
be due to particle size and shape of the fungicide carrier, inadequate equip-
ment, faulty technique and cart transportation of the fruit. Work i# in pro-~
gress to overcome these deficiencies should dusting still be needed in the
future as an adjunct to spray in fruit spot control. (MUNOZ)

Effect of Spray Intercycles and Trash Leaf Removal on Pitting
Disease Incidence in Coto, Costa Rica

The effect of spray intercycles and trash leaf removal on pitting disease
incidence was tested in Farm 47, Coto on fruit sprayed with Thylate and Dithane
at the rates of 0.5 and 1.0 1b. per 5 gallons of water plus 7 ml of Triton X-45,
respectively. Both fungicides were sprayed in weekly cycles and weekly cycles
plus intercycles. All 4 fungicide-cycle treatments consisted of 3 replications,
each approximately U4 acres in size. Trash leaf removal was practiced on all 12
plots since the beginning of the experiment on July 9. The first ex?erimental
fruit was harvested November 10. On this date and thereafter, fruit from adja-
cent areas representing standard farm practice of fruit spot control, namely,
weekly spray cycles and no trash leaf removal, was also harvested and examined.

Data to date show that trash leaf removal alone would greatly réduce pit-
ting disease incidence in Coto, most likely by cutting down on the amount of
inoculum (Table 12). The combination of trash leaf removal and spray inter-
cycle resulted in an even lower incidence of pitting disease. This was most
evident with Dithane M-45. This added effect of the spray intercycle on pit-
ting disease control could be related to the length of time in between spray
cycles during which large areas of host tissue, without fungicide protection,
are exposed to infection. A rapid inflorescence exposure is also apparent in
Golfito. There is an average of 12-13 days from peeping of the inflorescence
to complete inflorescence exposure for Golfito and 13.5-15 days for Honduras.

A shorter spray cycle with Dithane M-U45 in Golfito at least during the
worst of the fruit spot season increases protection of the rapidly emerging
fingers and will help to reduce spotting. (MUNOZ) \
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Effect of Dithane Concentration on Pitting Disease
Incidence in Coto

Because of the high precipitation in Golfito, the fruilt is wet for several
hours in the morning until evaporation occurs. When this fruit is sprayed, a
large amount of the fungicide mixture is washed off with run~off water leaving
a poor fungicide deposit on the fruit. To compensate for this, the ioncentra-
tion of Dithane in the spray mixture was increased during the rainy season from
1 to 1.5 and 2.0 1lbs. per 5 gallons of water. The amount of Triton X-45 was
maintained as recommended, at 7 ml per 5 gallons of spray mixture.

Fruit sprayed at the rate of 1 and 2 lbs. of Dithane per 5 gallons of
water was examined at the boxing station in Farm 48 and pitting disease inci-
dence was recorded. In Farm 48 fruit spot incidence was generally higher than
in other farms of Coto District in 1967 and 1968. Half of the farm Qad been
on the 2-1b. rate since the beginning of the year.

Table 13 shows data taken in July and September on fruit picked up at ran-
dom at the boxing station. Only on July 16 was pitting disease inciéence simi-
lar for the 2 fungicide rates. On the other 2 sampling dates disease incidence
in the 1-1b. rate was about 40% more than the 2-1b. rate. (MUNOZ) |

Field Testing of Experimental Bags in Coto

A series of tissue bags were tested in Farm 47 of Coto District for:-
1) fruit spot protection, 2) incidence of fruit scarring, and 3) weathering.
A description of bag treatments and suppliers is given in Table 1k.

A total of 25 stems per week were protected with each bag type during 6
weeks in August and September. The bags were periodically observed in the
field and at harvest time readings were taken on fruit scarring, weathering,
and pitting disease incidence. The degree of fruit scarring was classified
as clean, light, medium, and severe, depending on the number and size of areas
scarred. Table 15 shows that for all bag treatments 50-60% of the stems had
some degree of scarring. Tearing was used as a measure of weathering and was
classified as slight, moderate, and excessive, depending on the number and
size of the ruptures. The ability of the bags to withstand weathering was de-
pendent on the presence or absence of an external polyethylene bag and/or in
the presence or absence of wet strength additives (Table 15). WithouF a poly-
ethylene bag, the double tissue bag performed very well but the single tissue
bag performed poorly. Protection against pitting disease was very similar for
all bag types. Average number of spots per stem varied between 1.82 ﬁnd 2.10
between August and December. (MUNOZ)

Field Testing of Thylate for Fruit Spot Control in Costa Rica

|
An experiment was initiated in Farm 47 on April 29 to test Thylate under
conditions of heavy rainfall and high inoculum level. In this experiment
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Table 14

Description of Beg Treatment

Treatment
No.l/ Bag Treatment |
& Single-ply 15-1b. tissue Kraft soft finish inside poly-
ethylene bag.
|
2 Single-ply 20-1b. tissue Kraft non-wet strength inside
polyethylene bag.
3 Single-ply 20-1b. tissue Kraft wet strength, no polyethylene
bag. \
L Single-ply 20-1b. tissue Kraft non-wet strength, no poly-
ethylene bag.
5 Outer ply 20-1b. tissue Kraft wet strength.
Inner ply 10-1b. tissue Kraft soft finish, no polyethylene
bag. ‘
6 Single-ply Chase tissue inside polyethylene bag. |

1/ Treatment 1-5 - Plyboard Industries.

Treatment

6 - Chase Bag Company.



i

‘@961 xequedsg-3sudny /T

9c hh g8c 2 Ht 18 G2 O £0T 9

2 He 6t 62 2 62 62 ot L6 S

) gt 14 L 0 il 81 43 £h 16 t
3

_ 2h 2h 9 o1 91 12 81 o 88 €

9 82 6h LT Gl 62 e 9h 66 2

9 €2 jold L & 33 91 Hh 68 T

a¥Biusodad a88qus80x9d
EREVER) 93BISPON  QUYBITS  208ARUT aX9A88 UMIPAN 2yITT  umwaT) pauTwWexy qualyBaI],
Jutaes] JC 2axdaQ FUTIIBOS s8eg 10 Beg

smwaq8 JO ‘oN

/[

deoo Ul 20UBWIOIISd PToTd

pue BulagBog 7INId UC quUawWgBaI] Jeg JC 30971

GT 9198l



-63-

|
Dithane M-45 and Thylate were applied at the rates of 1/2 and 1 1b. in 5 gal-
lons of water and the fruit was bagged with polyethylene and single—p}y tissue
bags. Triton X-45 was used at the recommended concentration of 7 ml per 5
gallons of spray mixture. The 12 fungicide-bag treatments were repli?ated b
times in a split-split plot experimental design using bag type as the main
plots, fungicides as the sub-plots and rates as the sub-subplots for & more
critical statistical evaluation of rates. Each replication was about 1 1/3
acres in size.

From May 1 to July 9 spraying was carried out on weekly cycles p}us inter-
cycles. On July 9 the intercycles were discontinued. Trash leaf removal was
practiced between May and August. The fruit was bagged immediately agter the
last spray application and all other farm practices were similar to those of
the Division. Data on fruit spot incidence were taken at harvest time at the
boxing station. Approximately 10 stems per treatment per week were examined
and the number of pits, diamond and brown spots on the 3 oldest hands of each
stem were counted.

Thus far, pitting disease is the most important fruit spot in Cogo (Table
16). There are about 20 times more pitting disease spots than diamond spots
and about twice as much pitting disease as brown spots. When the incidence of
pitting disease alone was analyzed (Table 17), the difference between bag means
was found significant at the 5% level for the fruit sprayed with Dithane or
Thylate. At the same level, however, no significant difference was observed
between bag means of fruit sprayed with Thylate and bagged with polyethylene
bag and fruit sprayed with Dithane and bagged with tissue bag. The difference
between rate means was found significant at the 1% level for the O and 1/2 and
0 and 1 1b. rates. Between the 1/2 and 1 1b. rates there was no significant
difference even at the 5% level. An interaction was observed between bag
treatment and fungicide rates. As shown in Figure 18, the effect of this
interaction was on magnitude of response. At all fungicide rates bag treat-
ment had an effect on the incidence of pitting disease. An analysis of the
incidence of all spots (pitting disease, diamond and brown spots) shows es-
sentially the same trend (Table 18). In the interaction between bag treat-
ments and fungicide rates, however, the effect of Thylate on pitting disease
incidence was more affected by bag treatment (Figure 18). The effect of bag
and fungicide treatments on the weekly incidence of all spots is also shown
in Figures 19 and 20. On fruit protected with polyethylene bag and sprayed
with Thylate there was generally less spotting in the 1-1b. rate than in the
l/2—lb. rate. When the tissue bag was used, however, about the same level
of spotting was observed for the 2 rates of Thylate. The peaks in disease
incidence observed after October 15 in Figures 19 and 20 are apparently the
result of the discontinuation of the spray intercycles on July 9. Disease
incidence increased.in all fungicide treatments even though inoculum level
was decreasing as shown by the drop in disease incidence on the unsprayed
fruit. ‘
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Table 17

Incidence of Pitting Disease on Fruit Sprayed with
Dithare and Thylate and Protected with Polyethylene
and Single-Ply Tissue Bags

Ave. No. of Spots/Steml/
Rates Bag

Bag Fungicide 0 1/2 1 Mean
Polyethylene Dithane 2.81 1.42 .17 1.80
Thylate 2.81 1.1% 0.87 ‘ 1.60
Tissue, 1l-Ply Dithane 1.92 ) i 4 0.88 1.34
Thylate 1.83 0.74 0.77 1.X3

i

Rate Mean 2.34 1.12 0.92 ‘

;/ Based on examination of 409 to 453 stems per fungicide-bag treatment.
Stem = 3 oldest hands.

Least Significant Difference <0l 0D
1. Between bag means NS Q.37
2. Between rate means 0.28 0.20 ‘
3. Between rates in same bag 0.39 0.29
treatment

Coefficient of Variation: 19%
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Generally, the single-ply tissue bag appears to offer more protecticn
against fruit spots than the polyethylene bag in Coto (Figure 21) in spite
of the high degree of tearing recorded for this bag in Table 15. Thylate at
the rate of 1/2 pound controls pitting disease as effectively as Dithane at
the rate of 1 lb. and control is increased when Thylate is used at the rate
of 1 1b. on fruit protected with polyethylene bag. On fruit protected with
the single-ply tissue bag no difference in fruit spot control was observed
between the 1/2 and 1 lb. rates of Thylate. (MUNOZ)

Field Testing of Thylate for Fruit Spot Control in Honduras

The same experimental design and combination of bag-fungicide-rate treat-
ments used in Coto were used for testing Thylate in Ceibita Farm, Honduras. 1In
this experiment all treatments were initiated on April 8 and the spraying was
carried out only in weekly cycles.

From | July 10 to November 12 approximately 494 to 611 stems per fungicide-
bag treat#ent were examined at the boxing station and the number of pits, dia-
mond and brown spots on the 23 oldest hands were counted. The incidence of each
of these fruit spots is shown in Table 19. There were about 3-4 times more
brown spots than pitting disease spots and about 6-7 times more brown spots

than diamond spots. When the incidence of pitting disease was analyzed (Table
20), only the difference between rate means was found significant at the 5%
level. 1In the analysis of the incidence of all fruit spots (pitting disease,
diamond and brown spots) a significant difference was found between rate means
at the 5% and 1% levels and between rates in the same fungicide treatment at

the 5% level (Table 21). The differences in disease incidence between O and

1/2 and 1/2 and 1 1b. rates were generally larger on the Dithane-sprayed fruit
than on the Thylate-sprayed fruit protected with either polyethylene or tissue
bags. Onwthe Thylate-sprayed fruit protected with tissue bag there was no sig-
nificant difference at the 5% level between the 1/2 and 1 1b. rates. Also, the
difference between the O and 1/2 1b. rates was larger than the difference be-
tween the same rates on the Dithane-sprayed fruit. In the analysis of the inci-
dence of all fruit spots an interaction was observed between the effect of rates
and the effect of fungicide treatments and between rates, fungicide and bag
treatmentsf Figure 22 shows that on fruit protected with either polyethylene

or tissue bag the effect of rates on disease incidence was more important for
Dithane than for Thylate. A bag treatment effect was also observed on the Thy-
late sprayed fruit.

The weekly incidence of diamond spot on fruit sprayed with Thylate at the
rates of 1/2 and 1 1b. and Dithane at 1 1b. per 5 gallons of water is shown in
Figures 23‘and 2hk. Diamond spot incidence on fruit protected with either bag
type and sprayed with Thylate at 1 1b. was generally lower than on fruit sprayed
with Dithane at the same rate. On fruit protected with polyethylene bag and
sprayed with Thylate at 1/2 1b., diamond spot incidence was greater than on
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FIGURE 21.PITTING DISEASE INCIDENCE ON UNSPRAYED FRUIT PROTECTED WITH

POLYETHYLENE AND SINGLE-PLY TISSUE BAGS IN COTO.
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Table 20

Incidence of Pitting Disease on Fruit Sprayed with
Dithane and Thylate and Protected with Polyethylene

and Single-Ply Tissue Bags

e ——

Ave. No.

Rates Bag

Bag Fungicide 0 1/2 1  Mean

Polyethylene Dithane 2.64 1.05 0.61 1.43
|

Thylate 2.21 0.86 C.75 1.27
\

Tissue, 1-Ply Dithane 2.54 1229 0.73 158
. \

Thylate 2.28 0.85 0.64 1.26

Rate Mean 2.42 1.01 0.68 -

1/ Based on examination of 494 to 611 stems per fungicide-bag treatment.

Stem = 3 oldest hands.

Least Significant Difference

1. Between bag means
2. Between rate means

3. Between rates in same bag
treatment

Coefficient of Variation: 21%

NS
0.28

NS

-05

NS

0.21

NS
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Fable 21

Incidence of All Fruit Spots on Fruit Sprayed with
‘ Dithane and Thylate and Protected with Polyethylene

and Single-Ply Tissue Bags

Ave. No. of 3pots/3tem}/

Rates Bag
Bag | Fungicide 0 1/2 1 Mean
|
Polyethylene Dithane 12.45 5.23 3.27 T.32
Thylate 10.76 L.54 3.55 6.28
Tissue, 1-Ply Dithane 13 .07 5.69 3.18 6.65
|
Thylate 10.65 4.05 3.32 6.01
Rate Wean 11.48 4.88 3.33 =

l/ Based on examination of 494 to 611 stems per fungicide-bag treatment.

Stem T 2 oldest hands.

Least{Significant Difference -0l
1. Between bag means NS
2.‘Between rate means 0.88
3. Between rates in same bag NS
treatment
4, Between rates in same fungi- NS

cide treatment

Coefficient of Variation: 14

.05

NS

NS

0.92
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FIGURE 22. EFFECT OF RATE, FUNGICIDE AND BAG TREATMENTS ON
THE INCIDENCE OF ALL FRUIT SPOTS IN CEIBITA.



296=

.
UNSPRAYED 1
i —— UF-63 I LB 4
20| ————— THYLATE Y2 LB -
T i cnis  THNEATE . ) LB L
s 4 =4
w | =
—
= i |
= | g
) - 4
'—
= i §
a b= =
) i 4
1O L5
o f “
o i 4
= o ]
u>j i ]
2 [ )
| -
>

1968

FIGURE 23. DIAMOND SPOT INCIDENCE ON FRUIT SPRAYED WITH DITHANE
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fruit sprayed with Dithane at 1 1b., especially on late July and October.
Brown spoF incidence on fruit bagged with polyethylene or tissue bags aand
sprayed with Thylate at 1/2 1b. was about the same as on fruit sprayed with
Dithane at 1 1b. since the beginning of September (Figures 25 znd 25).
Although no significant difference at the 1% or 5% level was observed
between bag treatments, a comparison of fruit spot incidence on’ unsgprayed
fruit bagged with polyethylene and with single-ply tissue bags was made.
Figure 27 shows a greater amount of spotting on fruit protected with tissue
bag up to the beginning of September. A blowdown on May 24 affected 25-40%
of the experimental area and greatly damaged the tissue bag causing ruptures
of all sizes through which rain and irrigation water came in. As a conse-
quence, the remains of the paper bag were wet most of the time maintaining a
higher level of humidity around the stem. This may explain in part the reason
for the higher incidence of pitting disease and of all fruit spots (Figure 27),
on fruit Erotected with tissue bag from July 10 to the beginning of September.
Bag treatment, however, has not been, so far, as striking as the one observed
in Coto.

Problems observed with the use of Thylate throughout these experiments
were:- 1) An irritating effect on human skin - this can be avoided with proper
protection and handling of the chemical. 2) Poor fungicide tenacity - if there
was rain a few hours after the spray application on fruit not ready for bag-
ging, most of the fungicide was washed off. Work is in progress to overcome
this probﬁem.

The less conspicuous color of Thylate and the improved control of fruit
spots at reduced rates of application would also greatly minimize the problem

of f‘ungic‘ide residue. (MUNOZ)

Effect of Weather on Inoculum and Pitting Incidence in Honduras

The rain and temperature effect on Pyricularia spores, trapped in Guaruma
1, Wwere ‘imilar to previous years. Spore peaks during January and February
1968 were below 3000 because of low night-time minimum temperatures (Figure 28).
The average minimum temperature during the first three months was 63.4 F. Low
temperatures are known to reduce Pyricularia sporulation. On the third week
in March, during a warmer period, minimum night temperature was 66.0 F and
0.12 inch of rain produced two peaks of more than 3000 spores. The following
dry period of 57 days with only 0.34 inch of rain reduced the number of P.
grisea spores to practically nil. A rainy period started on May 22nd and
11.46 inches of rain fell on 12 consecutive days, but there was only one
peak of 3@00 spores on May 28. Rainfall in May increased the average daily
spore count to over 300 as compared to 56 during the dry period in April.
The number of spores in June increased further and peaks well over 3000 spores
developed, including a high record count of over 20,000 spores on Jure 29. Dur-
ing July‘and August, 18 important spore peaks were produced by a rainfall of
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Figure 28
Daily counts of Pyricularia grisea conidia per m3 of air from Hirst spore trap

slides from Guaruma 1 in relation to maximum-minimum temperatures and rainfall.
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0.5 inch or less. Minimum night temperatures during these peaks were at least
68.0 F or higher. As in previous years, the amount of spores trapped was not
related to the amount of rain.

The number of Pyricularia spores trapped in the Guaruma 1 area!was con-
siderably higher than in other farms, because plants with hanging dead leaves
were close to the spore trap and provided a favorable substrate for sporula-
tions ‘

Pitting incidence at Ceibita and San Juan was recorded on 500 inner whorl
fingers of the 3 oldest hands prior to fruit selection. Peaks of pitting in-
cidence recorded at both stations were below 2 percent of fingers on fruit
protected with paper-lined chill bags (Figure 29). Pitting was almost absent
from March through mid-July, followed by an increase to 3.5 and 2.5 percent
spotting in Ceibita and San Juan stations, respectively. The lower Pitting
incidence in San Juan Farm was probably the result of a cleaner plantation.
Fruit spotting on clusters after ripening was at or below 5 percent, as indi-
cated by Quality Control reports. Data from these reports was plotted 2 weeks
prior to report date to correlate with disease examination date at the packing
stations. (HALMOS)

Effect of Weather on Inoculum and Brown Spot Incidence in Honduras

Cercospora hayi, causal organism of brown spot, was counted daily on spore
trap slides from Guaruma 1 (Figure 30). Low daytime maximum and night time
minimum temperatures at the beginning of the year had a reducing effect on spore
numbers. The daily average spore count from January through March was 40O,
while during May and September it was 900 and 1800, respectively. Peaks in
May and September produced over 8000 to 10,000 spores but these peak$ were
not associated with rainfall. However, large amounts of Cercospora spores
were dispersed when dry periods with high daytime maximum temperatures were
followed by less than 0.2 inch of rain. Spore peaks in May and September ap-
peared regularly during the past four years. Therefore, collection $f spore
trap data was discontinued. It is now evident that ample inoculum is avail-
able during these periods to cause serious spotting provided other conditions
for infection are optimum. i

Brown spot infection on the fruit was surveyed at San Juan packing station.
The percent of inner whorl fingers spotted was plotted (Figure 30). ‘Peaks of
fruit infection were below the commercially significant 25 percent level all
year. This spot reduction was the result of the fruit spray program, which
was in effect throughout the year. Brown spot infection during previous years
caused economically significant fruit losses during August—September‘and Novem-
ber through January. (HALMOS)
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Figure 20
Daily counts of Cercospora hayi spores per m3 of air from Hirst spore
trap slides from Guaruma 1 in relation to weather and percent of inner
whorl fingers affected with brown spot at the San Juan packing station
during 1968.
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Pitting Disease and Brown Spot Incidence on Sprayed and
Unsprayed Fruit in Ceibita

Fruit was examined from the Ceibita Research experiments, where uaspra;s
fruit was compared to fungicide sprayed farm fruit. All stems were prot

with perforated polyethylene fruit bag. Farm fruit harvested from the second
week in January onward was protected with paper-lined chill bag.

Pitting and brown spot incidence, based upon counts of the 500 inner whorl
fingers is presented graphically (Figures 31-32). Soprayed fruit had consist-
ently less pitting than the unsprayed fruit (Figure 31). In addition to fungi-
cide protection, the paper-lined chill bag reduced infection to an insignificant
level. From the second week in January 1968, pitting disease incidence on the
sprayed and chill bag protected fruit varied between O to 1.2 percent. Infec-
tion on the unsprayed fruit, protected with perforated polyethylene bag, was be-
tween 2.2 to 10.6 percent before selection. The 5 percent infection level was
considered of commercial significance.

Brown spot infection declined to 6 percent on the inner whorl fingers the
second week in January when protected with fruit spray and chill bag (Figure 32).
Thereafter, infection remained below 10 percent on the protected fruit, while
spotting on the unsprayed fruit was consistently above 25 percent.

Pitting Increase During Ripening. After the inner whorl fingers were counted
and examined fcr pitting and brown spot incidence, the fruit was submitted to
regular processing procedures of clustering, selection and packing. After selec-
tion, clusters were inspected and individual pits were marked. The fruit was
then submitted to simulated transit (2 days at ambient temperature), shipping
(5 days at 58° F), and ripening (5 days at 68° F) process. On final inspection,
after ripening to color index 5, all pitted clusters were counted and expressed
as percent pitting after ripening. Percent clusters pitted at green and ripe
inspection on sprayed and unsprayed fruit was tabulated and the increased pit-
ting was indicated (Table 22).

Pitting increase was nil on sprayed and chill bag protected fruit the second
week of 1968, and consistently less important than on unsprayed fruit, except on
the last week in February. Pre-harvest chill bag removal from the sprayed fruit
may have permitted late infection because spray residues are largely inactivated
after 6 weeks. (HALMOS)

Pyricularia Inoculation of Bananas and Rice Plants

Host specificity of Pyricularia was studied becaus<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>