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Leaf spot (black Sigatoka and Sigatoka) and nematode root rot continue
to be the most costly of the diseases and pests attacking bananas. Leaf spot
control in the four Central American Oivisions absorbs nearly 5 million do1-
lars or 52% of the costs of disease and pest control; nematode cont~ol costs
about 2 milI ion do11ars or 22%. A1though disease control procedures were im-
proved in 1975, costs of materials and labor continued to riseand it was ne-
cessary to greatly increase number of spray cycles to provide good control of
the viru1ent black Sigatoka. As a result, overall costs rose considerably.

Sigatoka is present in all of Central and South America, except Honduras
and Belice where it has been replaced by black Sigatoka. The Armuel1es Oivi-
sion had a record year of good Sigatoka control with only 10.3 cycles of
spray. It was the only Division that reduced Sigatoka costs (Table 1). In
contrast, control was not as good as in 1975 in Golfito and Almirante, even
though the same number of cycles were appl ied in i976 as in 1975. Heavy
spotting broke out in Coto and Palmar Districts in June and July and there
were several heavy spotting outbreaks in Changuinola.

Greater use was made of Benlate and the Benlate-Dithane "cocktail".
Armuelles used the cocktail formula extensively (1.5-2 oz Benlate plus 12 oz
Dithane). Benlate alone at the low rate of 2 oz per acre provided adequate
control during dry weather in the Armuelles and Golfito Oivisions. Low-
volume applications of 011 (1 gal per acre) replaced the former 2.5 gal per
acre oil-in-water emulsion in all Divisions. To avoid problems when water
contamination of the oil occurred, emulsifier was added to oi1 for the first
tank mix of the day. Blending speed was increased to over 3000 RPM. Towards
the end of the year, some oil burning appeared in the Pacific coast divisions
when drought conditions prevailed. Low-volume oil-in-water emulslons may be
needed under such conditions. (OONALOSON, STOVER, GROVE)

A record number of cycles was applied in 1976 and costs soared (Table 1).
However, control was the best since the first epidemic swept through the divi-
sion in 1974. A sma11 amount of fruit ripened in local ized "hot spots" in
November and December when the market was saturated and fruit was left hang-
ing one to two weeks longer than usual. Losses were kept to a minimum in
spite of record high rainfal1 from October through December and a large amount
of lost flying time due to breakdown of he1 icapters.

-Figures 1-3 show disease trends. Spotting began
October, reached a peak in November and December, and
cl ine in late January 1977 ayer most of the Oivisian.

to ¡ncrease sharply in
began the seasonal de-

In some local ized



Average
cyc1es/year
Cost/acre/
cyc1e
Cost/project/
acre
Change in
cost/acre
1976/1975

TABLE 1 . Black Sigatoka and Sigatoka Cycles and Costs (in U.S. Dollars) - 1973-1976

HONDURAS (B1ack Sígatoka) ALMIRANTE GOLFITO ARMUELLES
1976 1975 1974 1973 1976 1975 1974 1973 1976 1975 1974 1973 1976 1975 1974 1973

29.5 21.6 17.2 13.8 16.O 16.O 16.9 16.3 17.7 17 .0 16.6 14.3 10.3 12.5 13.6 13.1
I
N3.82 2.98 2.25 1.35 3.24 3.00 1.68 1.20 2.99 2.36 1.73 1.31 3.11 2.69 1.58 1.22 1

112.54 64.35 38.72 18.63 51.89 48.01 28.38 19.29 52.90 40.23 28.70 18.75 32.09 34.08 22.41 15.96
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Black Sigatoka infection in the two worst sections of Santa Rosa Farm: Benlate-oil
zone.
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Figure 2. B1ack Sígatoka ínfectíon .in the two worst sections of the fo110wíng experíments:
(1) 4 02 Ben1ate + 1 gal oí1, Zone 1, Santa Rosa; (2) 4 oz Benlate + 12 oz Dithane
M-45 + 1 ga1 oí1, Zone 2, Santa Rosa; (3) 4 oz fun1ate + 0.5 ga1 ·water + 0.5 gal
oí 1, Zone 1, Mopa1a; (4) 2 oz Benlate + 1 ga1 oí 1, Zone 2, Mopa1a. A11 rates are
per acre.
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By the first of August bronzing was showing up in areas such as Omonita,
Santa Rosa and los limones. At this time the 10w-volume emulsion (0.5 gal oil
in 0.5 gal water) area of Santa Rosa showed less bronzing. It was then recom-
mended to put other areas where the youngest leaf spotted in the two worst sec-
tions was 8 or better on 10w-volume emulsion with 4 oz of Benlate. Where the
youngest leaf spotted reached 9 or older,the Benlate was reduced to 2 oz.
Where pronounced bronzing occurred and the youngest leaf spotted remained
younger than 8, alternate cycles of 4 oz Benlate in 1 gal oil with 4 oz Benlate
in 50% emulsion were used. San Juan, La Curva and Tacamiche had quite prominent
bronzing by the end of November. In December all except experimental areas were
using the low-volume 50% emulsion. The 50% emulsion will continue to June in
order to reduce oil injury during cool, dry weather.

The presence of black Sigatoka was confirmed in Bel ize. In Honduras the
disease was spreading more slowly than expected out of the Ulúa Val ley. It has
moved 25 km west of Cortes on the Cortes-Cuyamel highway, but has not moved east
of Tela towards La Ceiba. It has reached Taulabe beyond Lake Yojoa on the main
San Pedro-Tegucigalpa highway.

Plantains
and by the end
ports ceased.
qua 1ity fru it.

in the lower Ulua Valley Here heavily attacked from July onward
of October export qual ity fruit could not be obtained and all ex-
Plantains will have to be sprayed from June to December for export

(STOVER, DICKSON, SLABAUGH)

During the year many changes in formulations occurred. These changes were
made as more knowledge of the disease and spraying methods were obtained. FoJlow-
ing are 1 isted the changes that were made during the year:

Formulation Changes in 1976
(All rates are per acre)

1 gal oil plus 6 oz Benlate until spotting levels lowered;
8 oz of Dithane was included with Benlate in most areas in
order to evaluate coverage during spray equipment cal ibra-
tion.

Reduced oil rate to 0.75 gal with 6 oz Benlate in farms
with infection rate of leaf 8.5 or older.

Where 8 oz Di thane added to eva 1uate coverage, reduce Ben-
late from 6 to 4 oz.

Placed one spray zone in Ulua District on 2 oz Benlate plus
12 02 Dithane in 1 gal oil.

Farms with persistently high rates of infection for last 3
months received 2 cycles of 6 oz of Benlate at 10-12 day
intervals.



Three standard formulae listed for use depending on amount
of disease "in two worst sections:
l. 2 oz Benlate. 12 oz Dithane. 1 gal oil where youngest

leaf spotted 8.5 or older.

2. 2 oz Benlate. 12 oz Dithane. 0.75 gal oil where young-
est leaf spotted 8.5 or older from February-May. or
where drought conditions prevail.

3. 4 oz Benlate. 12 oz Dithane. 1 gal oil where youngest
leaf spotted 8.5 or younger during June. July and
August.

4 oz Benlate. 12 oz Dithane. 1 gal oil used 0ver entire
Division. Cycles 10-12 days on al1 areas where leaf 8.5
or younger infected.

Cycles shortened in al1 areas:
Leaf 8.5 or older spotted - 14 days maximum
Leaf 8.4 or younger - 11 days maximum

Placed Lima District on Benlate only. except certain areas
in San Juan and Tacamiche that received Benlate + Dithane.

Placed entire Division on 4 oz Benlate in 1 gal oil. ex-
cept certain spray zones in La Lima. Ulua. Guanacastal
and Higuerito Districts which continued with Benlate plus
Dithane.

1. Standard Benlate
Standard Oil

4 oz Benlate
1 ga 1 o i1
0.2% Triton x-45.
or 0.1% Agral 90

2. LOvJ Ben 1ate
Standard Oil

2 oz Benlate
1 ga 1 oi 1
0.2% Triton x-4S.
or 0.-1% Agral 90

When youngest leaf spotted
No. 8.9 or younger

When youngest leaf spotted
No. 9.0 or older

3. Standard Benlate
Low Oil Emulsion

4 oz Benlate
0.5 gal oil
0.5 gul water
0.75% Triton X-45,
or 0.38% Agral 90

On all areas where infection
on leaf 8.0 or older and on
al1 areus where pronounced
bronzing evident and spotted
leaves younger than 8.0 for
two consecutive cycles. then
alternate with formula l.



4. Low Benlate
Low Oil Emulsion

2 oz Benlate
0.5 gal oil
0.5 gal water
0.75% Triton X-45,
or 0.38% Agral 90

On all areas where infection
on leaf 9.0 or older.

The fol10wing formulae and cycle intervals were put into ef-
fect to reduce number of mixes:
Youngest

leaf
spotted Cycle days Formula

7.9 9-11 Standard Benlate
Standard O i1

8.0 10-12 Standard Benlate
Low O i1 Emu1sion

9.0 13-14 Low Ben1ate
LO\'JO i1 Emu1sion

Final1y on November 16, a11 formulations were changed to emulsions with the
fo1lowing schedule recommended for the rest of 1976:

SEASON
December to May June to November

Youngest Low O i1 Emu1sion Youngest Standa rd O i1 Emu1sionleaf leaf
spotted", Cycle days Formula spot ted", Cycle days Formula

7.9 10-12 Standard Benlate 7.9 9-11 Standard Benlate
8.0 12-14 Low Benlate 8.0 10-12 Standard Benlate
9.0 15-17 Low Benlate 9.0 13-14 Low Benlate

l. Standard Ben1ate
Standard Oi1 Emu1sion

4 oz Benlate
0.85 gal oil
O. 15 ga 1 \'Jater
0.10% Agral 90

2. Standard Benlate
Low Oil Emulsion

4 oz Benlélte
0.5 gal oi1
0.5 gal water
0.38% Agral 90



3. low Benlate
low Oil Emulsion

2 oz Benlate
0.5 gal oil
0.5 gal water
0.38% Agral 90

The four zones of 4 oz Benlate plus 12 oz Dithane M-45 continued through
December. However, toward the end of December, because of heavier disease
build-up and the discovery of some tolerance to Benlate, it was decided to
spray all heavily diseased areas with 4 oz Benlate plus 12 oz Dithane M-45 in
a 50% emulsion per acre for two cycles and then alternate with 4 oz Benlate
in 50% emulsion. (STOVER, DICKSON, SLABAUGH)

Because more frequent spraying is required for black Sigatoka than Siga-
toka control, low-volume emulsions were studied in order to reduce the amount
of oil being applied. Excessive oil not only damages the leaves (bronzing),
but can reduce yield, especially during cool, dry weather.

In the laboratory it was not possible to make a good stable 85% emulsion
using 4 oz Benlate plus 12 oz Dithane and Agral 90 up to 3.5% by oi1 v01ume.
At 2.3% or above it became very viscous. With a 50% emulsion a good stable
emulsion was obtained at 0.5% Agral 90 and a fairly fast-breaking one at 0.38%
Agral. In the field 0.38% proved satisfactory. Agral 90 at 0.38% of oil vol-
ume is also required for a 75% emulsion. For 4 oz Benlate in an 85% emu1sion
on1y 0.1% Agral 90 is required.

The 10w-volume (1 gal p~r acre) 50% emulsion has been successful1y used
In Honduras bet\\leenOecember and June. (O ICKSON, SLABAUGH, STOVER)

A number of areas received different formulations for comparison. Levels
of ~nlate of 1.5 and 2 oz along with Oithane at 8 and 12 oz were tested inl
and 0.75 gal of oil per acre in Tacamiche Farm. No differences could be de-
tected in disease control in these small-scale tests up to mid-year. Larger
tests were then initiated.

In Santa Rosa-Mopala large b10cks were sprayed with four different for-
mulae. Spotting data are shown in Figure 2.

Benlate-Oil: This 600-acre block had been sprayed almost continuously
since November 1974 with 4 oz of Benlate in 1 gal of oil. In 1976, 30 appl i-
cations were made. These included five cycles at the beginning of the year
at 6 oz of Benlatc, one of 4 oz plus 12 oz Dithane, and in the last three
cycles of the year beginning November 25 the carrier was changed to an 85%
emulsion sprayed at 1 gal per acre. The 30 cycles for the year give an aver-
age of 12.2 days between applications.



4 oz Benlate + 12 oz Dithane + 1 gal oil per acre: This treatment consisted
of 260 acres lying between the Benlate-oil zone of Santa Rosa 1 and the 50% emul-
sion zone of Mopala 1. This treatment was begun on February 14 and continued
through November 26.

4 oz Benlate + 1/2 gal oil + 1/2 gal water per acre: Beginning May 14, 312
acres of Mopala were sprayed with this formulation. Twenty cycles were appl ied to
November. Some heavy infection on shot plants appeared in September in Sections 4
and 5 along the river and began moving toward the interior of the spray zone. By
December considerable infection was occurring in Sections 1 and 2 near the river.
By mid-December heavy infection was also occurring in Sections 69 and 70 and ripe
and turning fruit appeared.

2 oz Benlate + 1 gal oil per acre: This formula was applied to 294 acres of
Zone 2 of Mopala beginning July 5. Fifteen cycles were appl ied including one cycle
on November 4 of 4 oz Benlate, and the last two cycles in December were sprayed
with the 50% low-volume emulsion.

Spotting reached high levels in all of the above areas during the last three
months of the year (Figure 2). However, control was adequate in all areas except
the emulsion block. Control in this treatment did not begin to deteriorate until
September and by December severe spotting ~as present in about 80 of the 312 acres.
Tolerance to Benlate was detected in this area in September. Also, the area 1 ies
along the Ulua River \<'/here·'hot spots" frequently develop because of poorer cover-
age or a more favorable micro-environment for the pathogen. Under these circum-
stances, it is probable that at least part of the disease outbreak in the emulsion
area can be attributed to a location effect. This is one reason why formulations
must be tested in several locations over a yearls time before they can be fairly
evaluated. (STOVER, DICKSON, SLABAUGH, GROVE)

Tolerance and loss of discase control have been recorded for at least eight
pathogens where benomyl alone was sprayed at regular intervals for 2-3 years.
For early detection of tolerance and possible 10s5 of control, ascospores from
black Sigatoka areas are discharged at regular intervals onto agar plates contain-
ing 0.1 mg/ml (0.1 ppm) of benomyl. Up until September these spores have either
not germinated or germinated abnormal1y. Conidia from spots have reacted Slml-
larly. However, when isolations were madc from hyphae in young lesions, from 25
to 70% of the colonies that developed grew at a much faster rate and could grow
on media with 0.1 mg/ml of benomyl (Figure 4). About one-half of these tolerant
isolates would also grow (although more slowly). at levels up to 500 mg/ml, but
not at 1000 mg/ml of benomyl. These tolerant isolates were of two types - one
that grew about six times as fast as the non-tolerant isolates and one that grew
about four times as fast (Figure 4). In addition, cultural characteristics were
very different from wild type isolates.

Colonies from hyphae isolated from young lesions by removing a piece 1 mm
or less in diameter w~re always either tolerant or non-tolerant and no mixtures
occurred. Also, conidia produced in culture were always the same type as the
parent. In contrast to the dual nature of hyphal isolates, ascospores and coni-
dia produced in and on spotted areas that yielded tolerant thall i were always
non-tolerant. Tolerant isolates were never obtained from areas that had not been
sprayed with benomyl.



•.-

Tolerant and non-tolerant strains of ~cosphaerella fijiensis
varo difformis to benomyl. (Upper row) Five-day growth on
Mycophyl agar \'Ii thout benomyl and (mi ddl e rO\<J) \'¡i th 0.1 flg/ml
of benomyl. The Üvo plates on the right contain the tolerant
strain; those on the left the non-tolerant. (Lower row) Rate
of growth and colony characteristics of two strains tolerant
to bcnomyl (large colonies) and the wild non-tolerant strain
aftel~ 10 days on Mycophyl agar at room temperature (23-26° C).
From left to right colonies are 11, 7 and 2 mm in diameter.



Tolerant colonies were stable and did not sector. Attempts to create heter-
caryons between tolerant and non-tolerant strains by mixing conidia and isolat-
ing from hyphal tips of resulting colonies were unsuccessful. Only colonies of
the faster-growing tolerant strains were obtained from hyphal tips.

Pathogenicity studies were undertaken with tolerant and non-tolerant cul-
tures taken from lesions in areas receiving benomyl. After isolation and classi-
fication, single-conídia derived cultures were obtained for inoculation. Spore
suspensions were appl ied to the 10wer surface of the unfurled first leaf of young
banana plants growing in a mist chamber. No spotting developed from tolerant cul-
tures, but non-tolerant cultures were highly virulent - mass spotting occurring
within eight weeks.

Cultures derived from single ascospores from areas with benomyl-tolerant
thalli in lesions and from areas that never received benomyl were used to inocul-
ate young plants. One-half of the plants then receíved three appl ications of
benomyl in oil on the upper leaf surface ten days apart beginning 48 hours after
inoculation of the 10wer surface. Lesion development was retarded and fewer le-
sions developed on the plants receivíng benomyl. Nevertheless, enough lesions
eventually appeared for isolatíon purposes. No benomyl tolerant thall i were ob-
tained from any plants where inoculum was derived from ascospores from areas
never receiving benomyl. Tolerant thall i were present in lesions derived from
ascospores from areas where benomyl had been used for 18 months.

The failure of tolerance to appear in the sexual progeny from lesions known
to consist of tolerant and non-tolerant hyphae is characteristic of extra-
chromosomally inherited differences.

Following the discovery of an extra-chromosomal type of tolerance not trans-
mitted through the ascospore, tolerance was detected in ascospores. These isol-
ates had a level of virulence equal to non-tolerant strains. In certain locations
up to 5% of the aSCO$pores will grow at 1 ppm and 3% at 10 ppm. In individual
leaves, as high as 60% of the ascospores had some tolerance to benomyl. Recently,
a few ascospore-derived cultures have been obtained that grow at about 50% of the
normal rate in 200 ppm of benomyl.

As increasingly higher levels of tolerance \vere detected, a study was made
on the effect of Dithane on the incidence of tolerant isolates (Table 2). The
presence of Dithanc along with the Benlate reduced the level of tolerant isolates.
It was then decided to re-instate Díthane as a component .of the Benlate-oil spray.

The use of míxtures of fungicides with Benlate or othcr benzimidazoles to
overcome tolerance problems is being promoted by the manufacturers. 80th DuPont
and Rohm and Haas are proceeding to register new compounds consisting of mixtures
of a benzimidazole and a dithiocarbamate fungicides.

Four areas were kept on 4 02 of Bcnlate plus 12 oz Dithane M-45 plus I gal of
oil when the remainder of the Division stopped using Dithane in the mix at the end
of June:



Table 2. Effect of Benlate alone and Benlate plus Dithane on
tolerance of ascospores of Mycosphaerella fijiensis
varo difformis to benomyl in Santa Rosa Farm.

Tolerance Levels
1.0-10 < 1.0 %

ppm ppm To1erant

Sept. 6-7 Ben1ate 14* 21 60

Benlate + Dithane O 32 O

Sept. 29-30 Ben1ate 24 51 32

Ben1ate + Dithane 3 27 10

Nov. 29-30 Ben1ate 79 35 69

Ben1ate + Dithane O 84 O



Table 4. Amount of spotting on leaf 7 on plants with fruit being
calipered for the first week of harvest in adjacent areas
treated with Ben1ate or Benlate + Oithane in Laurel-
Limones Farms.

Adjacent Spott ing rating'~ % plants in category 3 and 4'",.
sections Benlate Benlate
south to + +
north Oithane Benlate Di thane Ben1ate

52-51. 42-43 1.40 1.29 O O

45, 44-45 1.20 2.57 O 50.0

46, 33 1.30 1. 14 O O

32, 32 1.20 1. 14 O O

25, 25 1.10 1. 13 O O

Average 1.24 1.45 "f,'~:~
,;':. Average of 5-10 p1ants per section number: less than 5% of 1eaf spotted; (

2 := 5-15%; 3 := 16-33%; 4 := more than 33%. (:
"



Table 5. Amount of spotting on leaf 7 on plants with fruit
being calipered forthe first week in adjacent areas
treated with Benlate or Benlate + Dithane in San
Juan-La Curva Farms.

Adjacent Spott ing rat ing ,,}{ % plants in category 3 and 4 *sections Benlate Benlate
south to + +
north Dithane Benlate Dithane Benlate

42, 34-35 1.00 1.00 O O

4 J , 36 1.00 1.00 O O

40, 37 1.00 1.00 O O

39, 38 1. 14 1.00 O O

72, 71 1. 14 1.00 O O

73, 70 1.00 1.00 O O

74, 15-16 1.00 1.00 O O

Average 1.04 1.00

,~Average of 5-8 plants per section number: 1 = less than 5% ofleaf
spotted; 2 = 5-15%; 3 = 16-33%; 4 = more than 33%.





increased in the Benlate and Calixin plots~ There was much less spotting in
the Calixin-Benlate treatment than in either Benlate or Calixin alone.

An examination of spotting data on shot plants (Table 7) indicates that
disease levels in theBenlate and Cal ixin plots were about equal by the end
of January. The Cal ixin-Benlate treatment, however, clearly had less spot-
ting. The data show the Benlate treatment significantly reduced spotting on
shot plants nearing harvest from an average index of 3.5 to 2.00. Cal ixin
maintained the average index at around 2.00, and the Cal ixin plus Benlate
reduced the index from 2.0 in December to 1.0-1.4 in January (Table 7).
These data confirm studies made elsewhere indicating that Cal ixin alone is
not as effective as Benlate. However, a mixture of the two may be more ef-
fective than either one alone. Additional studies are warranted when regis-
tration and a tolerance 15 obtained. (STOVER, DICKSON)

Imazal il is a new systemic fungicide produced by Janssen Pharmaceutica
and tested by the French in Africa where it provided good control of Sigatoka.
Ascospores are extremely sensitive to concentrations as low as 0.1 ppm. Ima-
zal il acts on the cell wall causing leakage of contents and severe distortion
of germ tubes (Figure 5). This material was sprayed in Omonita Farm in a
"seedbed" because fruit could not be exported until Imazal il was registered
and a tolerance establ ished with the Environmental Prote¿tion Agency. The
first appl ication was made on April 10 at 200 9 a. i. in 1 gal oil per acre
followed on April 20 by the second appl ication. On Hay 5 one-half the area
(four swaths wide) was changed to 100 9 a.i. per acre. These latter treat-
ments were carried out for a total of six cycles. In addition, it was neces-
sary to make an appl ication on June 5 of 100 9 a. i. per acre to the 209 9 a.i.
zone because of a shortage of material on hand.

On August 31, the 200 9 a. i. plot was changed to 0.75 9 a. i. per acre.
These treatments continued to the end of the year, except that the last two
appl ications were appl ied as a 50% emulsion. In all, 16 cycles of Imazal il
were applied. Fruit for residue work was shipped to the United States on
August 19, 1976.

After the first two applications, 1 ight pitting was found on many of the
leaves, although it did not appear serious. Since that time the pitting had
disappeared. No pitting was found on fruit. There appeared to be a relation-
ship between the amount of 1ight intensity at time of spraying and amount of
pitting.

Control has been about equal in both the Imazal il plots (16 cycles of
spray) and an adjacent control block sprayed with Benlate-oil (22 cycles).
Figure 6 shows the rainfall, spray appl ication dates, and leaf spot oata.

Imazal il \.•arrants commerci<11-scale testing when clearance is obtained
and a price is establ ished. (DICKSON, SLABAUGH, STOVER)

In commercial type surveys to determine the youngest leaf spotted, tall
plants are used. A study was made to determine what effect plant height or



Tab1e 7. Effect of Cal ixin, Ben1ate, and Cal ixin + Ben1ate on
spott ing 1eve1s on 1eaf No. 7 just prior to harvest.

BENLATE CALIXIN CALIXIN + BENLATE
Date Av. % 1eaves 117 in category"c Av. % 1eaves #7 in category Av. % 1eaves #7 in category
1976 grade 1 2 3 4 grade 1 2 3 4 grade 1 2 _3_ 4

Nov. 22 3.52 0.0 12.O 24.0 64.0 2.04 8.0 80.0 12.0 0.0 1.76 60.0 12.O 20.0 8.0

Oec. 2 2.40 5.0 50.0 45.0 0.0 1.75 35.0 55.0 10.0 0.0 1.90 15.0 80.0 5.0 0.0

13 2.50 0.0 50.0 50.0 0.0 3.50 0.0 10.0 30.0 60.0 2.00 0.0 100.0 0.0 0.0

23 2.00 30.0 40.0 30.0 0.0 1.80 30.0 60.0 10.0 0.0 1.50 60.0 30.0 10.0 0.0 1
No

Jan. 4 2.00 8.0 84.0 8.0 0.0 1.40 64.0 32.0 4.0 0.0 1.04 96.0 4.0 0.0 0.0 I

14 2.00 16.0 68.0 16.0 0.0 1.60 44.0 52.0 4.0 0.0 1.00 96.0 4.0 0.0 0.0

28 2.00 24.0 52.0 24.0 0.0 1.96 24.0 56.0 20.0 0.0 1.40 60.0 40.0 0.0 0.0



Asco s pOl-eS o f ~~co s.2J1.9_~~~1_1Q.. f i j i ens i s
varo di ífol'Clis subjected to 0.1 pplI1 of
InlazariT.--~foté leéi¡~age of contC'nts
fl'Oln si<.Je \'1 a 11 s , ei!1pt)/ cells, and dis-
tortC'd genn tubéS.
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age had on the survey readings. Also, since most black Sigatoka spotting
develops between shooting and harvest, a study was made of evaluating leaf
spot just prior to harvest.

To categorize medium and tall plants, 10 plants of the medium and tall
height classes were measured as to height and time to shooting (Table 8).
The tal1 plants on May 20 averaged 12.6 (range 12.2-13.1) ft in height to
the axil of the first opened leaf and the candela. These shot at an average
of 13.3 (range 12.8-14.3) ft. The dates of shooting were between May 26 and
June 9 or an average of 11.9 days after marking (June 1). The medium plants
on May 20 averaged 10.6 (range 10-11.6) ft in height and shot at an average
of 13.8 (range 12.4-14.9) ft in height. The dates of shooting were between
June 20 and August 20 with the average being July 31 or 71.5 days after mark-
ing.

An evaluation of youngest leaf spotted on tal1 and medium height plants
(Table 9) shows that a much younger leaf is spotted in medium than in tall
plants. Whether "this is due to a faster rate of leaf production in the
younger medium-sized plants or a faster rate of disease development is not
known.

For evaluation of spotting intensity just prior to harvest, the seventh
leaf of plants with the ribbon color being harvested for the first time (first
week) was chosen. Spotting was evaluated using the standard i~dex described
in Tropical Agriculture 48: 185, 1971: O, none up to 10 individual lesions;
1, 5% of leaf area with spotting; 2, 6% to 15%; 3, 16% to 33%, and 4, more
than 33% of leaf area spotted. Figure 7 show$ the data from Marchthrough
mid-January. There is a good correlation between spotting intensity on leaf
No. 7 on plants near harvesting age and youngest leaf spotted on medium-sized
plants. A similar but less close correlation occurs between youngest leaf
spotted on tal1 plants. (DICKSON)

Two banana ripening trials of fruit harvested from Sigatoka diseased
plants were run. EdCh trial consisted of 10 boxes of fruit packed from each
of 10 racemes from heavily spotted plants.

Blue-ribbon bagged fruit from the week of July 3 (27th week) was har-
vested on September 20 (approximately lOa days old) in Tacamiche Farm. Plants
showed from 1-5 leaves in Category 4 (more than 33% of leaf arca diseased),
plus 0-4 leaves in Category 3 (16-33% leaf area damaged). The average leaf
index was 2.4 and the average cal iper grade of the second hand was 13.4 "
(range 11-15). Shortly after packing, the boxes were placed in a ripening
room where the temperature was maintained at 58° F. The first box showing
signs of ripening occurred 21 days after packing and consisted of one finger
of each of two hands where the fingers had been heavily scarred.

Gold-ribbon bagged fruit from the weck of August 7 (32nd week) was har-
vested on October 22 (approximately 93 days old) in Indiana Farm. Plants
showed from 1-6 leaves in Category 4, plus 0~3 leaves in Category 3. The
average leaf index was 2.3 and the average cal iper grade of the second hand
was 14.9 (range 13-19). This time the packcd boxes were held at ambient tcm-
perature for 24 hours, thcn 48 hours at 62° F, followed by 48 hours at 60° F,



Table 8. Height and days to shooting for "mediumll and IItallll

p1ants marked in San Juan Farm on May 20, 1976. ,.

Height in
feet Date of Days to Height at

May 20 shooting shooting shooting
..

Ta 11 plants 1 12.7 May 27 7 13.2 (',.

2 12.7 June 9 20 13.4 ';':

3 12.9 5 16 13.4
4 12.9 May 29 9 13.2
5 12.2 June 4 15 12.8
6 13.1 May 26 6 13.6
7 12.2 30 10 13.0
8 12.7 31 11 14.3
9 12.3 June 1 12 13.0

10 12.4 2 13 13.0
Average 12.61 11.9 13.29

Medium plants 10.9 June 20 31 12.4
2 11.6 July 6 47 14.2 -.

3 10.0 Aug. 7 79 13.3 ..
4 10.3 17 89 14.5 -~~:.
5 10.0 July 26 67 13.4 ,
6 11.2 29 70 13.9
7 10.3 Aug. 20 92 14.9
8 10.2 8 80 13.8 1;',

"

9 10.7 --Ju1y 31 72 13.3
10 10.5 Aug. 16 88 14.6

Average 10,57 71.5 13.83



Tab1e 9. Eva1uation of youngest leaf spotted on "medium" and "tall" plants and
leaf spot intensity on leaf No. 7 of p1ants with ribbon being harvested
the first week.

Med ium P1ants Ta11 Plants Shot Plants
No. No.

youngest % youngest % Av.
leaf spotted leaf spotted grade % #7 leaves in grade

Date spotted <8 spotted <8 leaf #7 1 2 _3_ 4

Mar. 9,10,12 5.9 100 7.6 50 2.2 40 16 28 16
22 6.3 100 7.6 48 2.9 10 32 20 38

Apr. 10 7.0 78 8.3 14 3.0 6 30 22 42
23 6.9 80 8.6 10 3.1 10 24 12 54 I

N

Hay 6 7.0 78 9.0 6 2.8 12 26 30 32 V1
1

21 7.6 40 10.1 O 1.7 54 24 14 8
June 4 7.4 58 10.3 O 1.7 54 26 14 6

18 7.7 34 11.5 O 1.4 76 12 8 4
Ju1y 6 7.7 32 10.5 O 1.1 92 6 2 O

20 7.7' 30 10.1 O 0.8 74 2 O O

Aug. 18 7.7 44 8.8 2 0.9 89 O O O

Sept. 2 7.3 58 8.7 2 0.9 98 O O O
16 7.5 52 8.8 4 1.0 96 4 O O
30 7.8 32 9.5 O 1.1 86 14 O O

Oct. 15 7.9 28 9.7 O 1.0 100 O O O

Nov. 1 7.1 80 9.7 4 1.4 66 26 8 O
15 7.4 58 8.7 2 2.1 12 70 18 O
29 6.6 98 8.0 22 2.0 2 96 2 O

Oec. 13 6.3 100 7.7 38 1.9 8 90 2 O
29 7.5 50 9.1 2 1.1 88 12 O O-

Jan. 12 7.0 92 8.2 6 1.1 92 8 O O
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then at 580 F. One box had 2, 1 and 3 fingers of 3 hands respectively ripen-
ing at 15 days. The plant from which this fruit came had seven leaves at har-
vest: 4 in Category 4 and 3 in Category 1 with an average index of2.7. The
caliper grade was 14. All other boxes completed 21 days with ~o ripes and
turnings.

These data support previous studies showing that fruit from plants sev-
erely diseased will carry at least 2 weeks, provided most of the spotting de-
velops after shooting. (DICKSON, STOVER)

Rapid removal of fallen leaves and leaves wrth more than 25% of the area
with spotting should reduce amount of inoculum being produced and improve dis-
ease control. In Decembero1975 an experiment began in Indiana Farm to deter-
mine the effect weekly deleafing and deleafing to 9 leaves at shooting would
have on black Sigatoka incidence. The two treatments consisted of:

Six randomized blocks (1-2 sections each), hanging leaves removed
with a machete once every two weeks, standard deleafing for fruit
spot spray and scar prevention.

DELEAFED: Six randomized blocks (1-2 sections each), all hanging leaves, any
leaves burnt with leaf spot, and all leaves except nine at shoot-
ing removed with a knife on a pole weekly.

Rate of infection (youngest leaf spotted) was evaluated every two weeks
on ten non-fruited plants and leaf spotting intensity on ten plants about to
be harvested in the center of each section.

The layout of the experiment and rate of infection for the different
treatments are shown in Figure 8. Data on rate of infection and spotting
levels show no difference between treatments on unshot plants (Table 10).
There are 51 ightly fewer leaves with Category 2 (6-15% of leaf areaspotted)
spotting in the deleafed treatment (Table 11). (STOVER, DICKSON, OYUELA)

Oistribution in Southeast Asia and Probable
Origin of Mycosphaerella fijiensis

Patterns of detection and distribution of Mycosphaerella musicola and Mo
fijiensis (including the varo difformis) in Southeast Asia and the Pacific
Islands were studied (Figure 9). The data indicate a center of origin of
fijiensis in the New Guinea-Solomon Islands area. From there the pathogen
was carried, most 1ikely in scale leaves on sword sucker rhizomes or in leaf
trash, to Taiwan, Phil ippines, some of the adjacent islands in Indonesia,
and most of the South Pacific Islands. Hovement into Fij i, Hawai i, Phil ip-
pines, and Southern Malaya has occurred probably within the past 30 years.
M. musicola still predominates in most of Indoncsia including Java and
Sumatra, the Island of Borneo, and on the Asian mainland, cxcept in Southern
Malaya. Wherever fij iensis has invaded areas occupied by musicola, it has
replaced the latter as the dominant banana leaf spot. (STOVER)
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(.

%"..-. Average age leaves
"'¿~ youngest % spotted in spotting

leaf spotted 1eaves <8 category 1 ••••••.•...•..~..~0-:-:-:
<"-:~~

Control Sections 7/11 7.9 38 42
No Deleafing 9/13 9.4 6 27

16 7.9 39 41
19/14A 9.5 5 26
22 7.6 52 41
26/27 7.6 49 42

Average 8.3 32 37

Deleafed Sect ions 8/10 9.5 5 25
5/12 7.8 46 42
14/15 9.4 6 26

..-:-:--. 17/18 7.8 41 40:.:.':.;.
~¡;.

;:::'-.\ 20/21 7.8 42 41~:;:;:
roe::, 24/25 7.5 50 43®~.
"~;'-:..

8.3 36Average 32

,- * Deleafing began in December 1975; data shown is for non-shot plants..~ re-
:~.:~:: corded fortnightly bet\'Jeen Hay 10 and September 27, 1976.•.•.....~
f!~;::.
':-.';" 1:--;': Up to 5% of leaf spotted.arca



Tab1e 11. Effect of deleafing on b1ack Sigatoka incidence
at harvesting grade*.

Average No. % spotted % of 1eaves % of 1eaves
of youngest 1eaves in spotting in spott ing

leaf spotted 8 eategory 1,'.,o, ea tegory 2".,0,
t:

No De1eafing Seetions 7/11 5.0 97 62 0.3 '.::
;.".::~-.

9/13 5.5 95 56 1.0
16 4.6 100 62 3.0
19/14A 6.0 97 51 1.1
22 5.4 97 48 7.3
26/27 5.3 95 56 2.4

Average 5.3 97 56 2.4

De1eafed Seetions 8/10 5.7 95 54 0.8
5/12 4.9 100 63 0.3
14/15 6.1 97 50 1.6
17/18 4.4 100 62 2.3
20/21 5.6 100 52 4.8 -
24/25 4.9 100 58 - 0.7

Average 5.3 98 56 -1.7 "..

..:~De1eafing began In Deeember 1975.
';'~it~ 1 = Up to 5% of Jeaf area spotted.

2 = 6-15% of 1eaf area spotted. (~':.;.
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Figure 9. Present known distribution of Mycosphaerella fijiensis and Mycosphaerel1a
musicola in Southeast Asia. M. fij iensis is indicated by sol id rines and
H. musicola by x.
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Figure 11. Positions on banana 1eaves utilized for monitoring Benlate
quantities and distribution.



aliquot of the fungicide-ethyl acetate solution was then spotted on paper
filter discs (14 mm in diameter) and air-dried with the aid of an Oster Air-
jet Dryer. After drying, the discs were placed on POA (Potato-Oextrose Agar) .
previously seeded with spores of Penicill1um expansum. The cultures were
maintained at room temperature for 48 hr before zones of inhibition were mea-
sured and recorded. Five evenly spaced plants were selected across each spray
swath and the experiment was conducted three times. The formulation used in
these applications contained 4 oz Benlate + 0.1% Agral 90 per gal of oil and
was applied at the rate of 1 gal per acre.

The micronairsystem used in this experiment consisted offour units
mounted on a Piper Pawnee. Three of the four units.were e.quipped with 30
mesh screen on the cages, whereas the other unit was equipped with 20 mesh
screen. These micronair units were equipped with 3~5 in blades (cracked and
chipped) which were adjusted to a 400angle on the inboard units and a 50°
angle on the outboard units. These angles permitted a rotating speed of ap-
proximately 4,000 RPM for each unit. The inboard units were 10cated 50 in
(right side) and 49 in (Ieft side) from the fuselage, providing a total dis-
tance of 131 in between the inboard units. The outboard units were 1úcated
85 and 86 in from the inboard units on the right and left side, respectively.
All units were centered with the lower edge of the wings and leve1 with the
plane of the lower wing surfaces. All unjts were 10cated 6.25 in behind the
wing. All micronair app1 ications were made at an airspeed of 90 mph and from
an altitude of 65-70 ft above the ground. A pump pressure of approximately
40 psi and an 80 ft swath were used. The nozzle system used in this experi-
ment was mounted on a Bell G2-A he1 icopter. This equipment conformed the spe-
cifications noted in Figure 10 and Table 12. with the exception of altitude.
All appl ications from the nozzle system were made from an altitude of 100 ft
above the soil surface.

No significant differences were observed in the quantity of Benlate de-
posited within the canopy in general when the micronair and nozzle systems
were compared (Tab1es 12 and 13). However, more fungicide w~s deposited
within the canopy when appl ied with the nozzle system (Figures 12 and 13).
In contrast, when sI ides were brought from Guatemala, sprayed with a Snow
aircraft with Micronair AU 3000 units, the results showed that the Bananera
application of approximately 3.6 oz Benlate per acre was superior to the
Honduras application of 4 oz per acre. The average quantity of Benlate de-
posited was 24% less in Honduras (2.2 x 10-7 9 per 69.4 sq cm) than in Bana-
nera (2.9 x 10-7 9 per 69.4 sq cm). These differences are probably related
to the much older and poor1y maintained Micronair units on the Piper Pawnee.

Variabil ity, in general, in Honduras Division app1 ications was greater
within the canopy under micronair app1 ication than under nozzle app1 ication
(Tables 13 and 14). This variabil ity may be attributed, in part, to the
lighter coverage obtained in the center of the micronair appl ication swaths
(Figure 14).

Adequacy of coverage was statistically the same when both systems of
spraying were compared within the canopy. However, a higher average percent-
age of adequate coverage was general1y noted in nozzle system appl ications
(Table 15). Adequacy of coverage is defined as 314 sq mm of inhibition area
in the bioassay test.



Table 12. Spray equipment specifications for Bell G2-A hel icopters
used in the aerial spray appl ication experiments.

0.5 g.p.a. oil and
0.5 g.p.a. water

Outboard booms 4-03-23
22-03-25

10-D3-23
12-D3-25

First nozzle 2-1/2 inches from
tip of outboard boom, remainder
spaced 12 inches apart; center
boom 14.8 inch nozzle spacing
beginning 6-1/2 inches from tipo

First nozzle 2-1/2 inches from
outboard boom tip, then spaced
14 inches apart; center boom
24-inch nozzle spacing begin-
ning 6-1/2 inches from tipo

Swath width
Speed
Height from ground
Spray pressure
Gallons per minute

100 ft

60 m.p.h.
70 ft

100 psi
11.5



Table 13. Spray distribution within a banana eanopy as app1ied
by aireraft using two different spray systems.

Area of inhibition Coeff ie ient of
Position of sam)le zones (mm2) variabil ity (%)

within canopy NozzleZ Mieronair Nozzle Micronair

Candela 285.2 ef 230.0 f 35.6 26.0
A 458.6 abcde 361.2 def 27.3 47.0
B 427 .4 bcdef 272.2 ef 23.7 37.6
C 628.0 a 477.6 abcde 16.6 32.3

5 A 521.0 abcd 576.8 abc 23.6 18.2
B 593.0 ab 454.6 abcde 17.2 29.1
C 525.0 abcd 413.4 bcdef 13.5 25.2

L A 411.4 bedef 282.2 ef 19.8 29.3
B 511.4 abcd 339.6 def 20.2 27.7
C 397.2 cdef 279.8 ef 36.3 19.9
x 475.8 368.7

The numbers refer to leaf number on the plant and L represents 1eaves 7, 8 or
9; the letters A, B and C refer to the samp1 ing sites at the leaf tip, middle
and base, respectively.

2 The nozzle and micronair systems were used on a he1icopter and an airp1ane,
respectively; each statistic represents the mean of 15 samples taken from
five evenly spaced plants (across each swath) in th~ee tests; numbers fol-
10wed by similar letters are not significantly different at the 0.01 leve1
(Ouncan's Multiple Range Test); the inhibition zones were determined by bio-
assay with Penicillium expansum.
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Table 14. Spray distribution within the banana canopy as appl ied
by aircraft equipped with two different appl ication
systems.

Area of inhibition Coefficient of
Leaf sampled zonesl¡ (mm2) variabi 1ity (%)
within canopy Nozzlel Micronair Nozzle Micronaír

Candela 285.0 e 228.2 e 35. 1 25.8

Leaf 496.8 abc 361.0 cde 11.9 28.0

Leaf 5 550.2 a 462.0 abc 10.0 17.5

Lowest leaf2 450.8 abcd 298.4 de 16.4 22.7

Under-canopy3 526.4 ab 364.8 cde 17.9 35.0

Each statistic is a mean of 45 samples taken from three swaths in three
tests; mean of candela is from 15 samples and mean of under-canopy is
from ten samples; numbers fol1owed by similar letters are not signific-
antly dífferent at 0.01 level (Ouncan's Multiple Range Test).

2 Samples obtained from leaf 7~ 8 or 9.

3 Samples obtained at soil surface at the mat base.

4 Inhibition zones were determined via bioassay with Penicill ium expansum.
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'.Table 15. Pereentage of adequate eoverage within the banana eanopy

as appl ied by two spray systems.

¡.
lo••••

Position of Mean percent~ge of Coefficient of ·Csample within adequate coverage3 variabil ity (%)
eanopy2 Boom-nozzle Micronair Boom-nozzle Micronair l.:.

1 1:·

Candela 33 c 33 e 60.83 86.03
A 67 abc 47 abe 45.23 53.02
B 73 abc 40 e 25.56 113.25
C 93 a 80 abc 19.03 28.09

5 A 73 abc 87 a 25.26 25.48
B 73 abc ?O ab 37.31 35.57
C 67 abe 67 abc 0.00 34.29

L A 73 abc 53 abe 25.56 47.62
B 80 abe 60 abc 28.09 62.90
C 53 abc 40 be 22.72 61.27

Each statistic is a mean of 15 samples from three tests; numbers with similar
letters are not significantly different at the 0.01 level using Duncanls Mul-
tiple Range Test.

2 The number refers to the leaf number and L represents leaves 7, 8 or 9; the
letters A, B and C refer to sampl ing sites at the tip, middle and base of the
le?f lamina, respectively.

3 Adequate coverage was determined by bioassay and was defined as samples having
314 sq mm or more of area in the inhibition zone (determined by bioassay with
Pen ic i 11 ium expansum).



Weather conditions during these experiments were noted and recorded.
The data showed more Benlate was deposited within the canopy at 68-74° F
than at 78° F (Table 16). This may be the result of oil evaporation from
small droplets at thehigher air temperature, or the result of an increase
in air turbulence which can cause virtual suspension of the small droplets
(less than lOOp in diameter) in the air, thus being more subject to in-
creased desiccation and drift.

Relative humidity plays a role in droplet 10ss, particularly.in emulsion
sprays and should be included in later studies. Also, more accurate tempera-
ture and wind velocity measurements must be developed in order to acquire
meaningful data on the effect of atmospheric conditions on spray efficiency.

In the ascospore germination tests, normal germination occurred on 7.7%
of the leaf samples. Over 50% of these sampl ing sites.had inhibition zone
areas of less than 314 sq mm according to the bioassay tests. Normal germin-
ation on leaf samples taken at random prior to spray appl ication in each area
averaged 41% and occurred on 93% of the samples. Unsprayed control from
Guaruma 11, Section 38 had a normal germination rate of 86% with 100% of the
leaf samples displaying normal germination.

As noted earl ier, the nozzle system in Honduras and the micronair sys-
tem in Guatemala were superior to the micronair-equipped Pawnee used in Hon-
duras. These studies show that good maintenance of spray equipment is neces-
sary for optimum spray appl ication efficiency. Additional studies will be
made with new Micronair-equipped aircraft now in service in Honduras.

A Comparison of Two Ultra-Low Application Rates. As a result of more
fol iar bronzing, an experiment was initiated to determine differences, if any,
between rates of 0.75 and 1 gal of oil per acre.

The equipment util ized and all specifications were as noted (Figure 10
and Table 12), except spraying was done from an altitude of 100 ft. The
spray contained 4 oz Benlate (or 2 oz Benlate) + 12 oz Dithane M-45 + 0.1%
Agral 90 per unit volume of oil per acre. The rate of Benlate appl ication
(4 or 2 oz per acre) was the same within each experimento Spray samples
were collected at 4-6 ft intervals at the soil surface across each swath
on aluminum foil (110 x 110 1TYIl) along the flag-lines. Large glass slides
(100 x 100 mm) were also placed at the foil sampling sites_ The aluminum
foil samples were processed and bioassayed as described earlier in this
section on aerial spray appl ication experiments. The slides were examined
under a microscope for droplet density and size. Droplet density and size
were determined from three randomly selected portions of each 51 ideo Leaf
samples were taken from unobstructed fol iage across each swath for ascospore
germination tests. The weather conditions were as follows:



Table 16. Effect of weather conditions on Ben1ate spray
distribution within the banana canopy.

Position of Weather eonditionsZ
samp1e within A B e

canopyl Mean area of inhibition zones3 (mm2) (-

246 287
::....•

Candela 222
A 423 564 246
B 272 324 437
C 531 607 531

5 A 603 633 423
B 487 702 380
e 598 423 370

L A 398 394 238
B 531 503 308
e 445 437 174
x 453.4 487.4 332.9

...

The numbers refer to the leaf number and L represents leaves 7, 8 or 9;
the letters A, B and e refer to the sampling sites of each leaf lamina
at t.he tip. middle and base, respectively.

2 A = 68° F, overcast, wind velocity - O at canopy 1evel, time of appl ica-
tion was 5:30-5:45 a.m.

B = 74° F. clear, wind velocity - O at eanopy level, time of appl ication
was 5:50-6:00 a.m.

e = 78° F, clear, wind velocity - O at canopy level, time of appl ication
was 6:05-6:27 a.m.

3 A bioassay was used with Penicill ium expansum as the test organism; each
statistic is the mean of 10 samples taken from two swaths; no significant
differences were detected with an Analysis of Variance test.
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: Ga1/ Time of Wind
Tr ial Farm acre app 1icat ion Temperature ve 1oei ty Misc.

..

.~. ~ Ceibita 0.75 5:32 AM (3/6)a 70° F Ob Overcast
-

,-- .. Caimito 1.00 5:50 AM (3/6) 70° F 0.6 mph Overcast_o. (short gusts).'.
t.

-.

2 Tibombo 0.75 6:25 AM <3/29) 68 ° F O C1ear
Omonita 1.00 6:05 AM <3/30) 70° F O C1ear

3 Tacamiche 0.75 6:00 AM (5/5) 73° F O Part1y
r•••. '¡'.:. overcast~:;.;
\:.~..-
f'~:;". 1.00 6: 15 AM (5/5) 73° F O Part1y.~_ ..:~_-. overcast

a Date of appl ication.

b These figures represent measurements at sampl ing sites at approximately 4 ft
above the ground.

Actual gal10nage rates per acre deviated from the proposed rates in some
cases. All measurements of Benlate quantity and drop1et density were adjusted
to correct for this error.

No significant differences in Ben1ate quantity del ivered per unit area
were detected in two of three tria1s, but Benlate quantities were genera1ly
larger in the 1 ga1 treatment (Table 17), and more variation was observed at
0.75 sal per acre. No significant differences in droplet density were noted
and the variabil ity was similar for the rates ""ithin each trial (Table 18).
In two of the three trials, a significantly higher percentage of small drop-
1ets (less than 100¡U in diameter) was observed in the 0.75 gal treatment.
Also, the percentages of droplets 1ess than 200p in diameter were higher in
the 0.75 gal treatment (Table 19). This increase in the percentage of small
drop1ets was possibly the result of a greater concentration of suspended ma-
terials in the spray. Presumably, the greater concentration of suspended ma-
terials in the spray \..¡ouldalso reduce the rate of droplet desiccation, hence
higher percentages of smal1 droplets and no significant differences in droplet
density between the two rates. The higher percentages of small droplets in-
crease susceptibil ity to spray drift, suspension in convective currents, and
droplet desiccation. Thus, the 0.75 gal rate is less desirable because of
the weather concitions normally encountered in Honduras. An increase in drop-
let size probably would not be desirable beca use of possible reduced coverage
qua1ity (distance between droplets too great). A 1 gal rate appears to be
the minimum for good discase control.

Ascospore germination tests indicated an adequate quantity of chemical
was reaching all unobstructed fol iage. Normal spore germinatíon \..¡asobserved
in only one trial (Trial 3) and occurred on only 6% of the samples.



Tab1e 17. Areas of fungal inhibition zones produced by Benlate
spray samp1es taken from two appl ication rates as
monitored at the soi1 surface.

Applicatioh rate
Trial: (gal/a)

Mean area of inhibition1
zones (mm2)

Coefficient of
variabi1ity (%)

0.75
1.00

491 b
866 a

13.1

7.7
0.75
1.00

123m
648 m

13.1

7.7
0.75
1.00

546 x
646 x

17.7
9.0

Trial 1 and 2 received 4 oz Bcnlate + 12 oz Dithane M-4S + 0.1% Agra1 90
per acre and Tria] 3 received 2 oz Benlate + 12 oz Dithane M-4S + 0.1%
Agra1 90 per acre; each statistic is the adjusted mean of 34 or more sam-
ples from two swaths; numbers followed by similar letters are not signif-
icantly different at the 0.01 leve1.



Tab1e 18. Droplet densities observed on glass sI ides exposed to two
appl ieation rates from nozzle-equipped helieopters as mon-
itored at the soi1 surfaee.

App 1iea t ion rate Mean area of inhibition Coefficient of
Tr ia1: (gal/a) zones (mm2) 1 variabil ity (%)

0.75 274.8 a 11. 1
1.00 265.3 a 11.4

2 0.75 222.9 m 32.8
1.00 228.6 m 28.4

3 0.75 144.8 x 20.5
1.00 129.7 x 24.9

Trials 1 and 2 reeeived 4 oz Benlate (Trial 3 = 2 oz Benlate) + l20z
Dithane M-45 + 0.1% Agral 90 per acre; each statistic is the mean of
34 or more samples from two swaths; numbers followed by similar letters
are not significantly different at the 0.01 level.



Table 19. Percent of droplets in five size ranges observed in Benlate spray
with two different appl ication rates.

Mean percent of droplet density*
Range of Trial 1 Tr ia1 2 Trial 3

droplet size Appl ication rate (gal/a)
(f1 ) 0.75 1.00 0.75 1.00 0.75 1.00

0-100 59 a (11.7) 38 b (17.3) 39 9 (18 .6) 25 h (32. 1) 21 op (29.4) 30 n (21.8)

101-200 20 c (21.8) 30 b (23.2) 26 h (21 .9) 20 h i (23.3) 40 m (15.2) 27 no (19.2)

201-300 7 e (43.8) 13 cd (19. O) 9 j k (42.3) 14 ij (20.7) 17 p (14.5) 13 pq (26. 1)
I.e-

301-400 5 e (52.0) 9 de (37.3) 6 k (47.7) 13 ij (36.9) 9 (64.9) 9 q (34.]) CP
I

401+ 8 e (49.0) 10 de (46.0) 20 h i (20.5) 27 h (27.9) 14 pq (32.0) 20 op (35.4)

~I~ Trials 1 and 2 received 4 02 Benlate (Tría1 3 = 2 oz Benlate) + 12 02 Dithane M-45 + 0.1% Agral 90 per acrej
each statistic ís the mean of 48, 34 and 40 samples from trials 1. 2 and 3, respectivelYj the percents were
rounded-off to the nearest percent¡ numbers fol10wed by the same letters are not signíficantly different at
the 0.01 leve1 (Duncan's Multiple Range Test).

( ) Coefficient of variabil íty.
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