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INTRODUCTION

Bananas have never been produced in Puerto Rico in a well-organized
way. The fruit is grown in coffee farms as a secondary cash crop, which at
the same time provides shade for the coffee trees. No organized method of
harvesting is followed, the fruit being generally harvested by visual inspec-
tion, the farmer himself judging the best time for harvesting. The fruit
delivered to ripening plants sometimes does not have uniform ripening
characteristics, which, in turn, results in ripened fruit of poor quality. The
Montecristo banana (Cavendish subgroup of Eumusa) is the type of fruit
generally planted.

With the development of modern marketing systems in which super-
markets handle a large volume of the fresh produce sales, there is need to
improve the quality of bananas to meet the requirements of a more demand-
ing consumer. Furthermore, with the rapid development of the food-proc-
essing industry, there is a strong possibility of processing bananas in the
near future.

In order to supply the fruit to the fresh market and to processing plants,
it is desirable to develop the production of bananas in a more formal way,
applying the techniques used in banana-producing countries to cultivate
and harvest the fruit. As a first step to achieve this goal, the Montecristo
cultivar grown in the Island must be characterized.

This paper describes the results of preliminary studies, conducted to
determine the effect of the time of planting and shooting on the develop-
ment of the fruit and on the yields, the proper stage for harvesting, ripening
characteristics and quality of the fruit. For these studies, no efforts were
made to select any specific clone. Rather, the planting material was selected
at random from a banana-producing farm, so that the experimental plots
would be representative samples of typical commercial plantations with the
normal variation in clonal characteristics. In this way, the bananas as grown
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by farmers are characterized and the results of this work may be directly
applicable to commercial production under existing conditions. ,

Since the study was directed primarily to obtain data on the behavior
and general characteristics of the Montecristo cultivar, the Fortuna Sub-
station on the South Coast was selected to establish the experimental plots.
Being at sea level, with fairly uniform climate and with irrigation, this area
provided better conditions for these studies than the mountainous area
where bananas are produced. ‘

REVIEW OF THE LITERATURE

Bananas have been extensively studied. The literature available on the
history, classification of the cultivars, -cultivation, harvesting, transporta-
tion, storage, and ripening is extensive. Excellent reviews and treatises on
the subject are available such as the works of Kervegant (7)? von Loesecke
(2), Cardefiosa (3), Simmonds (4), and Champion (§). Manuals on ripen-
ing treatments with recommendations of fruit handling and ripening are
also available (6).

Bananas for export are usually harvested about 80 to 95 days after
shooting. Climatic conditions have an effect on the interval from time of
shooting to harvesting. According to Champion (), during cold weather
the fruit may require as much as 180 days for development. The stage for
cutting depends also on clonal characteristics (4).

Wardlow et al. (7) studied the development of the Gros Michel fruit under
tropical conditions. Pulp and peel weights, fruit weights and biochemical
changes were studied during the period of development to the stage of
incipient ripeness on the plant. The weight of the fingers and of the pulp
were found to increase for the entire period of development. The pulp:peel
ratio was found to increase almost linearly. During development, sugars
remained at a low concentration while starch increased rapidly. When the
stage of incipient ripeness was approached, the starch content decreased
and the sugars increased. The carbohydrate content of the different grades
could not be specifically related to maturity. The percentage of dry matter
also increased during the development period. Acidity was observed to de-
crease during the accumulation of starch and to increase when the starch
hydrolysis started.

Simmonds reviewed the effect of unfavorable weather on bananas (4).
In subtropical latitudes, vegetative growth is reduced in winter and bunches
develop slowly. Shooting is also d.elayed. The time for shooting may be de-
layed in the Tropics by high altitude. Weather variations are responsible
for the periodicity of production generally observed throughout the year.

Few studies on bananas have been conducted in Puerto Rico. Gonzélez

s Jtalic numbers in parentheses refer to Literature Cited, p. 306.
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Rios (8) reported on the cultivation of bananas in Puerto Rico and de-
scribed the principal clones found on the Island. The effect of shade on the
yields of bananas grown on the Humid Mountain Region of Puerto Rico
was studied by Vicente et al. (9). Yields twice as high of marketable fruit
were produced under shade than in full sunlight when no control for the
Sigatoka leaf spot disease (Cercospora musae) was practiced. The control
of the leaf spot disease by spray oil schedules based on rainfall data was
studied by Calpouzos et al. (10). :

TaBLE 1.—Planting and shooting dales and characleristics of the flowering
‘ pertod for the 12 plots

Interval from planting Difference

to shooting in days

Date of first between

Plot No. Planting date in?ioi':sc e;z . Stand. carl tf'ist
latest

Range Mean ar :
devia- | flowering
tion plants

. Days Days Days Days
1 Oct. 9, 1963 Sept. 24, 1964 350480 | 409 28 130
2 Nov. 7, 1863 Oct. 7, 1964 334451 | 394 29 117
3 Dec. 23, 1963 Nov. 5, 1964 317-419 371 25 102
4 Jan. 24, 1964 Nov. 10, 1964 290437 353 10 147
b Feb. 28, 1964 Jan. 1, 1965 307437 | 374 30 120
6 March 26, 1964 Feb. 5, 1965 306-424 | 376 31 114
7 April 9, 1964 Feb. 22, 1965 319445 | 388 12 128
8 May 26, 1964 Feb. 11, 1965 261-398 | 319 137
9 June 25, 1964 April 30, 1965 309420 | 353 111

11 Aug. 31, 1964 June 26, 1965 209441 | 366 142
12 Sept. 29, 1964 Aug. 10, 1965 316419 | 359 104

26
27
10 July 29, 1964 June 3, 1865 308421 | 3564 25 113
28
20

EXPERIMENTAL PROCEDURES

Monthly plantings of 100 plants each were established under full sunlight
at the Fortuna Substation on the South Coast of Puerto Rico at the dates
indicated in table I. The planting material, of the cultivar known in
Puerto Rico as Montecristo Grande, was obtained from the Castafier farm
in the Adjuntas Region. The seeds (pseudo-rhizomes) were chosen to be of
similar size and weight, and were planted at a distance of 10 feet x 10 feet.
The corms were peeled and dipped in a 2.5-percent solution of Aldrin to
control the borer Cosmopolites sordidus G. The planting holes were also
treated with the same solution, and the plots were sprayed 180 days after
planting, Fertilizer formula 12-6-10 was applied according to the following
schedule: 1 pound 60 days after planting and 1 pound every 60 days until
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the third application. A fourth application was given 60 days later, or at
the time of shooting, if this happened before the fertilizer application was
due.

To control the leaf spot disease, the plants were sprayed with Orchard-
Spray Oil every 15 days at the rate of 3 to 4 liters per cuerda.? Weeds were
removed as needed. No shoots were allowed to grow until shooting. The
plots were irrigated once a week by flooding the furrows.

Dates of shooting were recorded. Bunches were harvested at predeter-
mined ages measured from time of shooting. The bunches were transported
to the Laboratory wrapped in padded cotton mats to avoid bruising. The
bunches were weighed with the stem attached, but with both the male bud
and its stem cut off close to the last hand. The hands and fingers were
counted. Fingers from the second hand were sampled for chemical analyses
and to determine the weights of pulp and peel. Pulp:peel ratios were cal-
culated from average weights of pulp and peel.

To study the changes taking place during the development of the fruit,
several bunches were randomly selected and left on the tree until incipient
ripeness was observed. At regular intervals, fingers were removed from the
second hand without disturbing or damaging neighboring fingers. The
wound was immediately covered with hot paraffin. The weights of the fruit,
pulp, and peel were determined. Sugars and starch, pH and acidity, and
the moisture content were determined in the pulp. Results were expressed
on & pulp fresh-weight basis.

To determine the ripening characteristics, the bunches were left over-
night at room temperature and placed in the ripening room next morning.
The temperature of the ripening room was adjusted to 68° F. with a relative
humidity of 95 to 100 percent. After 1 day in the ripening room, ethylene
was a,pplied at the rate of 1 cubic foot per 1,000 cubic feet of room space.
A second ethylene dosage was applied about 7 to 8 hours later. Following
the ethylene application, the room was ventilated with an exhaust fan
through a bunk door for 15 minutes every 24 hours. After turning, the
temperature was lowered to 66° F. until the fruit reached a peel color of 4
to 5, according to the color chart published by the Fruit Dispatch Co. (6).
The average weights of fingers from all hands were recorded. Fingers from
the second hand were removed for chemical analyses. All analyses were run
on the pulp and the results expressed in terms of the fresh-pulp weight.

Starch was determined by the method of Carter and Neubert (11).
Sugars were determined by the method of Moyer and Holgate (12). Acidity,
pH, and moisture were measured by A.O.A.C. procedures (13).

31 cuerda = 0.9712 acre.
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‘RESULTS AND DISCUSSION

EFFECT OF THE TIME OF PLANTING ON THE FLOWERING
AND PRODUCTION PATTERNS

The experiment lasted from October 1963, when the first plot was planted,
to January 1966, when the last bunches were harvested. This period was
characterized by an extreme drought, with a rainfall of less than 2 inches
per month 13 months out of the total of 27 for the whole experiment. The
temperature and rainfall data for the period from planting to harvesting
are plotted in figure 1. It should be noted that flowering started during Sep-
tember 1964, when the maximum rainfall was recorded.

The flowering characteristics of the 12 plots are shown in table 1. Plots
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F1c. 1.—Temperature and rainfall data for the period from planting to harvesting.

No. 1 to 4 started to bloom within a period of 47 days. Plot No. 5 bloomed
52 days later than plot No. 4. Plots Nos. 5, 6, 7, and 8 bloomed within a
period of 41 days. Plot No. 9 bloomed 78 days later than Plot No. 8; No.
10, 34 days later than No. 9; No. 11, 23 days later than No. 10; and No.
12, 45 days later than No. 11. Since the flowering span in all plots ranged
from 102 to 147 days, planting every month resulted in continuous bloom-
ing throughout the year.

The percentage distribution of plants flowering at 10-day intervals for
the 12 plots combined is shown in figure 2. This distribution indicates three
alternate periods of low and high percentage of plants flowering as a result
of the grouping of the plots into definite periods of flowering. The general
shape of the frequency distribution curve approaches that of a normal dis-
tribution.

Figure 3 shows the frequency distribution in terms of the percentage of
plants flowering at 10-day intervals for plots Nos. 1, 2, 3, and 4. The curves
are displaced from each other by the corresponding interval in days be-
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tween the first inflorescence of consecutive plots. Plots Nos. 1 and 2 ex-
hibited similar frequency distributions and with a similar flowering span,
the period of flowering and fruit production almost coincided. Plots Nos.
3 and 4 bloomed within a period of 5 days, and therefore, their periods of
flowering and fruit production also coincided.

Similar frequency distributions for plots Nos. 5, 6, 7, and 8 are shown in
figure 4. The flowering periods of plots No. 5 and No. 6 coincided. Similarly
the flowering period of plot No. 7 almost coincided with that of No. 8.

The frequency distributions for plots Nos. 9, 10, 11, and 12 are shown in
figure 5. Since the interval between blooming of consecutive plots ranged
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T16. 2.—Percentage distribution of plants flowering in all 12 plots throughout
the study.

from 34 to 45 days, each plot stands by itself and each had its production
peak displaced from each other.

Because of the grouping of the plots as indicated, it appears that uniform
fruit production throughout the year would have been obtained also by
planting every other month until the ninth plot, followed by monthly plant-
ings for the remaining three. If the frequency distribution of the percentage
of plants flowering in alternate plots until the ninth, as indicated, and in
consecutive plots from the 9th to the 12th is calculated, the curve in figure
6 is obtained. When this frequency distribution is compared with that of
figure 2, it 18 noted that monthly plantings resulted in a more uniform pro-
duction pattern throughout the year. This is because, although some of
the plots bloomed within a short interval of time, .since the flowering dis-
iribution of all plots exhibited an almost normal distribution pattern, dis-
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placement of the peaks of maximum production smoothes the frequency
distribution curve for the 12 plots combined.

To study the effect of the time of planting on the several attributes
determining the quality of the fruit, two approaches are possible: One alter-
native is to relate the quality attributes to the time of planting; the second
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' Fra. 3.—Frequency distribution for plants flowering in plots Nos. 1, 2, 3, and 4.

alternative is to study the variations in quality in relation to the time of
the year in which inflorescence occurred.

It has been shown that monthly plantings resulted in continuous inflo-
rescence throughout the year, with the flowering span for each plot exceed-
ing a period of 3 months. The time of planting had a direct effect on the
time at which the plots started to bloom, as a result of which a grouping
of the plots into definite periods of inflorescence was observed. Because of
the long flowering span of the individual plots, at any time of the year,
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fruits from several plots will be harvested. Consequently, it seems more
convenient to study the variations in the quality attributes as related to
specific periods of inflorescence, rather than on the basis of planting dates.
In this way all bunches produced from plants blooming within a definite
period can be studied. : g :

In order to relate the changes in the quality attributes studied with the
time of planting and the period of harvesting, the reader is referred to the
following tabulation in which the interrelation of planting, shooting and
harvesting dates are indicated.

Plot No. Date of planting ‘ Dates of shooting Dates of harvesting

1, 2 October 1963 September 1964 to February January to May 1985
November 1963 1966
3,4 December 1963 November 1964 to April 1665 February to July 1965

January 1964
5, 6 February 1964 January to May 1965 April to September 1965
March 1964
7,8 April 1964 February to June 1965 June to October 1865
May 1964
9 June 1964 April to August 1965 August to December 1865
10 July 1964 June to October 1965 September 19656 to January
1966
11 August 1964 June to November 18656 October 1965 to February
1966
12 September 1964 August to December 1965 November 1965 to March
1966

EFFECT OF THE TIME OF SHOOTING ON THE
DEVELOPMENT OF THE FRUIT

To set guidelines to study the effect of the time of shooting on the devel-
opment of the fruit of the Montecristo cultivar, preliminary experiments
were conducted in which a fruit from the second hand of several bunches
were cut at frequent intervals during the development period until the
stage of incipient ripeness. The weights of fruit, pulp and peel were meas-
ured in this way from the same bunch at different stages of development.
The starch and sugar content, pH, acidity, and moisture were determined
on the pulp of the fruit. T

The data from two of the bunches studied aregiven in table 2. The curves
on figures 7 and 8 show that the weight of the .fruit increased with age until
incipient ripeness, the increase in weight being almost linear during the
last stages of development. The pulp content increased steadily with age,
but showed a trend to level-off by the time the fruit started to ripen.

Figure 9 shows the variation of pulp: peel liatio during development. From
an age range of 68 to 125 days, the change in the pulp: peel ratio is linear.
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The test for goodness of fit of the sample regression equation gave a cal-
culated *“¢” value of 14.75 which is highly significant.

Since the fruit reaches full development at the time of incipient ripeness,
the stage of development of the fruit at the time it was harvested was
determined by dividing the pulp content at different age intervals by the
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Fia. 4.—Frequency distribution for plants flowering in plots Nos. 5, 6, 7, and 8.

pulp content at incipient ripeness. The stage of development is indicated
in table 2 as ‘“‘percent development”.

The changes observed in the chemical composition of the fruit during
development follows the same trend of the data obtained by Wardlaw et
al. (7) in the Gros Michel fruit. The starch reached its maximum value
just before the fruit started to ripen after which the starch content de-
creased. The loss in starch exceeded the increase observed in the sugar con-
tent. Wardlaw suggested that the loss of the starch which cannot be ae-
counted for by the increase in the sugars may be due to the loss of earbon
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TABLE 2.—Changes in the phystcal and chemical properiies of the fruit
during development

Sample A
Item Age in days after shooting
84 89 98 104 13 120 127
Weight of fruit—g. 132.50( 138.40( 148.30| 173.40; 198.30( 211.00{ 225.40
Pulp—percent 51.80, 54.80| 57.20| 57.80] 61.10] 61.90| 63.50
Peel—do. 48.20| 45.20| 42.80| 42.20| 38.90] 38.10| 36.50
Pulp: peel ratio 1.06/] 1.21] 1.34| 1.37] 1.57] 1.61] 1.74
pH 6.55| b.55| b5.65| b5.78 5.62 5.50| 5.76
Acidity—g. anhydrous citric 14 .12 14 .16 .18 .18 .16
acid per 100 g.
Starch—percent 34. 45r 33.63| 33.85| 33.55| 36.86| 37.67| 27.74
Reducing sugars—do. .02 07 .10 .10 .10 .06] 0.14
Total sugars as invert—do. .34 .39 .32 .21 .30 .40 0.55
Moisture—do. —_— 72.38| 72.36| 72.13| 73.46| 72.99| 75.00
Development—percent 58.70 61.40) 65.80‘ 76.90] 87.90] 93.80| 100.00
Sample B
80 88 9% 100 109 115 123
Weight of fruit—g. 159.00{ 166.90| 181.20| 201.20| 230.70{ 240.50 268.40
Pulp—percent 52.40{ 54.80( 58.70] 59.00] 61.90] 63.20( 64.80
Peel—do. 47.60, 45.20) 41.30] 41.00{ 38.10| 36.80 35.20
Pulp:peel ratio 100 1.21 1.42 1.47 1.62 1.67] 1.84
pH 5.8 b5.75| 65.76| b6.74| b5.53{ 5.65( 5.70
Acidity—g. anhydrous citric 12| .12 12 .14 .16 14 .16
acid per 100 g.
Starch—percent 35.44 33.32 34.39] 34.59 37.77| 35.41 31.41
Reducing sugars—do. .01 04 — 05| — .02 .02
Total sugars as invert—do. .25 27 .32‘ .18 .21 .22| .30
Moisture—do. — — 71.76| 72.36] 72.22| 72.81] 76.20
Development—percent 59.25 62.19l 67.52] 74.97| 85.96 89.62( 100.00

through respiration. The reducing sugars and sucrose values obtained in
this study are similar to the values reported by Wardlaw. However, the
starch content of the pulp of the Gros Michel fruit studied bv Wardlaw
was around 16 percent, while the starch content of the Montecristo fruit
at a comparable stage of development was about 34 to 37 percent.

During the period of development studied, in which the first samples
were taken at near the ‘“‘three-quarter stage”, a slight increase in total acid-
ity was observed, but there was no change in pH. The percentage of mois-
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Fia. 8.—Variation in the pulp content during the development of the fruit of 5
bunches.

ture in the pulp increased gradually during development. A more abrupt
increase in the moisture content was observed when the fruit started to turn.

In general terms, it can be concluded that the Monteeristo fruit followed
the same course of development as that observed by Wardlaw in the Gros
Michel fruit.

Based on data obtained from a large number of bunches harvested the
following classification was used to grade the bananas. It is based OI,I the
commercial grades (6) judged from the appearance of the fruit and the
plumpness of the fingers.



296 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO

Pulp: peel 1.20 1.20-1.40 1.40-1.70 1.70
Grade Three-quarter Light full three- Full three-quarter Full
quarter
Percent develop- <70 70-80 80-90 >90
ment .

Not all the bunches harvested were within this classification, since it is
well known in the banana trade that the plumpness of the fingers eannot
always be related to the stage of development or the age. This classifica-

1.8 1

1.7

1.6 1

Y+ 0.0146X + 0,0957

PULP:PEEL RATIO

0 70 80 90 100 110 120 130
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F1a. 9.—Variation in the values of the pulp:peel ratio during the development
of the fruit.

tion, however, proved useful to grade the bananas when studying the effect
of time of shooting on the stage of development at harvesting,.

Bunches were harvested at different ages throughout the year and the
pulp: peel ratio was measured from fruits taken from the second hand. The
bunches were grouped according to the range of values for the pulp:peel
ratios shown in table 3. The average age for each group was determined for
each month of flowering. Figure 10 shows the variation in age with the
month of flowering for three groups of bunches with pulp: peel ratio in the
ranges of 1.40-1.49, 1.50-1.59 and 1.60-1.69. All three curves show the same
trend, indicating a direct effect of the time of flowering on the age at which
the fruit reached a definite stage of development. The effect of the time of
inflorescence on the age of the bunch, or the stage of development, is best
seen by following the curve for a pulp: peel ratio of 1.50-1.59. For this stage
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TaBLE 3.—Relation of age and pulp:peel ratio for bunches harvested every
calendar month throughout the year

Pulp:peel ratio
Month of
flowering
: 1.10-1.19 | 2.20-1.29 | 1.30-1.39 | 1.40-1.49 | 1.50-1.59 | 1.60-1.69 | 1.70-1.79
1964
October —_ 98.0 102.0 100.0 110.6 —_ —_—
November — 97.0 98.5 104.0 107.0 109.0 —_
December . 99.0 102.0 105.8 106.0 111.0 110.5 113.0
1865
January — 108.0 103.0 104.5 122.0 114.0 130.5
February — 99.0 105.7 108.0 111.0 115.0 119.0
March — — 93.0 —_ 109.0 113.5 —
April — — _— 104.5 101.0 —_ —
May 107.0 106.5 101.8 99.6 105.0 109.0 102.0
June — 97.0 99.6 100.0 102.0 103.0 102.0
July — 80.0 98.8 97.3 96.8 100.5 97.5
August 99.0 106.0 98.2 99.5 102.9 104.4 105.3
September 96.0 98.5 100.3 102.6 108.7 117.0 —_
October 96.0 89.7 104.0 99.6 102.0 — —
130 PULP:PEEL RATIO
—— 1.40- 1.49
—-— 150~ 1.59
———— 1.60-1,69
120 -

110

AGE AT HARVESTING
Days

100 4
90
T T T T T T T T T
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1964 1965
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Fie. 10.—Variation in age with the month of flowering for bunches with pulp:peel
ratio of 1.40-1.49, 1.60-1.569, and 1.60-1.69.
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of development, the age of the fruit increased reaching a maximum in
January to decrease steadily to reach a minimum in July, and to increase
again from August on. Fruit harvested from plants blooming during Jan-
uary had an average age at harvesting of 122 days, while fruit harvested
from plants blooming during July had an average age of 96 days. At both

points, the fruit was at a stage of development corresponding to “full
three-quarter”.

The data from these expemments suggest that, in order to harvest fruit
at a certain stage of development, the age at harvesting must vary through-
out the year. From a practical point of view, it is desirable to establish the
best age range for harvesting the fruit, so that variations in quality are
minimized. In Puerto Rico, where bananas are sold only in local markets,
and where the distance from farms to ripening plants is no more than 100
mﬂeﬁ, it may be possible to harvest the fruit at a fairly advanced stage of
development. If this is possible, higher yields would be obtained by farmers.

Bunches were harvested at a stage of development ranging from “three-
quarters” to “full” and ripened under controlled conditions as described
under Experimental Procedures. The results of these experiments showed
that the fruit harvested “light-full three-quarters” to ‘“full-ripened” was
satisfactory. Fruit at the ‘“three-quarter” stage was considered toco under-
developed for the local market, and often showed uneven ripening behavior.
Fruit at the “full”’ stage was difficult to handle and, during ripening, finger-
drop and peel-splitting sometimes occurred. For the local market, fruit at
a stage of development corresponding to upper “light-full three-quarter”
to “full three-quarter’” seems to be the most appropiate. Harvesting at
this stage offers the added advantage of minimizing the effect of time of
planting or shooting on the stage of development at harvesting. The curves
in figure 9 show that at the lower stages of development (lower values for
the pulp: peel ratio) there is less variation in age with the time of shooting.
The fruit harvested at a pulp:peel ratio of 1.40-1.49 throughout the year
ranged in age from 98 to 108 days. Thus fruit harvested at an age around
100 days would be fairly uniform throughout the year.

Table 4 shows the starch and reducing sugar content of ripened fruit
harvested throughout the year from the 12 plots at an age ranging from
96 to 106 days. The fruit was ripened at 68° F. for 5 days, at the end of
which all lots had ripened to color 4-5. The starch and reducing sugar values
show that the fruit ripened to nearly the same stage throughout the year.
The fruit always ripened evenly, with green tip at color stage 4-5, with s,
bright-yellow color. Organoleptic evaluation showed that the fruit was of
very high quality. Quality was maintained throughout the year, irrespec-
tive of the month at which the fruit was harvested.
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TaBLE 4.—Reducing sugars and starch conient of bananas ripened to color -

4-65at68°F

Plot No. Age at harvesting! Reducing sugars Starch
Days Percens Percent

1 97 6.43 3.21

2 97 7.28 2.26

3 96 7.28 3.83

4 106 11.54 2.73

5 100 7.72 1.28

6 107 7.79 1.24

7 98 6.33 1.07

8 100 5.62 1.34

9 102 5.15 3.21

10 a6 5.36 1.14
11 96 6.50 2.256
12 103 7.40 2.21

1 After shooting.

TaBLE 5.—Characleristics of the fruit produced by plants flowering during
a calendar month

Month of flowering ha‘:‘;,::é;g Avcgf %;v:hight A"%‘é e ‘::gsht Pulp:peel ratio Fﬁg’c{“
Days Pounds Grams Number
1864
October 103.1 26.0 107.2 1.29 98
November 103.1 28.8 129.4 1.46 99
December 107.6 36.3 141.5 1.40 120
1966
January 106.3 37.7 148.5 1.40 114
February 109.3 37.2 161.1 1.44 100
March 109.3 40.4 164.4 1.54 109
April 102.4 37.7 166.7 1.49 105
May 103.8 35.9 149.6 1.41 106
June 101.9 39.4 174.7 1.67 101
July 97.9 47.7 178.9 1.54 123
August 100.2 4.0 172.5 1.50 117
September 102.7 27.0 144.9 1.46 115
October 100.7 26.8 103.6 1.31 110
1 After shooting.

THE EFFECT OF TIME OF SHOOTING ON YIELDS

To determine yields, the bunches were harvested at similar stages of
development between “light-full three-quarter’” and “full three-quarter”.
The age ab harvesting, pulp: peel ratio, weight of the bunches and fingers,
and the number of fruit per bunch for fruit harvested from plants flowering
within a calendar month, are given in table 5. When the average weight
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of the bunches, the weight of the fingers and the number of fruit per bunch
are plotted against the month of shooting the curves shown in figure 10 were
obtained.

The average weight of the bunches increased steadily from October to
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F1a. 11.—Variation of the weight of the bunch, the weight of the fruit, and the
number of fruits per bunch with the month of flowering.

March, decreased from March to May, increased again reaching a maximum
in July and decreased again reaching a minimum in October. The shape of
this curve indicates a definite relationship to the time of shooting with the
weight of the bunches. If the overall shape of the curve is considered, dis-
regarding monthly variation, it is seen that the weight of the bunches in-
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creased steadily from October to July and then decreased to reach a value
similar to that obtained in October a year before. This same trend was ob-
served in a previous experiment in plots harvested from August 1962 to
October 1963.

A similar pattern of variation is observed in the average weight of the
fingers (fig. 11).

The average number of fingers per bunch changed in a cyclic way during
the year, and does not follow the same pattern of variation with the month
of flowering as did the weights of the bunches and fingers (fig. 11).

When all bunches harvested from plants blooming within a calendar
month are combined into three groups according to their weights, the data
shown in table 6 are obtained. Plotting the data for the groups with the
minimum and maximum weights against the month of inflorescence results
in the curves in figure 12. The percentage of bunches weighing less than 35.1
pounds decreased steadily from October to July, to increase again in Au-
gust. The percentage of bunches weighing more than 40 pounds increased
steadily to July and decreased in August. The percentage of bunches
weighing from 35.1 to 40.0 pounds showed much less variation with the
time of shooting.

CHARACTERISTICS OF THE FRUIT HARVESTED

The variations in yields and quality attributes of the fruit as related to
the time of shooting has already been discussed. Since this study lasted
for over a year, it seems pertinent to consider the overall quality of the
fruit produced during the period.

Although the average weight of the bunches was found to vary with the
time of shooting, the weights of the bunches harvested from plants flower-
ing within a calendar month varied within wide limits. However, when all
bunches harvested from the 12 plots are grouped according to their weights,
the frequency distribution curve has a shape similar to that of a normal
distribution. In the tabulation which follows, the percentage distribution
of the bunches harvested grouped by their weights is given. This distribu-
tion is based on 511 bunches harvested throughout the year.

Weight range in pounds Percent
<20.0 5.6

20.1-25.0 9.0
25.1-30.0 15.0
30.1-356.0 16.0
35.1-40.0 18.5
40.1-45.0 11.0
45.1-60.0 10.5
50.1-55.0

6.0
65.1-60.0 4.5
60.1-65.0 4.0
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Approximately 70 percent of the bunches harvested weighed from 25 to
50 pounds.

From the standpoint of the welght and number of fruits per hand, the
bunches are fairly uniform. Table 7 shows the weight of the different hands
and the number of fruits per hand, from bunches of the weight ranges in-
dicated.

TABLE 6.—Percenlage of bunches wezgﬂing Jrom less than 20.0 lo 35.0;
86.1 to 40.0; and from 40.1 lo 65.0 pounds, harvested from plants
Jlowering within a calendar month.

Percentage of bunches within weight range indicated
Month of flowering - :
20.0-35.0 35.1-40.0 40.1-65.0

1964 -
October 83.3 16.7 —
November 756.0 17.2 7.8
December 45.0 18.3 36.7

1965 _
January 52.2 26.0 21.8
February 43.4 43.3 13.3
March 50.1 14.3 35.6
April 36.9 36.8 26.3
May : 58.5 4.9 36.6
June ; 36.2 16.6 47.2
July 5.6 , 17.2 77.2
August 18.7 18.8 62.5
September 42.0 16.0 42.0
October 96.2 — 3.8

In the tabulation which follows, the percentage of bunches with the num-
ber of hands indicated are given. About half of the bunches harvested had
7 hands, 42 percent had 6 and 8 hands, and only about 3 percent had 9
hands. |

Number of hands Percent bunches
6 17.1
7 54.9
8 25.2
9 2.8

From the standpoint of export fruit, the bananas harvested are of low
grade mainly due to the high percentage of bunches with 7 hands. However,
for the local market or for processing the fruit was considered to be very
good.

In the previous tables the characteristics of the fruit harvested were
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arranged by the month in which shooting ocecurred. The data have been
rearranged to group the fruit by the month in which it was harvested. The
rearranged data are shown in table 8. The highest yields and fruit of the
best quality from the standpoint of fruit size and weight, were harvested
during the autumn. This can be attributed to the fact that during the
month preceding fruit set, the most favorable weather conditions prevailed,

100 +
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Fic. 12.—Percentage of bunches weighing from less than 20.0 to 35.0 pounds and
from 40.0 to 65.0 pounds produced from plants flowering monthly from October 1964
to October 1965.

with an average temperature above 80° I°., which according to Simmonds
(4) is satisfactory for banana production.

SUMMARY

Twelve monthly plots of the Monteceristo cultivar were established at
the IFortuna Substation on the Southern Coast of Puerto Rico. The time
of planting was found to affect the interval from planting to shooting, re-
sulting in a grouping of the plots into 6 periods of flowering. The length of
the flowering period for all 12 plots ranged from 102 to 147 days. Bunches
could be harvested continuously throughout the vear.

The time of shooting had a direct effect on the development of the bunch.
The time required for the bunches to reach a definite stage of development
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TABLE 7.—Weight of hands in pounds (A) and number of fruits per hand
(B) for bunches harvesied, grouped according lo their weighis in
pounds as indicaled

Weight ranges of bunches
Hand No. 20.0-25.0 25.1-30.0 30.1-35.0 35.1-40.0 40.1-45.0 45.1- 0.0 50.0

A B A B A B A B A B A B A B
1 3.511215.5118(6.5]19({6.8122|17.3119(7.411919.6|22
2 49(1714.2116(6.5|115(5.5(17|5.56|15]|7.9|20]7.4] 18
3 3.211213.8{14(4.815(6.111815.1]115(17.0|17 6.9 16
4 3.211213.6|15(4.5(14|4.811514.5(1415.9|116| 6.3 ]| 16
5 3.311313.3(14(4.1 ) 14)14.6(15(4.2114]15.5]155.5|15
6 2811313.1(13(3.6)14[4.0{14|3.8|1415.1115|5.1]|15
7 2.411212.56(13(3.1 (13 (3.4113(3.1[12]|4.514 | 4.6 14
8 -] -] =] — | —13.2113| — | —]4.2|14)|13.9| 14

TABLE 8.—Characteristics of the fruit harvested at the month indicated

Month harvested [Age at harvesting Avc:;'? ‘:n‘l‘;:'i:igm A;Z';agﬁlf:ﬂlt Avex:;gfti_:i'gight Pulp: peel ratio
Days Pounds Number Grams
19656
January 101.8 28.0 94 125.0 1.28
February 99.7 25.3 96 114.5 1.35
March 105.6 32.6 105 139.6 1.48
April 106.1 37.7 113 145.5 1.44
May 104.4 38.0 99 170.5 1.45
June 110.2 38.0 103 157.9 1.52
July 105.6 37.5 107 156.0 1.49
August 160.6 39.8 122 163.9 1.63
September 101.8 40.1 105 166.4 1.45
October 96.8 44.7 117 174.8 1.58
November 101.6 46.1 119 177.2 1.56
December 100.0 35.1 109 144.2 1.37
1966
January 103.9 19.4 111 113.4 1.37

decreased from the flowering of October to that of July of the following
year, to increase again from August to October.

Changes in the weight of the fingers, pulp content, and in the values of
the pulp:peel ratios were studied by harvesting fingers from a number of
bunches which were left on the tree until incipient ripeness. A continuous
increase in all three attributes were observed during the development period.
The changes in carbohydrates, acidity and pH, and moisture were deter-
mined during the development period.
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The time of flowering had a direet effect on the yields. Both the weight
of the bunches and of the fingers harvested from plants blooming from Octo-
ber to August of the following year increased, reaching a maximum in July,
to decrease again reaching a minimum in October. The number of fingers
per bunch varied in a cyclic way throughout the year.

The weight of the bunches harvested from all plots ranged from less
than 20 to more than 60 pounds. The highest percentage of bunches har-
vested weighed between 35 and 40 pounds. The number of hands per bunch
ranged from 6 to 9, with the highest percentage of bunches having 7 hands.

The fruit harvested from all 12 plots was of good quality, ripening evenly
to a bright-yellow color.

RESUMEN

Se llevd a cabo un estudio para determinar edmo se comporta el guineo
Alonteeristo cuando se siembra mensualmente durante un afio. Estas
siembras experimentales se establecieron en la Subestacién de Fortuna en
la Costa Sur de Puerto Rico, al nivel del mar y sin sombra.

La época de siembra tuvo un efecto directo sobre el intervalo de tiempo
que transcurrié entre la siembra y la florecida. Varias siembras florecieron
casi a la vez, lo que resultd en la agrupacion de las siembras en 6 periodos
de florecida. Los periodos de las florecidas de las siembras se extendieron de
102 a 147 dfas. Debido a lo extenso de los periodos de las florecidas, se
produjo fruto todo el aiio.

Se estudié cémo varidn el peso de la fruta, el contenido de pulpa v la
cascara y la razén de pulpa a cdscara durante el desarrollo del racimo. Para,
estos estudios, se dejo el racimo en la mata y se removieron las frutas para
an4lisis, a intervalos frecuentes. También se estudiaron la variacién en el
contenido de azdeares y almidén, en ¢l pH y la acidez, y en la humedad de
la pulpa de la fruta. El peso de la fruta, el contenido de pulpa y los valores
para la razén de pulpa a edscara aumentaron en forma casi linear durante
cl periodo de desarrollo del racimo.

La época de la florecida tuvo un efecto marcado sobre el desarrollo del
racimo y de la fruta. El tiempo necesario para el desarrollo del racimo hasta
un grado determinado, disminuyé desde la florecida de octubre hasta la de
julio del préximo afio, para luego aumentar desde agosto hasta el préximo
octubre. ,

La época de la florecida tuvo también un efecto directo sobre el peso del
racimo y de la fruta. El peso de la fruta y del racimo aumentd progresiva-
mente desde la florecida de octubre hasta la de julio del préximo afio, para
luego disminuir hasta llegar a un minimo durante el siguiente mes de
octubre.

] peso de los racimos cosechados en el experimento fluctu entre menos
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de 20 libras y méds de 60. El porcentaje major de los racimos cosechados
registré un peso que fluctué entre 35 y 40 libras. El nimero de manos por
racimo varié entre 6 y 9, pero el mayor procentaje de los racimos cosechados

tenia 7 manos.
La fruta que se coseché durante todo el aiio fue de muy buena calidad y

maduré satisfactoriamente bajo condiciones controladas de temperatura y
humedad relativa y con la aplieacién de etileno. La fruta maduré uniforme-
mente y su color fue un amarillo brillante muy atractivo.
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