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INTRODUCTION,

In the year 1911 the national pure-food officials conducted an
investigation to determine to what extent was the suitability of citrus
fruits for human consumption affected by the state of maturity of
the fruit. This was necessary on aceount of the large amounts of
immature citrus fruit with which Florida and California were flood-
ing the market. The outecome of this investigation was the F. I. D.
No. 133, which condemned the use of immature citrus fruit in the
following language:

‘‘There is evidence to show that the consumption of such immature oranges,

especially by children, is apt to be attended by serious disturbances of the diges-
tive system.”’ - .

Acting upon this decision, restrictive measures were adopted both
hy state and national aunthorities against the sale of immature citrus
fruit, and against any attempt to conceal such immaturity, by sweat-
ing or by misbranding or mislabeling, or in any other form which
might deceive the publie as to the real guality of the fruit involved.
The carrying out of these measures required a standard by which
to judge the maturity of the fruit. Such a standard was first set
by Florida as the result of the findings of a commission of experts,
appointed for the purpose, which reported that an orange could be
regarded as mature when ‘‘its chemical analysis would show the
percentage by weight of the total sugar, as invert sugar, to be seven
times, or more, than the weight of the fotal acid, as citrie acid.”
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This was modified by the National Bureau of Chemistry, to read
as follows:

¢¢All mature oranges shall contain not less than eight parts of total solids
to one part of total acid, caleculated as citrie acid without water of eristalization?’’;

And that—

“¢All mature grapefruit shall contain not less than seven parts of total solids
to one part of total acid calculated as citrie acid without water of erystalization.’’

As a result of the restrictive measures above referred to, two
cargoes of grapefruit from Porto Rico were destroyed at the port
of New York by the health officers in charge in 1916, for not reach-
ing the required ratio of 7. Our growers protested, and sent a com-
mission to Washington, to present their claims before the competent
authorities. They were given a hearing by the Bureau of Chemistry
in which arguments were presented by the commission to show that
the standard set might not be applicable to Porto Rican fruit, that
the fruit here might come to maturity before it reached the stated
ratio of 7, and that perhaps it might never come up to this ratio
after all. The chief claim, however, was that the fruit here was
fully matured before the ratio of 7 was reached.

To decide this point, as well as to gather data that might he
useful in cultivating, fertilizing, and handling the fruit, the investi.
gation herein reported was started in 1916 by the former chemist
Mr. W. B. Cady.

Tn 1917 Mr. Cady resigned, and the writer was appointed as his
successor. The problem was immediately submitted to his consid
eration by the then Director of the Station, Mr. W. V. Tower, witl
the request that the work begun by Mr. Cady be continued. How
ever, Mr. Cady’s plan of investigation was never available to th
writer, and all that was found in the records was a mass of dat:
from which to judge the purpose that Mr. Cady undoubted!l
had in mind. The above statement it mot made in any spirit o
c¢riticism. but simply as a candid expression of facts unavoideabl
in a report of this nature which must embody data collected b
two different investigators, and in which each one must hav
his due. From the data at hand the conclusion was reached the
the chief aim was to find out whether grapefruits matured hefm
reaching a ratio of 7, and to study the effect of sweating, an
storing, on the ratio and sugar content of the juice. Beside
there were data to show that an attempt had been made to gain ¢
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insight into the seasonal changes suffered by the fruit, and to cor-
relate these changes with the kind of soil and fertilizers used. These
may not have been exactly the aims sought; but in the absence of
a definite statement as to the real purpose of the investigation, that
is what the data seem to show. %

The data left by Mr. Cady, included the following records: '

1. Measurements of the size of the fruit, and thickness of skin,
weight of the fruit, skin, and juice, and analyses of the juice of
samples taken periodically. The analyses of the juice included de-
terminations of solids in solution, sugar as invert, sucrose, and acid
as citric acid. Also notes on the color of the skin.

2. Parallel analyses of fruit stored without sweating and after
being sweated, on which all the above data were also taken. Besides,
the number of fruits going to rot during storage was ascertained
in each case. : ,

3. Notes on the types of soils on which each tree stood, and
chemical analyses of each soil.

4, Some notes on the fertilizers used, but not enough to be useful
in drawing conclusions. :

5. Tables constructed with the data obtained to show correlations
between the factors compared.

The method followed by Mr. Cady as evidenced from his notes
consisted in having one or two trees set aside in each of a number
of plantations, so that he could go around periodically, (usually
every 15 days from September to February) and pick samples from
each of the trees for his various experiments. Notes were taken on
the type of soil on which the trees stood, and soil samples taken from
around the base of the trees were analyzed. In a number of in-
stances notes about the fertilizer used were taken.

The writer thought that no conclusions as to the effect of fertil-
izers could be drawn from data collected in this fashion, where there
were so many factors of variation involved and decided to drop thai
phase of the project veferring to fertilizers. Rach tree was fertilized
differently, planted on different soil, and wnder different clima-
tological conditions. ‘

The effect of sweating and storing fruit was so clearly shown
by Mr. Cady’s work that the writer did not think it necessary to
conduet any more experiments along this line.

The system of having trees set aside in different plantations and
of collecting samples periodically was continued, and the soils were
analyzed whenever new trees were chosen. Tt was also decided to
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carry out determinations of the content of nutritive ingredients in
the. whole fruit, to gain a general idea of the amount of fertilizer
removed by an average crop of grapefruit under the conditions of
cultivation and types of soils that obtain in this country. By what
has been said it will be evident that all data collected from 1916-1917
was the work of Mr. Cady.

ATMS.

‘With these general ideas in mind, the original plan of investiga-
tion, whatever it might have been, was reconstructed to cover the
following aims. These aims were of course to be attained with tlie
aid of Mr. Cady’s data:

1. To determine whether grapefruit may be considered mature
before it reaches a ratio of solids to acid of 7. :

2. To determine the time of the year when grapefruit reached
a ratio of 7, Mr. Cady’s work having demonstrated that grapefruit
here did come up to this ratio.

3. To find out whether there was any difference among the dif-
ferent varieties cultivated here in regard to the points noted above.

4. To gain some knowledge as to the proportions of fertilizing
ingredients present in the fruit at different stages of its maturation
period.

5. To determine the influence of rainfall on the composition of
the fruit.

6. To find out the influence, if any, of type of soil on any of the
points enumerated.

7. To see whether the soil composition bears any relation to the
composition of the fruit, or to its quality. '

8. To find out the influence of storing and of sweating the fruit
on the ratio, appearance, keeping qualities, weight, proportion of skin
and juice to weight of fruit, sugar content of juice, and, in general,
upon the quality of the fruit as a whole.

“An immense amount of work would be required to arrive at defi-
nite conclusions on any of the points enumerated above. With the
data at hand to date, many of the questions raised may be considered
as definitely settled, while others would require further work, and
changes in the method of investigation to complement the data
obtained. However, as it is not possible to give for the present
more time to this project, all data collected, whether leading to defi-
nite conclusions or not, will be here published, so that they may be
available to any other investigator on the subject who may have
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use for them. This should be taken, then, only as a report of a
work which has not been carried to completion.

For clearness in the discussion, this report will be presented in
two parts. Part T will deal with the changes undergone by the
fruit without any reference to the factors affecting them, and will
take up the first four points enumerated. Part II will be devoted
to a diseussion of the factors, natural and otherwise, affecting the
changes discussed in Part L

PLAN OF THE TNVESTIGATION.

As already explained, there were two lines of investigation indi-
cated by Mr. Cady’s work, which the author discontinued, namely :
the effect of fertilizers, and the effect of sweating and storing on the
composition and quality of the fruit. The former, because it was
not thought possible to arrive at any conclusions with the data ob-
tained, or obtainable under the circumstances,? and the second, be-
cause the point was deemed sufficiently proven by the data at hand.

For the work to be done trees were selected in different planta-
tions in the fruit district along the northern coast. The plantation
owners, of whom a list is given further om, were liberal enocugh to
part with the crop of the tree or trees selected, and from each tree
a sample of ten or twelve fruits was picked every fortnight. These
samples were brought to the laboratory and mnot later than twenty-.
four hours after, subjected to the tests given below.

The trees were so chosen that both clay and sandy soils were
represented. For the season 1917 to 1918 trees of both Marsh’s Seed-
less -and Dunecan were used, but for the following season, 1918 to
1919, only Duncans were selected, as this variety is by far the most
generally planted of all. The triumph variety is very little cul.
tivated. ’

During the season 1917-1918 the following data were taken on
the fruit: ‘

(a¢) Weight of fruit.

(b) Size of fruit.

(e) Thickness of skin.

(d) Weight of skin.

(e) Weight of juice extracted.

(H Solids in solution in Juice.
(¢) Acidity in juice expressed as anhvdlom citrie acid.

1Ng plan for fertilizing the trees systematieally was available, but only netes on the
fertilizors: nsed by the planters themselves on their vespective places, These vavied in
amount, composition and character, and could not, of course, serve asx a basis for any eonelu-
sion.
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No soil analyses were performed during this season, due to lack
of time.

During the season of 1918-1919 the sucrose content, invert sugar,
and total sugar as invert, were determined in addition to the tests
given above. Besides, observations were made on the color of the
fruit, consistency of the juice cells, and taste (whether sweet, tart,
or sour) of the juice.

Soil samples from around the trees used this year were analyzed.

On the samples picked during this season, determinations of
nitrogen, ash, phosphoric acid and potash were made on the whole
fruit. '

METHODS.

The data left by Mr. Cady were taken as follows:

The seasonal variations were observed on samples picked biweekly
from trees set aside for the purpose, as already explained. The data
included all those detailed above, except the nitrogen determinations
and the ash analyses.

The method of sampling followed is described by Mr. Cady in
his notes as follows:

‘‘Beginning September 22nd, we selected an average Duncan tree in eight
different groves, picked twelve fruits from each of these trees at imtervals of
every two weeks as work at the laboratory would permit. These fruits were
brought to the laboratory and analyzed. The groves from which this fruit was
taken ranged from a heavy elay to a light sandy soil.”’

The effect of storing and of sweating was determined by picking
80 fruits from each of five trees every month, dividing these:into
two lots of 40 each, one lot sweated and the other left in natural
condition. Each week 10 fruits of each lot were weighed, measured,
as already explained, and analyzed. This is described by Mr. Cady
as follows: '

““Changes that take place in holding sweated and unsweated fruit.—These
tests were from five different groves. Eighty fruits were taken from each grove
and divided into lots of 40 each. TForty fruits were sweated forty-eight hours
at a temperature of from 90 to 95 degrees Fahr. The other 40 were held in the
laboratory for analysis. Ten fruits were analyzed each week from the sweated
and unsweated lots.”’

Another method used consisted in picking lots of 150 or 200 fruits
and storing the fruit, one-half sweated and the other unsweated.
Samples of 10 fruits were analyzed each succeeding week, and o’
other observations noted made on them.
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Samples of soils in which these trees stood were analyzed as well.

As no deseription of the methods used in the analysis and meas-
urement of the fruit employed by Mr. Cady are available a brief
account of those used by the writer will be given.

METHODS OF ANALYSIS.

Size.—The size of the fruit has been expressed by the figure
indicating the number of fruits packed in a standard box. This
was determined by passing the fruit through cireular holes, and
taking the number corresponding to that through which the fruit
would pass fitting closely.

The dimensions and the corresponding numbers were as follows:

Diameter of Corresponding
Toles in . ) number indicating
inches. - : size of fruit.
B315/16 e B e e 80
40 /16 o o 72
$1/4 e i a e - oo B4
47/16 __ e et e e 54
F 3 e 46
G T8 et r e 36

The contrivance for taking these measurements was found in the
Iaboratory, so that it may be taken for granted that it was used hy
Myr. Cady in taking his measurements.

Thickness of rind.—The fruits were cut across midway between
the upper and lower ends through a plane perpendicular to the axis
of the fruit.

On one of the halves, and at several places around the eircum-
ference, a ruler was laid flat on the plane section, passing through
the center, and the diameter, including and excluding the rind, taken.
One-half the difference between the two diameters was taken as the
. thickness of the rind at that particular point. The average of five
or six thicknesses thus found was taken as the thickness of the skin
of that particular fruit. The average of the thicknesses of all the
- fruits in the sample was taken as the thickness of rind in the sample.

Proportion of rind and juice—The per cent rind and juice were
found as deseribed under juice analysis.

METHOD OF ANALYSIS.

Juice analysis—The fruits were peeled, the peeled fruit ex-
_pressed by hand, and the pulp strained through cheese cloth until
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practically all of the juice had been extracted. This operation was
always, performed by the same person. The fruits were weighed
before peeling and expressing, so that by weighing the skins and
the juice the proportion of each in the whole fruit was easily cal-
culated. The seeds were then separated from the juice, and the
latter submited to the following tests:

Total solids—A tall cylinder was filled to the brim with the
juice, the air bubbles allowed to escape, and a Brix spindle inserted.
The temperature was taken, the Brix spindle read, and the reading
corrected according to the temperature by means of -Spencer’s table
of corrections, The corrected degree Brix was taken as the per cent
solids in solution. From the degree Brix the specific gravity was
found in a table of equivalents.

Acidity.—Ten cubic centimeters were measured off by means of
a pipette into 150 ce. Erlenmeyer flask, 50 ce. distilled water added,
and the whole boiled to expel carbon dioxide. The diluted juice was
cooled, phenolphthalein added as indicator, and titrated with caustic
soda solution so prepared that one cubic centimeter was equivalent
to one-hundredth gram of anhydrous citric acid.

Sucrose—The double polarization method of Clerget was used.
The inversion was accomplished by concentrated hydrochloric acid,
acting on the juice at ordinary temperatures for twenty-four hours.
Hertzfeld formula and table of corrections for the constant were
employed in the calculations.

Invert sugar—School de Hans Method was used.

Total sugar as invert.—This was calculated from the figures for
sucrose and invert sugar.

DETERMINATION OF FERTILIZING INGREDIENTS IN WHOLE FRUIT.

Preparation of the samples—For this work the whole fruit was
quartered, an upper and a lower quarter were peeled and squeezed
for the tests already explained and the other two quarters were
passed without peeling or pressing through a chopping machine. The
fruit was thus converted into a pulp containing skin, juice, seeds,
and all. The whole was then weighed, and dried at 80° to 100° C.,
in a large air oven, and the loss in weight determined. The drying
process was continied until the dried residue could be easily ground
in a mill to a coarse powder. The powder thus obtained, which
resembled ground roasted coffee, was preserved in wide-mouthed
glass jars tightly closed. TIn the samples so prepared, the following
determinations were made:
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DETERMINATIONS.

Nitrogen~—Nitrogen was determined by the regular Kjeldahl
process in 10-gram samples.

Phosphoric anlydride was determined in the ash, by dissolving
in agua regia, and following the volumetric method outlined in bul-
letin 107 of the Bureau of Chemistry, U. S. Department of Agri-
culture.

Potash—Potash was determined in the ash according to the
following method: A portion of ash corresponding to 5 grams
of sample prepared as described above was boiled for one-half
hour with 100 ce. to 150 ee. distilled water. The solution ob-
tained was made alkaline with ammonia and treated with am-
monium oxalate, without filtering. The solution was made to a
volume of 200 ec. passed through a dry filter, and an aliquot
of the filtrate taken. The aliquot was evaporated to dryness after
the addition of 1:1 sulphuric acid, the residue burned to destroy
organic matter and expel ammonia, the white residue taken up
with water, and the solution treated with barium chloride to re-
move sulphates. The precipitate was filtered off, and washed. The
filtrate and washings were received in a silica dish. treated with
perehloric acid, and evaporated on the water bath until white fumes
were given off. The residue was then taken up with 95 per. cent
aleohol, thoroughly washed with aleohol by decantation, passed
through a Gooch ecrueible, washed again in the erucible, dried at
120-130° C. and weighed. ot water was passed through the eru-
cible, and then 95 per cent aleohol, the erucible dried once more
at 120-130° (., and then weighed again. The difference between
the first and second weighings represents the potash as potassium
perchlorate. By multiplying the weight of the potassium perehlo-
rate obtained by 0.340, the actual potash was obtained.t

Ash.—The ash was obtained by burning the material to whiteness
in a muffle furnace, well regulated to avoid loss of alkalis by vola-
tilization.

Moisture—The moisture in the prepared sample was determined
by heating in a flat German-silver dish, to constant weight in an
oven . at 110° C.

Taking into account the moisture content of the prepared sample
and the loss in weight sustained by the sample during the process

' This method was followed because it was very hard at the time to secure chloroplatinie
acid, which would have heen preferred as a precipitant Dy the writer.
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of preparation, the results obtained were calculated backi to the
whole fruit.
ARRANGEMENT OF DATA.

The data will be presented mostly in tabular form, with oc-
casional graphs based on the tables given. The discussion will be
by subjects, taking up each of the points to be proven in succession,
and grouping together all the data necessary to make clear the point
under discussion. In grouping the data appertaining to each sub-
ject, however, they will be presented, as far as possible by seasons.
The method of averages \has been freely used, hut all ficures for
individual cases 'are also given, so that the degree of variation may
be better appreciated.
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NATURAL dHANGES.

By the study of these changes, an effort will be made to deter-
mine the f&llowing points:

1. Whether grapefruit may be considered matured before the
ratio of total solids to acids in solution in its juice reaches 7.

2. What is the time of the year when grapefruit reaches the
aforesaid ratio of 7 under our conditions.

3. To find out whether there is any difference among the varie-
ties eultivated in this country in regard to the points noted above.

4. To gain some knowledge as to the proportions of fertilizing
ingredients present in the fruit at different stages of its maturation
period.

SEASONAL CHANGES OF GRAPEIRUIT.

In order to obtain the necessary knowledge to settle the four
points at issue in this phase of the investigation, it was found
~ mnecessary to find out first of all what changes were undergone by
_ the fruit when left on the tree under natural conditions throughout
the harvesting season; hence, the biweekly analyses of samples
picked from trees selected in different localities representative of
_ the fruit district of the Island. In this study the three varieties of
grapefruit almost exelusively planted in this country received sepa-
rate attention so as to be able to make comparisons between their
respective behaviors. The three varieties referred to are the ‘‘Tri-
umph’’ the ‘“Marsh’s Seedless’’ and the ‘“Duncan”’. Of all, the
Duncan is the most popular, followed by the Marsh’s Seedless, while
the ““Triumph’’ is very little planted.

This work was continued uninterruptedly from September, 1916,
to February, 1919; that is, through three consecutive seasons. Dur-
ing the first season, 1916 to 1917 (work condueted by Mr. Cady),
the three varieties were studied; during the next season, 1917 to
1918, only the ‘“‘Marsh’s Seedless’”” and the ‘‘Duncan’’ received
attention, the writer being convineed that no more data were neces-

15
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sary to judge the ‘‘Triumph,”” while during the last season, 1918
to 1919, only the ‘‘Duncan’’ variety was used, as enough data were
already on hand about the ‘‘Marsh’s Seedless,”” and enough infor-
mation had been accumulated for the purposes of a comparison.
Besides, the Duncan being planted almost universally, was chosen
exclusively for the tests of this year, to simplify matters.

The results of the analyses, by seasons, varieties, and trees, are
given below in tabular form, for each season and each variety sepa-
rately, with proper comments in each case. Upon the facts thus
revealed, conclusions as regards the points enumerated will he
drawn in a further discussion of the data.

SEASON 1916 TO 1917.

Trees were selected in different groves, and every fortnight 10
to 12 fruits were picked from each one of the selected trees. The
samples so picked were all analyzed in the same day and by the
same methods.. These trees were set aside by the owners of the
groves, and no fruits, except the samples, were picked from them.
This gave the investigator the chance to choose his fruits to suit
his ideas. In this instance the fruits were chosen so that they would
be, as far as possible, from the same bloom.

Following will be found a list of the groves in which trees were
selected for the biweekly analyses above referred to, and analyses
of the soils on which they stood.

The discussion as to the relations which exist, if any, between
kind of soil and composition or behavior of fruit, will be deferred
for the present, to the time when this phase of the problem comes
under consideration.

Trees Selected for the 1916-17 Work.

| Tree

SO o oV ‘ner or N g y
Grove Location of grove Owner or Manager (Varioty)
Y TP e POeblo VI)0: ,.onesaarmssspssas MBI s s R s i Duncan
Triumph
VeRA BaJA .. ocuesersnonvavnenens Mr. Duncan

Marsh's Seedles
Duncan
..| Duncan
... Duncan
..| Duncan
.| Duncan

Pueblo Viejo
..| Palo Seco...
..| Trujillo Alto
.. Bayamén ...
.| Bayamoén .. s
.| Pueblo Viejo.. S .| Triumph
Rio Piedras, .. M Marsh’s Seedles
VORR. AN ovrorassisomimn sionamanivas Duncan
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COMPOSITION OF SOIL IN WHICH EACH TREE STOOD.

»

Soil samples were taken from around the base of each tree, and
analyzed with the following results:

Soil taken from near test grapefruit tree in Grove A, March 1917.
“¢Sandy Loam.'’

Reaetion oo Acid,

Insoluble matter .. ____ 85. 66 per cent.
Iron and alumina ... ————————— 9.70 per cent.
Lime o 0.05 per cent.
Magnesia —-._ - ——— None,

Phosphorie aeid_ oo Q.13 per cent.
Potash . R 0.100 per cent.
Nitrogen - . 0. 050 per cent.

Soil taken from near test tree *“Duncan’’ in Grove B,‘ncaa' Vega
Baja, March 7, 1917. Red clay loam.

Reaction _— - Acid.

Insoluble matter- — 77.45 per cent.
Iron and alumina- .. _________.___ 13.40 per eent.
Lime _. - 0.35 per cent.
Magnesia v o Trace.

Phosphoric aeid . ——~ 0.191 per cent.
Potash L 0. 009 per cent,
Nitrogen - - -—— 0.130 per cent.

Soil taken from ncar test tree ** Marsh's Seedless’” in Grove B.
Red Sendy Clay.

Reaction .. -~ - Acid.

Tnsoluble matter . - 81.80 per cent.
Iron and alumina___ - 11.50 per cent.
LiMe e e 0.30 per cent.
MAZNeSIR oo e e e Trace.

Phosphorie acid - - 0,191 per cent.
Potash . 0. 0097 per cent.
Nitrogen 0. 101 per cent.

Soil taken from near test grapefruit tree in Grove L.
““Sandy loam.”’

Reaction Acid,

Insoluble residue -—- 88.21 per cent,
Iron and alumina - 5.70 per cent.
Lime : 0.20 per cent.
Magnesia None. )
Phosphoric acid - 0.181 per cent.
Potash ______ ——  0.039 per cent.
Nifrogen - .. 0. 112 per cent.




18

JOURNAL OF THE DEPARTMENT OF AGRICULTURE.

Soil taken from mear test tree in Grove E, March 26, 1917.

REBCIION, e e e S e e oS e Acid.

Insoluble matter - _________________________ 72.51 per cent.
Tron ‘and AN ceoeanre s 12.40 per cent.
LTS i i s oo s s e e e e R e 6.40 per cent.
MEPHOHIE. oo i imiims s s i 0.47 per cent.
Bhosphorig aeid. . emron e 0. 606 per cent.
Potashy —oce = s - 0.097 per eent.
NIFFOFA womesmrrmpras s nnn s e e 0.168 per cent.

Soil taken from mear test iree in Grove G, March 18, 1917.
' Clay soil “‘very hard.’’

Reaction - ___ e Acid.

Insoluble residve . ___________ 62.60 per cent.
Iron and aluminie coeas oo e 19.92 per cent.
TAME wsogeecwsmsasiarmsnsmssadnam e 0.15 per cent.
MAGHORIE oo vrrt s e B s e s Trace.

Phosphoric; 810 .. cmmommmmmomme e e s 0.331 per cent.
Bofash — co.cesemermo o s e oo 0.174 per cent.
Nitrogen uevscsmsianeson s arpnnccfoe 0:1687per cent:

Soil taken from mear test iree in Grove I, near Bayamén,
February 9, 1917. “‘Sandy loam.’’

BERTION 1o e e Acid.

Ingoluble matber: oo o oo ool o 0 87.49° per cent.
Tron: andEluMing ceesenomncammpame i snnrsn 6.70 per cent,
1. . e N e 0.10 per cent.
MAGTERIE, oo o i s i Trace.

Phosphorie 8010 e ree oo et c e ——- 0.35 per cent.
e T 0. 019 per cent.
NIFOFaN.: cecrmmasrmir et b ar e 0.121 per cent.

Soil taken from mear test grapefruit tree in Grove J, near
Bayamén, March 7, 1917. ‘‘Sandy soil.’’

REABHOR oo et e cmt e e Acid.
Ingslouble matter - __________________ 90. 08 per cent.
Iron and alumina———_________________ 5.70 per cent.
Lime __. i i S S - 0.14 per cent.
Magnesia — None.
Phosphorié aeidcencasrann s e ens o 0.191 per cent.
Potash ____ sz NONE,

NIBPOPON: —odasnmmtiin s s s vam e 0.214 per cent.
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Soil taken from near annual test tree ** Trivmph,”’ Grove K,
‘C Reddish clay soil.’’  Alarch 20, 1917,

Reaetion - S Acid.
Insoluble residwe.. G65.40 per cent.
Iron end alumina . ______________ 19.50 per cent.
Lime _________ e e e 0.20 per cent.
Magnesin . ___ —— — None.
Phosphorie aeid. o ___ 0.1791 per cent.
Potash ______ Trace.
Nitrogen ... - : 0. 168 per cent.

Soil taken from ncar test tre¢ in Grove L, March 26, 1917.
“*Sandy Loam.”’

Reaction w-_______._ —_— e Acid.
Insoluble residwe - 87.11 per cent.
Iron and alumina_ ... 8. 40 per cent.
Lime ol ... 0.20 per cent
Magnesia - : Noze,
Phospliorie acid.. 0.181 per cent.
Potash mw None,
NIIrogen oo oooooooo S 0. 112 per ceut.

Soil taken from near test grapefruit tree in Grove N,
March 7, 1917,

Insoluble residve.. . ___. S$7.94  per cent,
Tron and aluming .. G.40  per eent.
Lime . 0. 30 per eent,
Magnesin oo Trace.

Phosphorie aeid_ .. 0.100 per cent.
Nitrogen .. - e 0. 097 per cent,
Potash o 0. 089 per ceat.

The analyses of the different samples of fruit are presented below
in tabular form for each tree and for each variety.




INDIVIDUAL TREE RECORDS, SEASON 1916-1917.
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TaABLE 1.

Analyses of Fruit (Duncan) from Test Tree, Grove A, Pueblo Viejo.
Lo} = O
28 ‘S bt gu < @ w
o, o o~ = ® - o —~ Do 1 &0 E= o
w0 20 adam = =3, =] - o 0, o = Howu
Date picked ) go Coler *«5%% 3. fﬁw 83 | 38 | <E | o= Ea %E - ogg

o e T = B == —— S= =X =1 =
GE | te Fo5 | 8% | 288 | 82 | 32 | S |g%e| R | g2 | & | 2%e
October 8 i ssnsseeesees| 588 36|G Y %8 | 81.31 | 20.988 87.68| 82 | 1.28 | 64 244 | 4.89| 2.33| 1.047
October (RS R G ..| 575 46| G. Y 5716 56 | 26.450 3850 | 7.8 | 1.39 | 5.5 244 | 4.65| 209| 1.167
OcloBer: 98 | . it arnmani 592 54| G. Y 5716 | 81.74 | 31.968 3887| 80 | 126 | 6.3 2.69 | 4.40| 159| 1.601
November 3 ...... v A el S5 54 | G. Y 982 | 26.41 | 27.270 4380 | 86 | 1.25 | 6.9 310 | 4.16 94| 3.207
November 21 .. 490 54| Y. S 9732 | 25,61 | 26.460 46.65 | 8.1 1.34 | 6.0 310 | 4.89| 1.67| 1.856
December 11 ., % 617 46| Y. G 38 | 29.83 | 28.382 41.83| 82 | 120 | 6.9 269 | 4.40| 1.59| 1.691
February 15 34 541 40| B. Y 174 30.00| 21.640 49.92 8.5 1.25 6.8 3.50 1.89 1.27 2.755
February 22 500 54 | Y. 8 ol 174 | 26,66 | 27.000 53.21| 7.0 | 101 | 6.9 298| 4.40| 1.35| 2.170
Averages for the season..... .| 5508 47 10732 | 29.01 | 26.260.7 | 43,76 | 8.05| 1.247 | 6.455| 2.86| 4.54| 1.60| 1.787
TABLE 2.

Analyses of Fruit (Duncan) from Test Trees, Grove B, Vega Baja.
] ~ O
28 S~ S‘bﬁ [ B2
o o @ = by = = Y 3 3 g9

%0 ) g8z | 2 1) 2 - © |oxB | = -] -z
Take e 8% | £, | Color  |EEE| 8, | S, | 33 | 33 | oF (283 | 85 | z2 | ¢ | oz
] @ C] o oo | 22 | 22 |us b g =
e | BE Fea| 24 | 288 | BB | 32 | S |g%2| 28 | 83| & | g°2
October 6 ecenesoannsionssess| 379 64 | Y. 174 | 2478| 24.216 | 4364 | 85 | 1.38 | 6.1 2933 5.14 2,09 | 1.401
Novembor (8 Lol esirmomenvs 317 64 | G 174 | 26.66| 20.288| 4459| 95 | 1.52 | 6.2 219 | 5.38 3.07 | 0.713
December 29 ... : 406 64 | Y 124 | 2857 26112 50.00| 80 | 1138 | 7.1 3.10 | b5.14 1.62 | 1.614
January .| 466 64| Y 516 | 2946 | 20.824 | 47.82| 7.7 | 110 | 7.0 3.50 | 5.87 2.25 | 1.555
Febroary 18 c:uusisvisss S 684 36 | Y. 174 | 27.03| 24624 | 42.66| 86 | 113 | 7.6 3.67 | 6.60 2.81 | 1.306
Averages for the season......| 450.8 58 8732 | 27.10/| 25.028 | 45.74 | 8.4 1.252 | 6757 | 3.08| 5217 | 2.03| 1517
| |

Nore.—In working with the fruit a system of noting the comparative amounts of coloring was devised. In the charts letters are used to repre-
sent these as follows: G., green; Y., yellow; T. tinge; S., slight; Q., quite. Various combinations are employed.



TABLE 3.
Analyses of ¥ruit (Duncan) from Test Tree, Grove D, Pueblo Viejo.

m o e = 1 =54

) ® & S e °g -1 a -~ |8 e ) , B8

ked i » Col 82c | § =& 3 - 2 | ®n PN @5 2 Ez5

Date picke gﬁ." E‘” olor 22g | $g B, °g 58 ol | 8% 28 | =8 Py 203

Lo =3 Bl 5] g1 Syt — ——— e — = =

B | EG Eo8 | g9 | p=d | 82 | 52 | 32 |E83| A | gz | & |g%e
September 22 (.. ciiiiiiiiieiinnn 560 54 | XY, G avaiuinen 5718 | 28.80 30,240 | 41,08 7.8 1.25 | 6.2 2.69 5.38 257 1.046
October 20 Liiiiiiiiiiiaanaeand| 585 B [Y.8.G.7..... 38 30.84 28,890 2,93 8.6 136 6.9 3.50 5.14 1.52 2,302
December 8 .......c.c.00hveee..| 588 54 ¥ Gouiisianens 5716 | 28,57 29,062 | 42.85 8.9 1.21 7.8 2.6% 5.63 2.82 0.958
Januery I8 ierieiiiiiiiinnnlg BB 541 Y.8.G. 1 . 174 29,63 29,430 | 44,36 8.9 125 71 2.69 5,14 2,83 1,154
Averages for the seeson,,....| 544,56 b4 10782 | 929,43 20403 | 42,79 8.55 1241 6.89% 2.89 5.32 2,81 1.251

&
TABLE 4.
Analyses of Fruit (Duncan) from Test Tree, Grove E, Palo Seco,
g - & 5

[ o &= - ok w a _lws (734 5 N

[ y=R - gfa | 8 =g, g - 2 { %% - ay 5 {Heh

Date picked 53 E" Color 3%% 3& gog " 3 2e -UE 2§E 5 'zéo ;E ° Sgé

b | 28 Ass| 9% | BES | BE | EE | 88 {58 | 22 | §% g |8z

p < B o= & @ ELSE] = z?).u o o g(a &« g = b
September 28 ..., . .....v..0000 | 560 54 5116 | 25,68 20,700 | 29.49 9.3 169} 5.8 3.10 £.87 2.65 1,169
Novembor 8 ..,..ivveeun.... ve..| B85 50 11732} 25,73 83.760 | 37.68 8.8 116 | 7.6 3,50 6.36 2,74 1.277
December 2 ., ... .iiviev....| 701 46 14 22,99 88.246 | 41.00 9.1 110 | 8.3 3,10 6.11 2,80 1.072
January 22 ,.,............. ven| 488 G4 174 28.50 80.912 | 47.85 9.3 128 | 15 3671 5.63 1.84 1.994
" Averages for the season.,....] 599.7 54 932} 25,67 31402 ( 38.88 9.12 1.27] 7181 - 3.34 5.87 2,53 1.320
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TABLE 5.
Analyses of Fruit'(Duncan) from Test Tree, Grove G, Trujillo Alto.

B 3 . e | E |.
Lo o as P ) - 5 — 96 = = .z 8o )
Date picked s o Color o 3 il 30 m g v | a2d | 4 e 1 o by
53 | 52 can | 28 | M2y | 2 [ B8 | mE | gEe | 8& | 3= 2 |e%8
N - T = = an
<* | &= fef| &% | g=8 | 22| g2 | IS (338 58 | 83 | & (&6
September 28 .....coviiiniinannn. 600 46 932 | 21.03 27,600 | 38.45 | 8.8 1.39 6.3 93 5.63 2.58 1.135
November 6 ....... sheais s 450 60 74 26.28 7,000 | 45.08 9.5 1.26 7.5 3.67 5.87 2.08 1.764
December 7 ..ci.iesveessinnesis 498 54 5716 | 30.64 26,892 | 44.70 9.2 1.27 7.2 350 | 5.63 2.01 1.741
January 24 ........ T 530 54 14 31.13 28,620 | 40.81 | 10.0 1.03 9.7 4 6.60 2.4 1.710
Averages for the season....... 519.5 54 9732 | 27.27 27,528 | 42.26 9.37 | 1.287 | 7.578 | 3.565 | 5.953 2.27 1.570
TABLE 6.

Analyses of Fruit (Duncan) from Test Tree, Grove I, Bayamon.

é= x g s | &g

- L

AT @ 8w, | & °3 1 =) o W @ | LS

k) =] = oy = Aon

Date picked g2 | @ Color sE2 g ég‘ So wo = Sg% a8 =8 L 028

55 | 83 Evg| 22 | g3 | s2 | B2 | =5 |S5e| 20 | B0 | & [=Ee

BE | E% Ho= | o4 | g=8 | 8B | 32 | 38 |282| 58 | 33 8 |g#e
eptember 25 . P 516 | 25.53 | 83080 | 41.34| 88 | 120 | 68 | 310 | 5.38| 216 | 1435
ctober 9 . T o 516 | 2917 | 28750 | 3872 | 86 | 120 | 67 | 269 | 4.89| 208 | 1293
October 23 ... L, 9732 20302 | 4347 | 86 | 119 | 7.2 | 269 | 538 | 2.57 | 1.046
November 3 ... Sy 732 20578 | 42338 | 86 | 114 | 75 | 269 | 514 | 233 | 1154
November 21 ... Y. 516 9754 | 41.22, 86 | 1.0 | 7.8 | 269 | 538 | 257 | 1.046
December 8 ... R 716 | 31.07 | 29160 | 4270 | 85 | 1.05 | 81 | 293 | 4.8 | 1.84 | 1592
December 29 . e i 2814 | 25668 | 4235 | 85 | 1.00 | 85 | 2098 | 5.63| 2.68 | 1.138
January 18 . i c ol 932 | 2658 | 30268 | 42.36| 87 | 110 | 79 | 350 | 5.38| 1.76 | 1.988
February 9 . G P 27.90 | 26100 | 4257 | 86 | 1.00 | 86 | 367 | 58 | 208 | 1766
March 9 ~G.T....)| &8 | 2405| Boz2e8 | 4870 | 89 | 108 | 82 | lliliniineeni]iainns o
Averages for the season......| 657 45 10732 | 2759 | 28,9648 | 4251 | 8.64-| 1124 | 7.686| 2.987 | b6.82| 2218 | 1.316
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TABLE 7.

Analyses of Fruit (Duncan) from Test Tree, Grove J, Bayamon.

Date picked

September 22,
Qctober 6.
October 23,
November 3.
November 21,
December 8...
December 29,
January 18....,
February 9..,.....

Mareh 9., 00 L

tedvaean

fruit per

box
Total sugar

Welghtof
Per cent

juice
Solids in
as invert
Cane sugar
vert sugar
to sucrose

juice
to acid

Acid
{citricy
Ratio of
solids
Invert
suger
Ratio in-

B3 = b & ia Tt

BEBELRRSE
[ZEN

= to0n

323

T OO
SR HED A

IS I IO O

b

P e
Lo nT T

e
o R

2 3
-t -
: g8 | 2
Color %_;_35 §.5'.
geg | g4
ST Y A 8 28,33
E D G N 8 30.80
G, 8.Y.T, ., 13732 27.26
G. 8. Y. T, 11732 20.14
G.S. Y. T, ..., 5716 2753
G Y. e, 38 20,38
Yo G 5716 27.86
Y. Q G.7T..... M 29.05
Y. G . 28.81
Y. G. 928,58
28.66
TABLE 8.

of Fruit (Duncan) from Test Tree,

» ’; b
™ o
. A 8 o’ oy ™ = - o o Y e
) \ 5| 8 |52 |8 | T 8,3 e | 2 | 28
Date picked Color ""g‘i%E §£ gg y §§ §§ .?.E -Eé £ § Eo < {:-; § 3‘.’:’:%
Fes| B8 | 28R | B2 | S5 | 3B |g%e| 52 | BE | & | 3%z
September25........... 174 8.2 1.98 6.4 3.08 1.94
Qctober 5. ... iiiiiiienirranan,s 9782 8.7 1.24 7.0 2.69 2.82
October 23,,....... 932 8.9 L.27 1.0 2.50 1.76
November 3, 832 8.6 1.07 8.0 244 2.58
November 21, 7132 9.8 1.43 6.7 3.10 2.89
December 8. 928 7.6 1.00 1.8 2.93 1.35
December 29 . theenue 90 1.156 7.8 3.50 1.76
January 18................ . 171 8.5 91 9.3 3.50 2,74
Averages for the seasoun ., ... 8132 8.6 1.3 3.002 2!

® POOBORND@R
E TIOLOO =N
SIPNOINI RO
A iAarOTeI RO m

=3
<t
LB o ]

O

N, Vega Alta.
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‘From the above tables of individual tree records the averages of
all samples picked on the same date were found, and tabulated as
shown below :

TABLE 9.

Showing the Mean Composition of Fruits Sampled from Eight Different
Groves on Specified Succeeding Dates.

0
g | g | 223
Q= - - = o e B
= & = =
Date picked ) 3 8o %o = St | 58 | =8 o gga
89 o 2e 22 = g5 | Ok | B 1 Bl
= | 8% | B2 | 33| 5 (382 | % | 37 | & | E%%
o - 1
September 25 .,.| 6115 28.06 | 39.42 8.4 1.36 6.2 | 2.98 5.11 2.18 1.36
October 6...... 29.65 | 43.78 85 1.36 5.1 1 2.84 5,24 2.28 1.24
October 24 . . 2860 | 43.48 85| 1.20 6.3 3.05 5.35 2,17 1.40
November 2749 | 43.39 8.7 1.12 72 | 29 4.78 2.17 1.36
November 2 26.27 45.15 8.6 1.19 7.3 3.29 5.40 1.99 2.06
December 2096 | 42.88 9.2 1.14 7.5 310 5.85 2.12 1.46
December 2 27.58 | 44.30 89| 111 8.0 3.38 5.62 2.11 1.60
January 22, 28.39 | 45.13 8.8 1.15 7.6 2.78 541 | 180 1.54
Averages for the| 602.31 28.25 | 43.57 | 8.7 ‘ 1.205 7.23 ' 3.045 I 5.258 ‘ 2.102| 1.44
season

The averages representing the mean composition of the fruil
for each individual tree for the season, have been grouped togethe:
as shown in the following:



TaBLE 10,

Showing Mean Coniposition of Fruit for Xach Tree for the Season.

Duxcan Fruir (1916-1917).

»w
Weight of 2 o Ratlo of
Average g Thickness| paroont | frolt per | Per cent | Solidsin oH Ratio of Invert Total Cun 1t ¢
Grove | welghtin| & of skin in e et & e : tioe opT | solids to avert | sugar as | gENC | (MEERE
grams §§ inches s grams J 3 Eﬁﬁ acld sug invert sug sngc':o:e
<@ e
A 5503 47 5716 29.01 26,269,7 43,76 805 1.247 6.45b 2.86 4.64 1.60 1,047
B. . 450.8 58 174 27,10 25,020,8 44.74 8.46 1,252 6,757 3.08 5,217 2.03 1.517
D 544,56 b4 5716 29,43 29,433 42.79 8.6 1.240 6.895 289 5.32 2381 1.251
E. 599.7 b4 9732 25.67 31,402 38,88 912 1.270 7,181 3.84 5.87 2.63 1,320
G. 519.5 51 932 27.27 27,528 42.26 9,37 1.237 7578 3.565 5.953 2,27 1.570
I.. 657. 45 5716 27.59 28,964.8 42,51 8.64 1124 7,086 2.087 5.320 2.218 1.346
J 584.1 48 1332 28,66 27,996 43,38 891 - 1.316 6.776 3.23 547 2,128 1.517
N 471.6 62 174 27.99 29,008 42,77 8,62 1,166 7.892 3.002 5,438 2,23 1.386
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DISCUSSION OF RESULTS.

A discussion of the figures presented, now follows. The discus-
sion will be by topics and very brief, with the sole purpose of brin-
ging out the salient facts as revealed by this set of tables. Each set
of tables for the different varieties and seasons will be ,successively
taken up in the same fashion, and after each set has been discussed
separately, a general discussion, establishing the proper relations
will be given.

For convenience in the discussion the individual trees will be
referred to in this particular instancé by the letter designating the
grove where they were located.

DUNCAN, 1916-1917.

Size.—See tables. Out of 53 samples picked and measured,
seventeen gave an average size of 46, fifteen sized 54, nine were 64’s
and five were 36’s. The rest were distributed one apiece hetween
sizes ranging from 80 to 40. As seen, the sizes ranged mainly
between 36’s and 64’s, the most common being 46 and 54.

The size of the fruit was not affected in any fixed manner by
the date of picking, within the limits of time set forth in the tables.

Weight—The average weight per fruit fluctuated, naturally, as
the sizes, although it differed even for fruits of the same size. Con-
trary to expectations, higher averages of weights per fruit were as-
sociated with lower contents of juice for the same size of fruit.
Take, for instance, the samples of the trees on grove A, picked on
October 23, November 3, and November 21, all of size 54. Their
percentage of juice increased in the order mentioned, while the
average weight per fruit decreased in the same order, there being
a difference of 102 grams per fruit between the first and last, in
favor of the first. Again in the samples picked from tree B on
October 6, November 3, December 29 and January 18, all of average
size 64, it may be noticed that the second sample, with a higher
juice content than the first, shows a smaller weight per fruit, while
the fourth sample, with a lower juice content than the third, shows
‘a higher weight per fruit. This in spite of the fact that the solids
in juice are higher in the second sample than in the first and lower
in the fourth sample than in the third. _ )

In the samples picked from tree D, all of size 54, the first sample,
with the lowest juice content of all, shows the highest weight per
fruit while the last with the highest juice content of all shows much
lower weight per fruit than the first. The second and third samples,
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with about the same juice content, exhibit very nearly the same weight
per fruit; still, the slight difference there is, is in favor of the fruit
with the lower juice content. In the last two samples, size 54 of
tree G; in the second, third, and fourth samples of tree I, size 46;
in the first four samples of tree J, size 46; and in fact, in prae-
tically every instance where fruit from the same tree and of the
same size are compared, the same relation exists.

It seems, then, that the weight per fruit changes in a ‘direetion
opposite to the juice content, independent of the solids in solution
and of the ratioc. Turning now to the tables of averages (see tables
9 and 10) we find the same relations to exist in a general way.

Taking the weight of fruit per hox, to obviate the differences
due to sizes, we find again that no definite tendency can be detected.

Per cent juice—The general trend of the changes in juice content
is toward an increase as the season advances. In some cases theve
may be a little fluctuation, but there is always a perceptible tendency
to inerease, while in many instances the increase is shown without
interruption. This may be seen from an examination of both the
individual tree records and the tables of averages. (See :tables
No. 1-10.)

In tree A, except for a slight break in the sixth sample, the
figures show an uninterrupted chain of increases, and even the
sample just excepted shows a higher juice content than any of the
first three. The last sample is the highest in juice, and contains
15.83 per cent more than the first, which is the lowest. The average
juice content of all the samples contains 6.08 per cent more juice
than the first sample.

There is some fluctuation shown by tree B, but the general trend
is upward, as shown by the fact that the average of all the samples
‘ecomes up higher than the first by 2.10 per cent.

Tree D shows a practically continuous increase. The same is true
of tree E. Trees @&, I, and J show fluctuations but in every instance
~ the average is higher than the content of the first sample.

It is only in tree N that the tendency to increase is not clearly
shown; however, the last three samples in this tree are higher e‘mh
than any of . the preceeding ones. )

The table of averages shows the tendency of the per cent juice
to increase very plainly. All percentages are higher than the first,
and the average of the last four figures is higher than the average
of the three figures immediately preceeding them, which follow the
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first in succession. Besides, the average of all ficures is higher than
the first by 4.15 per cent. '

It may be stated, then, that the per cent juice increases as the
season advances.

The average for all of the trees for the whole season was 43.57
per cent. (See table 9.)

Per cent skin—No regularity can be detected in the variations
of this factor. However, there is a slight tendency to increase as
shown by the averages of the different trees. The table of averages
(No. 9), on the other hand, shows this item to be rather constant
throughout the season.

Thickness of skin.—The thickness of the skin fluctuates between
somewhat narrow limits. The average for each individual tree is
usually equal to the thickness shown by the first sample, or slightly
less. In general, then, it may be said that the thickness is rather
constant, tending to a very slight diminution as the season advances.

Per cent solids in juice—Out of the eight trees tested the aver-
ages for the season were less than the first figure in three instances,
greater in three other instances and in the remaining 2 samples it
was equal. This makes the solids practically constant. However,
in the table of averages of all trees for the season a slight tendency
to increase is manifested both in the figures given for the succeeding
dates and in the total averages (see table 9).

From the table of averages it may be seen that the lowest aver-
age for any date was 8.4 per cent, the highest 9.2 per cent, and the
total average 8.7 per cent. ,

Per cent acid.—The per cent acid diminishes very perceptibly
as the season advances. In every tree considered the average for the
season for the tree is lower than the content shown by the first
sample analyzed. Not only this, but with very few exceptions all
the figures following are lower than the first. In the table of aver-
ages there is a continued, uninterrupted falling down in the per-
centage of acid, the only exception being the very last figure which
is slightly- higher than the two previous ones. The average of all
the figures given for the different dates is also lower than the first.
There is mo question, then, that the percentage of acid decreases as
the season advances. This shows that as Collison® found out in
Florida, most of the acid, if not all, is formed at the beginning of
the season.

Ratio of solids to acid.—As it was to be expected from what has
been said in connection with total solids and per cent acid, this fatio
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inereases very perceptibly all through the season. Only in case of
. tree A are some fluctuations noticed, and even here the general tone
. is upward as shown by the fact that of the seven figures following
the first, four are higher than the first, as is also the average for the
. season. In all the other trees, all figures after the first are higher
than the first, and of course the average ratio for each tree for the
- season is higher than the ratio shown by the first sample.

There is no question, then, that the ratio of sohds to acid incrcases
as the season advances.

Of the eight trees tested, four made an average ratic of more
" than 7 for the season (see table 10). Of those that did not average
7 for their ratio, 3 came within less than 0.3 of making it. 'ree
A, which averaged only 6.455, never showed a ratio of 7, although
it came up to 6.9 on November 21. Of the 7 remaining, two showed
a ratio of 7 in October, 3 in November and 2 in December.

Color—If we notice now the color of the fruit in connection with
the ratio we will find—

1. That there were 10 samples marked ““G. Y. T.”” (green, yellow
tinge) which rvanged in ratio from 5.6 to 9.7, and showed an aver-
age ratio of 6.96.

2. There were 8 samples marked ““G. 8. Y. T.”” (green, slight
yellow tinge). These samples ranged in ratio from 6.2 to 8.0, and
their average ratio was 7.12.

3. Three samples were marked ‘“G. Y.”” (greenish yellow). The
ratio for these samples ranged from 7.2 to 8.1 and came up to an
average of 7.56. .

4. Seven samples were marked ‘Y. G.”’ (yellowish green) aund
ranged from 6.2 to 7.8 in ratio. Their average ratio was 7.11.

5. Seven samples were marked ‘Y. G. T.”” (yellow, green tinge)
and ranged in ratio from 6.1 to 9.3, and showed an average ratio
of 7.53.

6. Seven samples whose color was determined as “Y. 8. G. T.”
(yellow, slight green tinge) showed a minimum ratio of 6.0, and
a maximum of 8.6. The average ratio for this group of samples
was 7.37.

If the color of the fruit is to be taken as a prominent factor in
determining the ripeness of grapefruit, then certainly the fruit here
reported reached a ratio of 7 before they were perfeetly ripe. Only
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the first lot of samples noted, marked ‘“G. Y. T.”” (green yellow
tinge), fell below the ratio of 7 in average, and even in this case
the average shown, 6.95, is practically 7, and may be considered
as 7 for all practical purposes. In this same lot of samples ratios
larger than 7, going as high as 9.7, were obtained in individual
samples. In all the other cases, in none of which was the fruit
perfectly yellow, and in most of which the green predominated,
the average ratio was greater than 7, and ratios above 8 were reached
in many instances.

Per cent sugar—Within the limits of the ratios exhibited by the
samples examined, the total sugars remained practically constant,
with perhaps, a very slight tendency to increase. Thus, out of the
eight trees tested, the averages for the season for three of the trees
(see table 10) were lower than the per cent shown by the first sample
analyzed, 4 trees showed averages higher than the per cent found
in the first analysis, and in one tree the two figures coincided. The
minimum average found was 4.54 per cent total sugars, for tree
A, in which the ratio never reached 7. The highest average was
5.933 per cent total sugars for tree @&, in which the average ratio
was 7.58. If we arrange the average ratios for the season for the
different trees in ascending order, and opposite them write the
per cent of total sugars, the fact will be revealed that the tofa!
sugars increase in a general way with the ratio, although the varia-
tion is not a regular one.

Free Ratio Total sugars
A 5 6.450 | 4.54 per cent
B 6.757 | 5.21 per cent
i 6.775 | 5.47 per cent
D, 6.895 | 5.82 per cent
E. 7.180 | 5.87 per cent
N. 7.390 | 5.438 per cent
G, 7.678 | 5.953 per cent
R NP PR e S B R e T 7.686 | 5.320 per cent

However, it may be noticed that the increase is continuous until
a ratio approaching 7 is reached, when the fluctuations begin. This
shows that the differences noticed among the various samples having
a ratio of 7 (more or less) are due to individual tree variations, and
that the formation of sugar ceases or proceeds at a very slow rate
when this ratio is reached. This is a very strong point in. favor
of the assumption that this fruit is mature when it reaches a ratio
of 7, and not before.
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The table of averages bears out all of the above statements.
Turning now to invert sugar and sucrose, and taking the average
for each tree for the season (see table 10). Let us arrange the ratios
of solids to acid again in ascending order, and opposite each ratio.
write their corresponding percentages of invert sugar and suerose
thus: : -

Ralio : ; Ratioinvert
solids to aeld Invertsugar Sucrose sugar {0 sucrose
6,45 2,86 1,60 1.787
G.76 3.08 2,03 1.817
6,77 38.28 2,13 1.517
6.89 2,89 2,31 1,251
7.18 3.34 2,53 1.320
1.3% 3.09 .23 1.386
7.57 3.56 .21 1.570
7.68 2.98 .21 1.840

It may be noticed that the suerose increases steadily until the
ratio 7.18 is reached, and henceforth it decreases. The invert sugar
increases almost continuously, except for only one break, in the
fourth figure from the top of the column; however, all figures
after the first are higher than the first. Moreover, the average
of the last three figures for invert sugar, 3.21 per ecent, is higher
than the average for the first five figures, 8.08 per cent. This
tends to show that the sucrose increases until a ratio of 7, more
or less, is reached, while the invert sugar increases continuously.
Coupling these facts with the observation previously noted, that the
total sugars inerease until a ratio of 7 is reached, the conclusion may
be drawn that after a ratio of 7 obtains, inversion of the sucrose
and decomposition of invert sugar begin. This is again a very
strong argument in favor of considering a ratio of 7 as indicating
maturity of the fruit.

Summarizing the above comments, we have that the Duncan
grapefruit analyzed from September, 1916, to February, 1917,
showed the following characteristies:

1. The size of the fruit was very mear 54

2. Their average weight varied between 450.8 and 659.0, ‘the
average for the season being 602.31 grams per fruit. The weight
showed slight and irregular gains, especially if the weight per box
is considered. The unexpected observation was made that among
fruits of the same size, those with a lower percentage of juice exhib-
ited more weight per fruit than those containing more juice.
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3. There were not great variations in the juice content among
the different trees, all fluctuating between 42.26 per cent and 45.74
per cent, with the exception of one tree, which had only 38.88 per
cent. The juice increased, but to a very small extent, the range
among the averages for different dates being 89.42 per cent to 45.15
per cent, the average for all the trees for the season (see table 9)
being 43.57 per cent.

4. The solids contained in solution by the juice ranged among
the trees compared between 8.05 and 9.37. The solids were practi-
cally constant for a given tree, with a very slight increase as the
season advanced. The average for the whole season, for all the
trees, was 8.7 per cent.

5. The acid decreased steadily and visibly all along the season,
the range being -from 1.36 to 1.15 (see table 9), and the average for
the whole season 1.203. The variation among trees, if tree N is
excepted, is very small, thus exhibiting much uniformity.

6. The ratio of solids to acids averaged less than 7 in four trees,
A, B, C, and J, and more than 7 in the other four. It increased
steadily all through the season, going up to 8 on December 29th.
The average for all trees for the season was 7.23. All of the trees,
except tree A, reached a ratio of 7 during the course of the season
between the extreme dates of October 5th and December 29th. The
highest ratio reached hy tree A was 6.9 on November 3rd. The
average of all the trees came up to 7.2 on November 3rd.

7. The total sugars increased until a ratio of 7 was obtained.
From this point on the sucrose suffered inversion, and no constant
increase in total sugars could be noticed. The invert sugar increased
continually. The averages for the season were 5.258 for total sugars,
3.045 for invert sugars, and 2.102 for sucrose. There was not much
variation among the individual trees (see table 9), the total sugars
specially showing uniformity. The inversion of sucrose after a
ratio of solids to acid of 7 is obtained, is unmistakebly shown.

8. The per cent skin and the thickness of skin changed in a
very irregular fashion, and the latter item only between very nar-
row limits. Between the ratios that obtained, they may be con-
sidered constant.

9. The invert sugar content has been higher than the sucrose
content in every case.
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All of the above observations point strongly to the conelusion
that the juice of Duncan grapefruits contains g ratio of solids to
acid equal to at least 7 when they are mature. They seem to reach
this stage by the first week of November.

MARSH'S SEEDLESS, SEASON 1916-1917.

The composition of the fruits picked on succeeding dates from
four trees of the Marsh’s Seedless variety are given below for each
tree in tabular form:

INDIVIDUAL TREE RECORDS.

Mean composition of fruit for the whole season, per tree and on
succeeding dates:



TABLE 11. . v
Analyses of Fruit (Marsh’s Seedless) from Test Tree, Grove B, Vega Alta.

g 3 ¥y 8: | & | .3
9 e =2 2 o =t 8 el 5 G

20 to =h=) =] = A a © ° o "
Date picked E:;, 2 Color “23| 8, fogw 38 | 83 | <E 8% 58 =8 g _§g§

15} - [T%e) b~ = == == | B5 - o &
5k | &3 £o2| 8% | 282 | B2 | 33 | 5% |ge2| 22 | 28 | & | gbs
October 28 ..., v asem 439 54 | Y. 932 | 28.07 23,706 | 48.35 | 7.8 | 1.16 6.7 244 | 4.40 1.84 | 1.826
November 21 . 440 63 | G. 516 | 23.14 27,720 | 51.50 | 7.6 | 1.05 7.2 2.69 | 4.65 1.84 | 1.462
December 29 . | 738 46 | Y. 5716 | 2613 | 33,718 | 4545 | 8.0 1.00 8.0 2.93 | 5.14 2,09 | 1.402
January 18 .......... vk 508 54 | Y. %32 | 1803 | 27,432 | 4693 | 9.7 1.38 7.0 .50 | 5.81 2,19 | 1.598
Averages for the season......| 530 54 19764 | 24.31 | 28,804 | 48.06| 827 | 1.147| 7.21| 2.89| 4983| 1.99| 1452
TaBLE 12,
Analyses of Fruit (Marsh’s Seedless) from Test Tree, Grove I, Rio Piedras.

= B ~
% 8 b S e 4]
D o = - o ] a o 5 58 to a0
) 20 al = = A 2 - © ol = Hown
Date picked §§" e Color —é-;gé’ . f‘:‘;n 8g | B8 | LE [oB% j..:)a ;; 2 o;g

5] = = =T 3 P = o= B2 ¥ a B
e B 88| g4 | §&28 | 8E | 3B | 8% |®gs( g% |23 | 3 | &Fs
|
October 499 36| G. Y. T 83.28 | 17,964 | 48.99| 7.4 1.25 59 | 269 | 465 | 1.84 1.462
October 471 54| G. 8. Y. 80.30 | 25434 | 45.91 7.5 115 | 65 | 244 | 416 | 1.60 1.525
November 446 54 | G.S. Y. 81.21 | 24,084 | 46.15 7.3 | 1.10 6.6 | 3.67 | 4.16 | 0.37 9.918
November 468 54 | G.S. Y. 2508 | 25272 | 4859 | 7.1 1.00 71 | 269 | 405 | 1.84 1.462
December 445 56 | G. Y. T. 28.03 24920 | 5313 | 7.3 | 1.00 7.3 | 310 | 440 | 118 2.627
January 558 54|Y.G. T 29 85 30,132 | 4641 | 6.9 .93 74 2.69 | 416 | 1.35 1.992
February 534 56| Y. S. G. 20,14 | 20904 [ 49.90 | 7.2 .95 7.6 | 293 | 891 .86 3,406
Averages for the season......| 483 52 10732 | 2954 | 25,387 | 47.m1 7.24 | 1.054 [ 6.86| 2.887 | 4.245( 1.291 | 2.286
1

Nore.—In working with the fruit a system of noting the comparative amounts of coloring was devised. In the charts letters

are used to represent these as follows: G., green; Y., yellow; T. tinge; S, slight; B., bright; Q., quite. Various Combinations
are employed.
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TABLE 13,
Analyses of Fruit (Marsh’s Seedless) from Test Tree, Grove M. .

o w“ g @ 52
82 | & ' Ses| s |22 |3 | 3 |5,z 25 | 2 | aBg
Date picked i) fo:fa Cofor EZ5] 3, -;;2” 8g | 23 | 4E |e8%| 55 | 2z A -1
B Qu Lol - — - - fot] - g
pe ;‘35 E'g:: ] .S'Eg ] 5B 55 {800 g? %m g E%¢
<= < =Rt == A mt | <T jRe ] BB =® o 5>
September 22 ........... cereeniss] OLB 36| Y G T.oov..p 6] 4172 22376 | 82041 81 | 1.00 81 | 850 | 563 | 2.01 1.741
October 6 rrreanins crreavaaas| 500 46| G. Y. T..,.... -716] 34.85 ] 23.000! 3845 8.2 | 1.38 59 | 269 | 514 | 288 1111
October 23 ., ... ............. 44l 841 G Y. T, ... 1782 87.92| 289241 8692 7.8 | 1o 56 | 2.69 40 | 1.89 1.681
November 3 ........coceeevnen..| 466 641 G. S, Y. T.,...| 1582 8244 ] 25168 3862 78 | 1.9f 68 | 244 | 416 | 1.60 1.525
November 21 .........ccennnnnns 458 541G S. Y., 8 | BLB1| 24782 4035 | 7.9 | 120 65 | 310 | 4.8 | 167 1.856
December 8 .,.,........ ceerens 612 61 G.S. Y. T, ... 38 | 88111 28162 | 4218 | 7.8 | 110 7.1 | 269 | 4.8 | 208 1.293 =
December 29 ...,.......... ROV 537 61 Y. G, ......... 122 f 85661 26998| 4L8G| 7.5 | 1.0 68 | 293 | 514 | 2.09 1.401 B
January 18 ..., ...l | 47 B Y. 8.6 T L) 12 85.08 1 25,650 | 4245 75 | 1.10 6.8 350 | 4.0 .18 4487 - [
March 9 e O I 1.1 46| Y. 8. G. T... . 516 | 32.27| 25806 46.52| 7.1 | - .93 75 | 293 | 416 | 111 268
¥ebruary 9 ... ......... cevean| 493 64 Y.G. P, 58 | 3310] 31,652 46.97{ 7.6 | 1.06 72 | 367 | 5.4 | 1.3 2.718
Averages for the season.,..,.| 516.3 62 20764} 35.57 26,346 | 40,62 7.33 1 1165 6.6 8.011| 478 1,661 1.812 E
TABLE 14, Q
Analyses of Fruit (Marsh’s Seedless) from Test Tree, Grove N. E
Scason 1916-1917, =
n 1
z 2 ge | & 5 -
&2 | & gag & g A T %8,z =8 2 la¥eel 29
Bate pleked 5 | 8o (£22) oo £ Bslms | E|cg¥ gy | ZE | B |ZECE) 2R
2l = o~ = Bt fL] ot ot - - - = ke o
e | B4 |E3g <% | &5 | 82 | 32 |E82| 53 | g2 | & (g8 23
October 5251 26111 14 | G. 46 45.28 7.9 0.85 94 | 293 | 51 | 1.99 1473 | 24320
October 487 1 27.62 7l aG. G4 45.60 85| 119 K2 S FTPTPTONs IO O pleeenoesns ) 81168
November 370 2871 Hi |G 40.49 9.6 | 127 7.5 | 293 | 587 | 2.4 1.039 | 22,260
November 2 611 2500 | 98271 Gl 54 47.53 85| 1.00 85 | 391 | 563 | 1.60 2443 | 29,214
December 862 2000 | 516 | G. 54 43.20 9.0| LI15 7.9 | 269 | 4.89 | 2.08 1.293 | 50,348
December 44117 2061 1 510 | Y. 64 46.15 9.0| 1.15 78 | 850 | 5.38 | L76 1.988 | 28,224
January 287 | 2405 | 7%32|Y.S.6&.T. 72 47,75 8.5 | 1.03 82 { 440 | &AL | 159 2.767 | 20,664
Averages for the season.,....[ 459 [ 26.62 21764 59 45.14 87| 1001 7.97{ 3.373| 5448 1.973 1709 | 21,001
b
(o)




TABLE 15.
Showing Biweekly Analyses of Fruit Picked from Different Groves, B. L. M. N.*
SEASON 1916-1917) MARSH’S SEEDLESS.

9¢

g gl 2
L = = b= b~ w Sa5 | @ @ Weight per
Date picked g5 | 8 80| 82 | 8 228 | &y 7 w 288 | BB 2 box I
5% | 28 °8 | °E °z | 223 | 8§ 2 35 (228 24 33 March
52 | 8% | 83 | B9 | 88 |=e%o | E=Z = 55 | 5988 | 5% | 23
<' a‘m Q.("_‘ m(n n_‘ Q:wu H(I) &) E“JJ mPO E“ <m
September 22 T, 616 32,04 | 4172| 810| 1.100| 810 | 5.50 201 | 5.68 | 1.741 7716 36 | 22,176 Grm.
October  8-6 i 508 31.39 | 42.57 7.83| 1.213| 6.15 2.71 2.08 497 | 1.331 | 11732 43 | 21,844
October  20-23.. G suweye 459.5 31.30 | 42,95 7.90 | 1.225 | 6.74 2.52 1.48 | 4.32 1.702 | 12732 59 | 27,110
November 3-14.. R 427.6 30.84 | 41.82 8.23 | 1.200 | 6.86 3.01 1.60 4.73 | 1.881 | , 12732 56| 23945
NoOvember 21  .....evvvieennerannnnennn 476.7 27.44 | 49.35 7.83 | 1.067 | 7.33 3.20 1.57 4.39 2.038 | 10732 56 | 26,695
December 8  ....eeiiiiiiiiiieeiniinieent .| 587 34.05 | 42,69 | 840 | 1.125| 7.46 2.59 2.08 4.89 1.293 | 11732 50 | 29,350
December 20-29.......covee vereeennnnnens .| 539 33.81 | 4551 7.90 | 1062| 743 | 2.96 1.95 | 5.08 1.518 | 12732 55| 29,6456
JanUATY 1824, cusnnusaeviessammsssens .| 457 26.75 | 45.88 | 8.5 | 1.110 | 7.24 3.54 1.60 | 5.12 £.212 | 10732 59 | 26,963
February 9 AR R SRR .| 493 3310 | 46.97 7.60 | 1.060 | 7.17 3.67 1.35 5,14 2.718 58 64 | 31552
Februaly 190 appcosesess i 534 29.14 | 49.90 7.20 | 0.950 | 7.507 | 2.93 0.86 3.91 1.407 174 56 | 29,9040
Averages of all the trees for senson 509.78 | 30.98 | 44.94 7.91| 1117 | 7.08 3079 | 1.658 | 4,825 | 1.857 | 22732 53 | 26,914
TABLE 16.
Showing Mean Composition of Fruit for Each Tree for the Sea.son.
MARSH’S SEEDLESS (1916-1917). ‘
| | . @ = a=9
| n o b~ = — &
Average | g | €22 o (B, |2 | 2 5 |%5.2 I
weight in A-o a = = = 25} e i ‘ 7 @
Grove ams | Eo |255 | 8a |Sguh| 3| 83 | oE |28%| BE |32 | s | :2
— } o5 L=l felat e == = =
1 perfruit | =3 | 23| 5% | 282G | 5 | 32 | 32 82| E2 | &2 | § | &0
530 54 | 932" | 2131 28,894 | 48.06 827 | 1.147 7.21 | 2.890 | 4.983 ] 1.990 1.452
483 |« 52| 5157 | 2954 95.387 | 47713 | 7.24 | 1.054 6.86 | 2.887 | 4.245 | 1.291 2.236
516.3 52 | 14782 | 35.57 26,345 | 40.62 778 | 1.155 6.69 | 3.011 | 4.758 | 1.661 1.812
459 59 | 107327 | 26.62 31,001 |- 45.14 8.7 1.091 7.91 1 s 373 | 5448 | 1.978 1.709

10n each of the dates noted, 12 fruits were picked from each tree, .md each sample was sep*u:twlv 'malwed The results of cach set of four
samples were then averaged, and the averages obtaiend are tabulated below. .
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DISCUSSION OF RESULTS OBTAINED WITI MARSH’S SEEDLESS
(1916-17).

Weight and size—Tree B. The tendeney is to increase on the
part of the weight; this is shown both by the weight of the in-
dividual fruits and by the weight per box. Notice that the first
and last samples collected are both size 54, and that the weight
per fruit of the first sample, which contains a higher per cent of
Juice is less than the weight per fruit of the second sample, with
a lower juice content. This confirms observations made on Dunecan
fruit.

The size of the fruit is variable.

Tree L.—Again a tendency to increase in weight is noticed, es-
pecially among the figures showing weight per box. The samples
picked on October 20, November 14, November 21, and January 24
are all of size-54. On inspection of the table it will be found that
the samples with less juice show the greater weight per fruit.

The size of the fruit is tolerably uniform. '

Tree M. —A slight tendeney to inerease in weight as shown by
the weight per box. Compare the samples picked on November 38rd,
- November 21Ist, December 29th, and January 18th, all of size 54,
| The samples containing the most juice show the lower average weight
- per fruit.

| Tree N.—There is much fluctuation.

Again, if fruoits of the same size are compared as to weight, the
~ larger weights are shown by the fruits having the smaller percent-
" ages of juice. Compare for instance the samples picked on Nov-
ember 21st and December 8th, both of size No. 54, and the samples
picked on Oectober 23rd, with that picked on December 29th, of size
No. 64. ‘

The table of averages shows an inerease in weight per box as
the season advances, but fails to support the assumption that higher
weights per fruit are associated with lower juice contents.

The Marsh’s Seedless, then, shows a tendency to inerease in weight
as the season advances, as shown by the weight per box. They, too,
as the Duncans, appear to have more weight when the per cent juice
'is lower, if the comparison is made between fruits of the same size
| and from the same tree, but this is not uniformly so.

Per cent juice—The tendency is to inerease in fruits that have
not reached yet a ratio of 7, as instanced by tree L. The first three
samples picked from this tree averaged a ratio of solids to aeid of
6.33 and their average juice content was 45.35 per cent. The last
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four samples had all ratios larger than 7 averaging 7.35, and their
juice content was 49.50 per cent. Not only this, but in the first
three samples each increase in ratio was accompanied by a corre-
sponding increase in juice. After the ratio of 7 is attained, the in-
crease is not so regular, and the variations show considerable flue-
tuations, although the range is rather upward than downward.

The table of averages of all the trees through the whole season
support the above couclusions (see table 15). Thus the averages cor-
responding to October 3-6th, October 20th-23rd and November
3rd-14th, all have correspanding ratios lower than 7 (an average of
6.58), and the juice percentages corresponding to them average
only 42.44 per cent. The rest of the average ratios are all higher
than 7 (an average of 7.371) and the corresponding juice contents
range from 41.72 to 49.90, averaging 46 per cent.

The juice in the Marsh’s Seedless increases with perceptible
regularity as the ratio of solids to acid increases, until a ratio of 7
is reached. Beyond this ratio considerable fluctuation occurs. This
seems to point to the assumption that the Marsh’s Seedless fruits
reach maturity when they show a ratio of 7.

Per cent skin.—The skin decreases fairly steadily until a ratio
of 7 is reached. Thereafter considerable fluctuation is noticed.
With few exceptions the higher percentages of skin correspond with
lower ratios. In tree B the first sample picked with a ratio of 6
had the highest percentage of skin, 28.07. Among the rest of the
samples, all with ratios above 7, fluctuations occurred.

In tree I, the first three samples show ratios below 7, ranging
from 5.9 to 6.6 with an average of 6.33, and their content of skir
ranges from 33.23 per cent to 30.30 per cent with an average o!
31.58 per cent. The succeeding samples have ratios ranging fron
7.1 to 7.6 with an average of 7.35, and their percentages of skix
fluctuate between 25.08 and 29.85 with an average of 28.02.

In tree M, arrange the ratios of solids to acids in an ascending
order, and write opposite to each ratio its corresponding per cen
skin, thus:

Ratio of solids Per cent
to acids. skin.

(TR S S N - SEURI S S SN ) )

Bt s e e e R R S A 34,85

(20 S I I SR N WO =S = S 32. 44
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Ratios, Per cent gkin.
7.1 38.17
7ol 33.10
(I P —— - - - 32,27
S e e e 41. 72

Taking the averages of all samples with ratios up to and in-
cluding 7.1, and of all those having ratios larger than 7 we get 35.51
per cent for the former and 85.69 per cent for the latter. In this
instance no difference appears between the fruits with ratios below
and above 7. It should be noticed, however, that except for the
two exceptional cases of the samples with ratio 7.1 and 8.1 the

“individual figures suggest a decrease.

Tree N, does not show any fixed tendency, and the figures flue-
tuate considerably. It should be noticed that all ratios here are
larger than 7.

Coming now to the table of averages of all trees for the whole
season, and arranging as before, the average ratios in an aseend-
ing order with the corresponding percentages of skin opposite,
we gef: .

Avernge ratio of Average per
solids to acid. eent gkin.
L £ T i —— ——— e [ 31.39
B T e o s e 31.30
B 80 e e e e 30. 84
2 O 33,10
e e e e e e e e e e 27. 44
T B e 26. 75
T B0 e e e e e e e e 32.04
T e e e e e e 33. 81
L e 34,05
T B0 e e e e e mem e 20014

Averaging the percentages of skin for all ratios below 7, a skin
content of 31.04 per cent is obtained. The percentages of skin for
all ratios ahove 7 average 30.90, thus showing a decrease as the ratio
inereased to 7. ;

The percentage skin, then, though within rather narrow limi)}é
and in an irregular fashion, suffers a decline as the ratio of ths
fruit approaches 7. 5

Thickness of skin.—After a ratio of 7 is reached no definite
tendency is manifested. Before a ratio of 7 is reached, however, the
thickness of skin diminishes as the ratio increases. -,

Thus, in tree T the thickness for the first three samples averaged
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34”7, while the thicknesses that follow, for fruits with ratios greater
“than 7, do not go beyond 9/32” and average approximately 14”.

In tree M the samples with ratios below 7 average a thickness of
15/32” while those with ratios above 7 average 14/32".

In the other two trees all ratios reach and go beyond 7 (except
for one sample in tree B, which has a ratio of 6.7), and no definite
tendency is manifested. Considerable fluctuation occurs.

Turning to the table of averages for all the trees throughout the
season (table No. 15), we find that the average of all the averages
given for fruit with ratios lower than 7 is over 14/32”, while the
average. of all averages given for fruit with ratios higher than 7
is less than 12/32”. There 1s, then, a tendency on the part of the
skin to diminish in thickness as the ratios imcrease, which is chiefly
noticeable before the fruit obtains a ratio of 7.

Per cent solids in juice—The solids for this fruit during this
season may be considered as practically constant. In tree B an in-
crease may be noticed, and so also in tree N, although to a lesser
extent. Tree M, on the other hand, as well as the table of averages,
shows a diminution, while in tree I, this item may be considered
as fairly constant. These observations are in accord with those made
on the Duncan fruit.

The highest average shown for any tree was 8.7 for tree N, the
lowest 7.225 for tree B, and the average of all the trees was 7.91.
Among the averages of all trees for different dates, the lowest was
7.20 on February 24th, and the highest 8.40 on December 8th.
Evidently these fruits contain less solids in solution than the Duncans.

Per cent acid.—Two things are to be noticed. First, that the
per cent acid keeps on increasing until about November 21st;, when
it begins to decrease; and second, that, in general, the per cent
acid varies in opposite direction to the ratio of solids to acids. That
there is a very marked decrease in this factor is very plainly shown
by the tables.

In tree B the decrease in acid begins on November 21st, the
average of the last three samples, 1.143 being ldwer than the first
figure, and so also the general average.

In tree L the decline in acid content takes place after November
21st, the average for the first three samples, with ratios below 7,
being 1.166, while the average for the last four, with ratios above
7, is 0.97. The total average is less than the first figure, and the
decrease in per cent acid follows closely the increase in ratio.

. This close correspondency between decrease in acid and increase
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in ratio is very strikingly shown, not only here but also by trees
M and N.

Thus, arranging the ratios in their ascending order and writing
opposite each their corresponding acid contents, we have:

TREE M. TREEL N.

Ratio, Acid per eent. Rativ. Acid per cent.
0 ¢ e e 1. 40 S 1.19
60 s e e 1. 38 S TSI 1,87
6.8 e 1. 24 [ P - 1.15
6. B 1,82 S 1.15
6.8 1.10 8 1.03
L O 1. 10 b T SO 1.00
R T UL 1. 10 R 0. 85
[ T 0. 95

8. 1 1.00

Turning now to the table of averages we find similar conditions
established although flnetuations are more noticeable here. Arrang-
ing as before:

Ratios. Ter cent acid.
6.15_ e 1,273
[ U .- 1285
6. 86 1.200 °
Tl T e ] —_—— 1. 060
- 1 OO 1. 067
T.834___ et e e e 1,110
T B0 e e e e 1. 100
o dB e e 1,062
TodBo iy ——— 1125
7T.507.. e e e e 0. 950

The decrease is plainly seen, and needs no further comment.

The per cent acid, then, decreases as the fruit matures and reaches
higher ratios. Acid formation occurs only until a more or less defi-
nite point in the development of the fruit is reached, after which
no more acid forms. This point seems to be reached almost at the
same time that the ratio of 7 is reached. v

Taking the averages of all the trees for different dates (see table .
15) the lowest acid content, 0.95 per cent, occurred on February
24th, and the highest, 1.273, on October 3rd-6th. The average of
all trees for the whole season was 1.117. This shows a lower acid
content for Marsh’s Seedless during 1916-17 than for Duncan fruit.

Ratio of solids to acids—This ratio undoubtedly increases con-
tinnously until the ratio of 7 is fully established. Thereafter it con-
tinues to increase, but rather slowly, and with some fluctuations. Tt
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should be noticed that this established ratio of 7, comes about some
time near the 21st of November, coinciding thus with the time when
the per cent acid begins to decline steadily and without interruption.

Tree B reached a ratio of 7 for the first time on November 21st,
after which a ratio of 8 and one of 7 occurred in the two succeeding
samples.

In tree L there is noticed a steady increase in the ratio, from
5.9 on October 3rd to 7.3 onNovember 21st, after which fluctuations
occurred with very slight gains.

In tree M a ratio of more than 7 is obtained in the first sample.
After this, a ratio of 6 which climbs up to 7.1 on December 8th is
observed. The next two samples show ratios of only 6.8 each, after
which the ratio does not fall below 7 again. It must be observed
that for the three samples, corresponding to December 8th, December
29th, and January 18th, the per cent acid (of 1.10) is the same.
The ratios are all so near 7 that for all practical purposes they might
be taken, as 7. As to the first ratio, of 8.1, it clearly indicates that
the fruit composing that sample must have been from an earlier
bloom. This is supported by other data as well; as for sample, by
its color, which was yellow, with only a green tinge, while all the
samples immediately following were green, with only a tinge of
yvellow, and also its content of invert sugar and of sucrose, which
are higher and lower respectively than those following. This sample,
then, in all fairness, should not he compared with the rest of the
table. A

In tree N a ratio of more than 7 is established from the begin-
ning, October 6th, and considerable fluctuation occurs.

Turning to the average of all the trees on different dates, (see
table 15), and discarding the figure for September 22nd, as this is
the ratio of the first sample of tree M just deseribed (no other sam-
ple appears to have been picked on this date), we obtain a continued,
uninterrupted increase in ratios, from 6.5 on Oectober 3rd-6th up
to 7.33 on November 21st. Hereafter all ratios show more than
7, but the increase is very slight and some fluctuation is noticed.

Color—Again we find the green predominating, in spite of the
fruit having reached a ratio of 7. It is only well towards the end
of the season that the yellow becomes more prominent than the green.
This again emphasizes the fact that grapefruit here does come up
to a ratio of 7 early enough in its maturation period-to justify the
application of the standard to Porto Rico fruit. Usually the fruit
“which is quite near the neighborhood of 7 in ratio shows up more
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green color than yellow, and when the yellow color predominates
the ratio is generally in the neighborhood of 8.

This supports the view that the fruit comes to maturity when
it has reached a ratic between 7 and 8, which is perhaps neaver 8
than 7. However, in the Marsh’s Seedless maturity seems 'to come
earlier than in the Duncan, judging from the fact that all signs of
maturity, ineluding color, appear earlier.

The Jowest ratio of solids to acid (average of all trees) was 6.15
and occurred on October 3rd-6th, the highest was 7.507, which oc-
curred on February 24th, and the average for the season was 7.08,
These fruits reached the ratio of 7 pretty early in the season, but
the ratios as a whole did not inecrease much beyond this point.

Per cent sugars—Taking the averages of all trees for each one
of the dates on whieh fruit was picked and arranging them in the
ascending order of their corresponding ratios we obtain the fol-
lowing columns:

s ‘ Totalsugars | Invert sugrrs i Cane sugars
Ratio Per cent Per cent Per cent

4.97 2,77 2,08
4.32 2.562 1.48
4.78 3.01 1,60
(4.575) (2.766) a™
5,14 3.67 1.35
4,39 3.20 1.57
5.12 3.54 1.60
5.08 2.96 1.9
4.89 2.59 2.08
3.91 2.93 0.86
(4,781) (3.081) {1.586)

The columns above the first line represent samples whose ratios
were below 7, while those following are for samples whose ratios
were above 7. The figures in parenthesis are averages.

The averages for total sugars have been ecaleulated from thow
for invert sugar and sucrose.

As seen, the total sugars and the invert sugar show an inerease.
while the cane sugar, or sucrose, shows a decrease. The increase in
total sugars, however, has been very slight this demonstrating that
the inerease in invert sugars has been chiefly due to inversion. This
statement is perfectly well proven by a simple caleulation.

The difference between the averages for total sugars is 0.156 per
cent. The difference between the averages of invert sugar is 0.315
per eent. Caleulating the averages for cane sugar to their invert
sugar equivalents we have 1.72 cane sugar equivalent to 1.809 invert
sugar, and 1.586 cane sugar equivalent to 1.650 invert sugar. The
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difference between these two invert sugar equivalents is 0.159. That
is the cane sugar inverted is equivalent to 0.159 invert sugar. Out
of a total increase of 0.315 per cent in invert sugar, 0.159 per cent
has been due to inversion of sucrose.

The difference between the total increase in invert sugar, and
the increase due to sucrose inversion ought to approximate the in-
crease in total sugars. In this instance they are identical. Thus,
the above referred to difference is 0.156 per cent (0.315 minus 0.159)
and the difference in total sugars is, as noted above, 0.156. There
is no question, then, as to the inversion of sucrose when the ratio
of 7 is reached. This proves that the Marsh’s Seedless reach matur-
ity when a ratio of 7 is present. This makes the Marsh’s Seedless
reach maturity with a little lower ratio than the Duncans.

Summarizing the results obtained for Marsh’s Seedless for this
season we have:

1. The weight per fruit is rather constant for the ratios and sizes
examined. Among the trees the average weights varied between,
459 and 530, the average of all being 509.78 grams. The average
sizes varied among the trees from 52 to 59 the average of all being
53. The average weight per box was 26.914 kgms., and showed
a marked inecrease throughout the season. The trees varied among
themselves from 25.387 to 31.001 kgms. per box.

2. The per cent skin was rather constant and high, the average
of all trees for the season being 30.98 per cent. There was no uni-
formity among trees, the skin content varying from 24.31 per cent,
the average for tree B to 85.57, the average for tree M.

3. A fair percentage of juice was shown, the average of all trees
for the season being 44.94 per cent. The trees varied in their aver-
ages from 40.62 per cent (tree M) to 48.05 per cent (tree B).
Toward the latter part of the season the fruit contained more juice
than at the beginning, a notable increase being evident after Novem-
ber 21st.

4. The solids in solution are rather low, the average of all trees
for the season being 7.91 per cent. The averages of the individual
trees ranged from 7.24 per cent to 8.7 per cent. This item showed
frequent fluctuations, and may be regarded as constant for the ratios
under consideration.

5. The per cent acid showed a perceptible decline. The average
for all the trees for the season was 1.117. The individual trees
ranged from 1.054 to 1.155, thus showing a fair degree of uni-
formity.
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6. The ratio of solids to acids inereased, but at a slow rate. The
rate of inerease in this instance is conmsiderably lower than in the
Duncan fruit, and the ratios obtained lower algo. The ratio of solids
to acid of all trees for the season was 7.08 as against 7.23 for the
Dunean. In no instance was a ratio of 8 obtained, the highest being
7.507. This fruit reached an approximate ratio of 7 almost at the
same time as the Duncans, between November 3rd and 21st. The
averages for the individual trees ranged between 6.69 and 7.91.

7. The total sugars, as well as the invert sugar were higher toward
the latter part of the season, after November 21st. The sucrose was
lower toward the end of the season. The averages were 4.825 total
sugars, 3.079 invert sugar, and 1.658 sucrose.  This gives the Marsh’s
Seedless a little less sugars than the Duncans. The ratio of invert
sugar to sucrose is much higher for the Marsh’s than for the Dun-
cans, for the former being 3.857 and for the latter 1.448,

The averages for the individual trees showed a fairly good agree-
ment in regard to these items as may be seen from table No. 16.

In substance— : '

1. The Marsh’s Seedless fruit juice also contained during this
season solids in solution in a proportion which was at least seven
times the proportion of acid it contained at maturity.

2. This proportion of solids to acids came about some time during

the latter part of November.
3. The changes undergone by this fruit were pretty nearly of
the same nature as those undergone by the Duncan. only thev dif-
fered in extent and rate at which they proceeded.

4. The fact that most of the changes noticed proceed regularly, or
nearly so, until a ratio of more or less 7 is reached, and that the in-
version of sucrose occurg after this ratio obtains, point to this ratio
as marking the point of maturity of the fruit.

TRIUMPIH GRAPEFRUIT, SEASON 1916-1M17.
INDIVIDUAL TREE RECORDS.

! Only two trees, located in .two different groves, A and K, were
| used for this series of tests.

Below are given two tables showing the composition of the hiweekly
samples picked from each tree:



TABLES SHOWING BIWEERLY ANALYSES—FRUITS FROM TWO DIFFERENT GROVES.

TABLE 17.
Analyses of Fruit (Triumph), Test Tree, Grove A, Pueblo Viejo.

9¥

AN LINOIAHY IO INHWIMVIIA THL IO TVNINor

0 w© Gt :e ; ’; 8
o © > 2] = o - = W e & L0
Date picked & o Col 58S | 8 Z& 8 o 5 |82 | wu | B2 & |=&3
ate plcke go Em 010k = & 1 o8 <3 @!; SB3 | 32 | =8 e oe8
D N — Lol D=0 = == - == > o =
Es | B9 55| 5% | 258 | 3B | 95 | 52 (288 | 28 | &% | & 352
October 525 64| G. 8. Y. T.....| 5716| 33.73| 33,600 | 30.73 8.9 1.04 8.5 219 | 5.63 3.32
October 325 64 |'Y: GiPooiiiine 7732 | 30.00 20,800 | 36.69 | 8.8 .94 9.3 2.44 | 5.63 3.07
November 160 80 'Y Gty 174 | 26.99 | 36,800 | 35.40 9.5 95 | 100 | 269 | 6.11 3.30
November 359 64 | G.S.Y. T, .| 174 | 2287 92,176 | 39.41 95 .95 10.0 350 | 6.11 1.49
December 484 64| Y.G. T......... 174 31.52 30,976 | 86 14 9.3 82 | 11.3 | 244 | 6.36 3.80
December 496 64 'Y G, comann 174 28 57 31,744 | 81.69 95 .70 13.6 | 2.93 | 5.87 2.82
January 485 64 | N: 8.7G: Pivoes 174 24.13 31,040 | 31.96 9.0 76 | 11.8 310 | 5.14 1.92
February 491 B4 [0@ Y. wownmvnin 174 30,93 26,914 | 29.66 9.5 70 | 1357 | 38.50 | 6.36 2.74
Averages for the season...... _4_52 | 64 174 28.38 29,356 33.96 9.25 0.857 10.79 2.847 | 5.7999 | 2.807
TABLE 18.
Analyses of Fruit (Triumph), Test Tree, Grove K, Pueblo Viejo.
L L) o S0
a L L g Saa
o, ° < b= °9 = g = e o 58 o w28
Date plcked gg, = Color _ﬁg 8| 8 = 5o n o © gg";, =t 2k L &g
B0 ey o=4.g og a0 o3 T o Bl o= () =8 @ e
83 | 28 Zeo | o8 | 528 | w2 | S8 | E5|5%s| BB | Bm | 8 |%ee
e | BE g%2 | 29 | gE2 | g5 | 82 S 28| Ba | g« 3 1 gre
September 22 . 332 9% |G Y. coeuinnne. 31.55 31,872 24.46 9.8 1.08 9.0 2,93 | 7.09 4.04
October 6. 333 9% | G.S.Y. 31.10 31,968 | 27.02 | 10.4 1.05 9.9 o6p | 7.33 | 4.52
October 23, 355 96 | G. Y. T. 31.76 34,080 | 25.93 | 10.1 1.03 9.8 2.98 6.36 3.31
November 3 ,.. 329 100 | Y. G. T. 25.96 | 32,900 | 8246 | 10.7 .90 11.6 293 | 6.84 3.79
November 21 ... 290 100 [ G. S. Y. 24.42 29,000 | 32.55 | 10.8 .88 12.8 3.67 7.09 3.30
December 9 ........... 316 120 | G. Y. T 25.07 37,920 | -37.00 | 10.4 .88 | 100 | 3.10 7.33 | 4.11
December 29 .......... i 281 100 | Y. G. T.. 22,22 | 28,200 | 40.00 | 110 76 14.5 8.91 6.84 E
JANVALY" 8. cmrmvanins woe . 32 68| Y.S.G. 41.02 | 22,00 | 38.28 | 11.8 76 15.1 3.91 7.81
Averages for the season...... 820! 97 29.13 30,098 | 32.21) 1058! 0917 ! 11.58! 38.258| 6.894
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By averaging the results obtained for the samples picked on the
same date, the following table to show the mean composition of the
fruit on succeeding dates was constructed:

TasLE 19,
Showing Biweekly Analyses of Grapefruit from Two Different Groves.
TRIUMPE, SEASON 1916-1917.

5 a
g2 12 |5 | 8.8, |5.8 b Aok
Date picked gﬁ, 8a L gﬁ 82 | o83 La 2 .:2.‘;, on
Ik =g L P w5 |BE5| B g TS
:? é_"m g-; &"m &:c sws | Sa 8 gtn ébu
September 22...} 332, 8135} 24461 9.8 1.08 8.0 2.93 404 72.18 0.725
Qetober  5-6...} 429, 82411 28.87; 9.6 1.04 9.2 2.44 3.92| 6.568 | 0.620
Octobex 23...] 840, 30,881 81311 945 0.99 9.5 3.18 8.1 | 6.563%! 1.000
November 3.,,| 3945 2647 ¢ 88.921 10.10 0.92 10.9 2.81 3.54| 656387 0.9
November 21.,.! 324,56 28,64 85.98{ 10.1 0.91 11.1 3.58 2.839| 6.080| 1.600
December 8..,1 400. 28,291 386.57] 9.8 0.85 11§ 2.77 3.95| 6.920| 0.700
December 29.,.i 388.6 25.39 | 35.841 10.3 0.78 4.1 3.42 281 6879 | 1210
January 18...1 405.0 32567 | 35127 10.2 0.76 13.4 3.50 285| 6.600| 1.23
February 19...} 491 30,93 | 29.66] 9.6 0.70 13,57} 3.50 2.74| 6.885 | 1.27
Average for the
Seasson,,,..., 48716 | 2910 ( 8241 9.872 | 0.88? | 11,12} 3.125 8.27| 6.568 1 0.95568

On each of the dates noted samples of 12 fruits were picked from each of
two trees and were separately analyzed. The averages of the samples collected '
on each separate date are presented above.

From the two previous tables, the following, showing the mean
composition of the fruit from each tree, was abstracted:

TasLE 20.
Showing Mean Composition of Fruit for Each Tree for the Season.
TrRIUMPH, SEASON 1916~1817.

- e [N

n @ e € R
onle 18 8.8 (98 g ~ o &n S
" kn:i_‘ 17 g Pepbr s - | 2 g b L iCcngl o 290 o=
Grove | 2% | |8, |ZEE 82 BeT i 83 | oF [958 FE|2E | o8 |er8
SEES 8% |Zur| 82 [PER5| S5 |38 |38l 22 |51 | 82 |58z
Eal Rl LR R b A 2 R AT RERI AR et o mT?
A 453 64128.28| 14 188.96] 20.356] 9.25]0.85710.79: 2,847 5.800 { 2.807 [ 1.014
K.... ceraens} 820 9712018 | 15764} 32.21} 30,9931 10.58 | 0.917 | 11 63 8.268} 6.894 | 3.457 | 0.942

SEASONAL CHANGES, 1916-1917.

An examination of the tables will reveal some interesting differ-
ences between this variety and the other two already studied.

Two distinctly different sizes were chosen—the fruit picked from
tree K, being small, of average size number 97, and the fruit from
tree A, which was of medium size, average size number 64, more or
less.
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Eliminating the two samples not of size 64, in tree A, and com-
paring all the others, of size 64, as to weight, an increase in weight
per fruit is noticed from October 23rd on.

On this same date a decline is noticed in acid, and with only one
exception all samples thereafter show up more color.

The ratio increases continuously and practically without inter-
ruption, while the solids increase also almost continuosly after October
23rd, and the percentage of skin drops to a lower level on this date
also and stays lower in all the succeeding samples except two.

There is a slight increase in total sugars, but no steady gains
are evident, and the same might be said in regard to invert sugar,
although in the latter the gain is more pronounced than in the former.
The percentage of cane sugar decreases, although fluctuations are
noticeable. The ratio of invert sugar to sucrose gains from the very
beginning so that higher inversion is present from the start, or the
formation of invert sugar proceeds at a faster rate than that of
sucrose. The above data may suggest that this fruit came to full
-maturity some time around October 23rd.

In tree K the weights per fruit and per box show no regular in-
creases or decreases. Fluctuations oceur due to differences in sizes,
but taking all in all this item ‘may be conidered as fairly constant.

The percentage of acid shows small decreases from the beginning,
but on November 3rd it drops considerably to a much lower level,
and keeps on the decline to the very end. '

The juice content also increases from the beginning, but a de-
cided gain does not occur until November 3rd.

The ratio shows also a perceptible increase on November 3rd,
while the color assumes a more yellowish hue (with one exception)
after this date. '

The total sugars may be regarded as tolerably constant, while the
invert sugar shows a perceptible gain on November 21st and the cane
sugar, with only one exception, is lower for the samples picked after
this date. The ratio of invert sugar to sucrose is greater than unity
for the first time on November 21st.

In the case of this tree the fruit probably came to full maturity
some time between November 3rd and November 21st.

Both these tables again confirm the observation that the fruits
with the higher percentage of juice exhibit a lower weight per fruit
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Turning now to the table of averages (No. 19) we find that on
November 3rd the following observations may be made: The skin
and the acid have decreased, while the juice, solids and ratio have
incereased. The cane sugar shows evident signs of inversion on No-
vember 21st. With few exceptions these lower and higher levels are
respectively maintained on suecceeding dates.

It will be noticed that all the changes which may he taken as
marking the point of maturity of the fruit, oceur in this variety
somewhere near the same date as with the other varieties October 23rd
to November 21st, but with a much higher ratio, usually in the
neighborhood of 11. The writer is inelined to believe that this fruit
does not reach maturity under local conditions with a ratio of 7,
but with much higher one, only that its very low acid content makes
it appear with a legal ratio of 7 quite early, before it really is
mature. .

It will thus be seen that this variety reaches the legal ratio of
7 very early in the season, but it is doubtful whether this means
real maturity, at that early date.

Tt should be noticed that the per cent solids is much higher and the
per cent acid mueh lower in this variety than in the other two, facts
which account for the high ratio exhibited Ly this variety, which
reaches limits to which the others do not even approach. This ac-
counts for the staleness and lack of body of the juice, which is rather
insipid. The fruits of this variety contain less juice than those of
the other two. They contain more sugar and a closer ratio of invert
sugar fo sucrose, in many instances the sucrose being higher, a con-
dition very rare in the other two varieties. The total average shows
the proportion of the two sugars to be ahout equal with the suerose
slightly higher.

Comparing the two trees selected among themselves, we find that
although there is great difference in size and weight per fruit of
the fruit picked from each one, yet they agree pretty closely in all
other points of comparison.

COXCLUSIONS 'OR THE SEASON 1916-1917.

The data for this season Suggest that there are a number of
changes in the appearance and composition of the fruit the direc-
tion, rate, or nature of which may serve to indicate the point of
maturity of a grapefruit. These changes are, mainly, the color of
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the fruit, the gain in juice, the reduction of the rind, the increase
of the ratio of solids to acids in the Jjuice, the increase of invert
sugar, and the reduction of sucrose in the juice.

These changes oceur to a greater or lesser extent in all three
varieties, but the extent to which they oceur and the rate at which
they proceed seem to differ for each variety.

Based on the changes noted above, the conclusion is possible that
a grapefruit, no matter of which one of the three varieties tested,
when matured, always presents a ratio of solids to acids in solution
in its juice of at least 7. The “‘Triumph’’ variety under our loecal

. conditions comes to maturity with a ratio of solids to acids much
higher than 7, and probably between 10 and 11. All three varieties
came to maturity some time during the month” of November, bui
the ““Triumph’’ reached the legal ratio of 7 much earlier in the
season, as the first sample picked on September 22 already had ¢
ratio of solids to acid equal to nine. i

SEASONAL CHANGES, SEASON 1917 TO 1918.

For this season’s work ten trees were selected in ten differen
groves, which included some of the groves of the previous year, anc
some new ones. Of the ten trees selected, seven were of the Duncai
variety and three of the Marsh’s Seedless variety. The trees wer
designated this time by numbers instead of letters. No analysis o
soils or determination of sugars were conducted during this seasor
for lack of help. -

The places in which trees were selected and the type of soi
in which each tree stood were as follows:

Tree No. Owner or Manager of grove ! Location Type of soil
|
DUNCAN

D Mr. Newton .......... BayamoOn. . .qeeseesais Clay

8 5 ciamin s Mr. L. W. Davis..co... Vogn Alta. uomsmcaivis Clay

T AP ¢ Mr. E. D. Stevens..... Voga ALLa: «owomuis wsione Sand

B .. . Mr. M. L. David ...... Vega Alta.cccserrorsne Clay loam
Mr. W. K. Kaehrle....| Vega Alta............. Sand
10 isiquee] ME;, Ro L M8 cousess Pueblo Viejo.....vvuns Clay
11« seaess Mr. Guildermeister,...| Pueblo Viejo.......... Sand

MARSH'S SEEDLESS TREES

B iiv cwwoe Mr., E. D. Stevens..... Voga: At ccoe sswnmivs Sand

N Y Mr. W. K. Kaehrle....| Vega Alta.....cecvuu.. Sand
e My, Btanwoad s il e s smaisniis svv sniasesilsesansneames e s
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INDIVIDUAL TREE RECORDS.
DUNCAN.

. The vesults obtained for each tree are given below in tabular
form.

TABLE 21.
Individual Tree Records,
SeEasox 1917--1918.

Dxch of these tables was constructed as follows:. Ten fruit were picked from
he tree to whieh the table refers on each of the d‘ttes noted. This fruit was im-
gme:_]x.xtel~ analyzed, and the results tabulated as herein shown.

TREE No. 3—DUNCAN.

2 g
- 82t 2= 1% |5 | 8,13 |5.2|8 »
Date picked 5 | 82 | 8. | 83 | 85 | 8. |ezT| £, | E°E
o] Su e s-"? = o SSe ‘92 ""M;ﬁ
5 =3 S 2 | 3% 88 [=eog | =3 028
<" = NS &R &89 | a4 =
Beptember 614.25 i 2211 43,07 8.50 1.628 8.2 46 26,255
October 635 55 174 22,30 | 41.60 8.5 1.017 8.3 41 26,050
October 691.69 14 26.22 | 40.98 8.67 1 1.036 8.86 42 29,046
November 670.25 174 21.86 | 33.33 B8.60 | 1.000 8,60 42 28,670
Docember 667,00 174 25,90 | 43.10 8.65 { 1.000 8.65 36 24,012
January .} 85200 3716 1 25.00 | 43.00 8.20 { 0.933 8 80 57 81,464
Averages for the ! .
season,........ 645,07 14 23861 40.84 852 1.002 8.50 44 27,900
TasLe 22,
TREE No. 3—DUNCAN.
g 2
oL . 1w = = = % ol o®
" L] fo = g g 3 b5 o, 30 Low
Date picked £h | %% | 8z | 83 g3 8y o2 sl g, 5—; g
Lo Pt [k o] = 248 = O n 56T
> 3 o% oz o2 @5 SO0 B B ko
<" a [ [YRa BV & He= a4 =
-eptember 22 ,.......} B78.5 174 5.6 42,60 ¢ 915 1.313 6.98 48 27,672
Jetober 4 ... BB6G 174 26.0 38551 9.15 1,242 7.28 ? xeaas o0
detober 25 e [ D P O R PO
Jovember 12 ........1 516,28 174 21.66 8.7 1.017 8.55 48 81,019
Jecember 10 .....,,.| 586 174 235 8.45 0.94 8.90 49 28,714
anuary Y7 i) 852 y10{ 25.0 3.0 8.22 0.93 8.80 57 .81, 54
Averages for the :
Seas0n,...... ..t 589.38 174 24,35 239,94 8734 1.088 8.08 40.4 20,717
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TABLE 23.

Individual Tree Records—Continued.

SEAsON 1917-1918,

TREE No. 4—DUNCAN.
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2 g
o ] % - e - w Bl -3
g ] =25 g g ) 8 S, | & =
Date picked §w:;° ':uﬂ'f,‘, i‘;ﬁ § ® gg ?u 2§ F g % -50; 5
2 : = Pt~ | = |82 38 -
b | 26 | 84 | 82 | 88 | 28 (g2 38 | 28k
September 21 .. 6510.3 7182 24.2 47.2 8.5 1.328
October 4 576,32 174 21.90 40.16 8.76 0.939
October 26 ., 546,23 7782 | 2241 40.00 | 8.82 | 0.987
November 12 623.56 7732 | 20.00 | 40.00 | 8.9 0.850
December 10 ., 618 5716 | 22.00 | 40.90 [ 9.10 | 0.840
January 17 | sl s ssvmeanlewassivse ] aneens sesnsivie
Averages for the
season,........ 574.88 7182 | 22.10 41.65 8.814 | 0,9888 8.91 | b51.60 2047
TARLE 24.
TREE No. 6—DUNCAN.
. o g = b= 2 e e ) E
tog 28 =l 2 =] = onS | W e
Date picked =5 2% i 8g | 88 | 85 (o83 2, g:é’
£2 | 5 | 5% | B2 | 5S | 5% |S3e| 55| 23E
a= HO a2 o o= a = @2 ne <m/ =_u
September 21 5716 | 28.86 29,0
October 4 . 174 25.06 29.¢
October 25 . 174 15.55 80,
November 12 ., 932 | 26,19 30,4
December 110 . 174 25.00 98,
January Y7 e fssssnmelsuissrasns) s o e
Averages for the
season,........ 449.89 174 2412 29,
TABLE 25.
TREE No. 8—DUNCAN.
2 3
[ Q = o - —_ [ © =
X ) 28 g 2 =l = 0, | to e
Date picked g% 2% | 34 | 83 Sg 8y | 023 o | By é
= [ o] ] b =3 =t -
B | 8% | 28.| 8B | 28 | 2G | 382 | 24 | £26
September 21 463.05 174 28.82 | 4081 | 10.08 | 1.576 6.40 54 25.(
October 4 566,80 174 2250 | 41.66 9.98 | 1.427 6.29 54 30,
October 25 736. 11732 | 29.23 | 32.30 9,20 | 1.478 6.22 40 29,
November 12 , 634,90 932 | 2321 8214 9.50 | 1.496 6.35 48 30,¢
December 10 . 680. 516 | 21.70 | 39.00 966 | 1.830| 7.25 42 28,
January 17 ........| 713.00 9732 | 25.00 | 38.00 9.55 | 1.190 8.00 39 27,
Averages for the
season,...,.....| 632.45 982 | 25.07 | 87.32 9.49 | 1.416 6.70 45.8 28,1
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TABLE 26.

Individual Tree Records-—Continued.

SEasoN 1917-1918.

'TREE No. 10—DUNCAN.’

2 g
o o 2 - b= - Doy ©
- wf | g2 |2 g g g S,% | ® 289
Date pleked E_—;:‘., 2% 1 85 | 83 | 88 | 8y |omE P
D -~ - - - =Y c= v Do
e | 8% | 24 | BE | BR | B3 |Z%e| 53 | 28&
September 21 ...iiii]ieeiiioidnn.... IERTT U ITRTETTYS T T Trm A [ P
QOctober 4 174 43.20 | 10,60 | 1.690 6.27 59 398,940
October 25 7132 33,83 10.56 | 1.662 6.34 72 20,376
November 12 3 174 33.33 | 10.80{ 1.518 7.1 67 81,903
Dacember 10 X 24 44.00 | 1040 1.370 7.89 48 27,600
january 17 ........] 552.00 | 1p 41.00 [ 110} 1.550| 7161 &7 31464
Averages for the '
season,,,.. vesu| 507.01 174 24,861 88.09 | 10.60| 1.558 6,86 50.6 30,256
TasLe 27,
TREE No. 11—DUNCAN.
3 ¥
Q @ - -3 P - Do ol
" W 3= 2 g a g S,2 | % o H oy
Date picked 5%" 5 84 | 8g.1 83 §c o83 %u -ggi
= ) =] =S S 183 ] s
B | Ee | 84 | BE | B8 | 8% |35 | E3 | 238
September . T PP (ST FOP NPT I
October 4., s 5716 8.80 1 1.287 6.83 54 81,681
October 2 ., 5. 78 8,651 1.434 3.08 52 28,888
November 12 ,, 3} B716 9.00 | 1.500 .00 54 30,610
Decemher 10 ,, X 57116 8.90 | 1.260 7.06 44 25,620
Januvary 17 .. ..| 568.00 9782 876 | 1.260 7.00 51 28,713
Averages for the
season,..,,.,,.} 570.24 5716 26.19 | 24.88 8821 1,346 6.55 51 29,072

tree.

In the table below the results presented were bbtained by finding
the averages of the analyses of all samples picked on the same date,
for the dates noted. Ten to twelve fruits were picked from each
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TABLE 28.
Showing Biweekly Analyses of Duncan Grapefruit.
Sampled from seven different trees, and analyzed immediately after picking.

. SEASON 1917-1918—DUNCAN.

=t

- - - E L
= = = 2.3 | 35 5%
Date picked gg, g, | 82 [382 | 32 | a3t

D - - — Py B=
) B | 9 | 8B | S8 | g% |=E8:
September 25.18 | 41.51 8.94 | 1.347 7.2
October 2412 | 42.52 9.24 | 1.273 74
October 22,79 | 88.21 9.29 | 1.318 1.4
November 23.13 | 32.24 9.30 | 1.210 7.¢
December 24.87 | 44.14 9.28 | 1.3556 7.¢
January 26.25 | 39,17 9.40 | 1.230 i
Averages for the SeasON.......ocevenvecenanrs 573.02 24,39 | 88,97 9.24 | 1.2555 Tt

. The averages for each tree for the season may be seen in ftl
table that follows:

TABLE 29,
Showing Mean Composition of Fruit for Each Individual Tree for the Seaso

DUNCAN—SEASON 1917-1918.

|

L
o w G
2 a 3 oK s
e e emal & w8a%| 8 H 5 | %
50 o= & [<R=fr] =) 2 =3
TreeNo. | =828 | =, |2H5| 55 |SaUf| 83 | 88 | oE |3
PPEE | 28 |E<n| 55. |®EcE| 58 | 25 | 53 | 3%
AT 2% go_ fa |zdawm| &5 SE gs ;,,,
645.0 44 174 23.86 27,900 | 40.84 8.520 1.002 8
580.4 40 174 24.65 20717 | 39.94 8.734 1.088 8
574.88 51 7132 | 22.10 20,472 | 41.66 8.814 0.988 g
449.89 66 174 24.12 20,762 | 38.79 760 1.356 7
632.45 46 932 | 25.07 28,654 | 37,32 0.49 1.416 6
507.00 50 174 24,86 30,256 | 38.97 | 10.61 1 558 €
570,24 b1 5716 | 26.19 20,072 | 34.88 8.82 1.346 €

~ SEASON 1917 TO 1918.
DUNCAN.

Size—The size of the fruit has been mostly in the neighborho
of 46 and 54. Of 44 samples measured 19 ran from 40 to 49, wh
16 varied between 51 and 59. This coincides with the observatio
made during the season 1916 to 1917. There is no definite co
nection shown between the time of picking and the size of the fru
This may be due to the mixture of fruits from different blooms
the trees, and the practical impossibility of being absolutely su
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- that every fruit picked on successive dates came from the very same
¢ bloom. ’

Weight—Of the seven trees tested during this seasom, in four of
- them, trees Nos. 2, 8, 4 and 8, the weight of the fruit has inereased
throughout the season, while in the remaining four a decrease has
been noticed.

As regards the relation previously moted between weight of fruit
- and per cent juice, it is very difficult to establish any comparison,
due to the great variation in the sizes of the samples obtained. But
if we compare samples of approximate sizes from the same trees, the
same relation, with a few exceptions, is found to exist. )

In tree No. 2, taking the first four samples in the table, Webiﬁnd
the percentage of juice decreasing from September to November, and
the average weight per fruit inereasing in the same order. Again,
in tree No. 3, taking the samples corresponding to September 22nd
- and November 12th and Decemher 10th, we find that the sample for
November 12th, with the lowest per cent of juice, 31.57 per cent,
shows the highest weight per fruit, 646 grams.

The same-is evidenced by the three first samples of tree No. 4
and the samples for October 25th, and November 12th of tree
No. 11. .

Per cent juice—Contrary to last season’s results, the per cent
juice this year has not shown any tendency to increase, but has
rather exhibited fluctuations pointing to a decrease, although in many
instances a gain was made toward the last of the season. This is
shown not only by the tables for individual trees, but also by the
table of averages, No. 28. This may be due to the fact that the
fruit matured rather early this season.

The average for all the trees for the whole season was 38.97 per
cent, lower than last year, which was 43.57 per cent.

Per cent skin—In four cases, trees Nos. 3, 4, 6 and 8, the per
cent skin showed a tendency to deerease, while in two cases it re-
mained practically constant, and in one increased. This decrease
in the per cent skin is also noticed in the table of averages.

Thickness of shin.—An examination of the tables of individual
trees shows that this item is practically constant through the season.:
This is a sign that the fruit were already fully developed when the
first sample was picked.

Per cent solids in juice—~The vecords for the individual trees
show this factor to be practically constant through the season. In .
two cases, trees Nos. 4 and 6, a small, but perceptible increase is
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noticed. In trees Nos. 2, 10, and 11, increases in the hundredths
were noticed, so that they may be regarded as showing constancy.
In the other two trees slight decreases were manifested. However,
the table of averages for all the trees (No. 28) shows a small but
marked increase as the season advances. This coincides exactly with
previous observations. The average for all the trees for the whole
season was 9.24 per cent, higher than last season’s.

Notice that the solids are higher and the per cent juice lower for
this season than for last.

Per cent acid.—In all cases except one, tree No. 11, the per cent

_acid has decreased as the season advanced. This is also shown by

the table of averages. The lowest average shown by all the trees was
1.155 on December 10th, and the highest 1.347 on September 21st
The average of all the trees for the whole season was 1.255. This
makes the acid content of the Duncans practically the same as for
last season, when the minimum average shown by all the trees was
1.11 on December 29th, the highest 1.36 on September 25th, and the
average of all the trees for the whole season 1.205.

The observations of this year in this respects coincide with thos¢
for last.

Ratio of solids to acids—An examination of the tables will show
a steady gain in most instances. In only one instance, tree No. 2
was the ratio from the beginning higher than 7, and even here, ¢
slight, but steady gain was observed. The fruit from this tre
started with a ratio of 8.2 on September 21st, and gradually anc
uninterruptedly climbed up to 8.80 on January 17. It should b
noticed, however, that the rate of increase is very slow. In all othe
instances the fruit started with ratios lower than 7, even as low a
5.59, as in tree No. 6, and ended with ratios higher than 7, even a
high as 9.20 as in tree No. 4, which started with a ratio of 6.4. Thi
increase is shown by the table of averages, although not so clearly
as by the individual trees.

Taking the averages for all the trees on different dates we finc
the lowest average ratio occuring on October 25th, which was 7.238
and the highest on December 10th, which was 7.998. The averag
ratio of all the trees for the whole season was 7.36. This is slightly
higher than the average ratio for 1916 to 1917, which was 7.23. T
this season all the averages given for the different dates, beginning
September 21st, are higher than 7, while the corresponding aver
ages for 1916-17 are lower than 7 for the first three pickings, namely
September 25th, October 6th, and October 24th.
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During the season 1917 to 1918, then, we have less juice in the
fruit, more solids, practically the same acid, and very slightly higher
ratios than durmg 1916 to- 1917. The weight per fruit was higher
in the previous season. »

The mean composition of the Dunecan fruit for the two seasons
surveyed has been as follows:

Welght | poreent | vercent | Solidsin | acid . Ratio
Season perfruitin | “skin | juice juice | (eitricy [0fsOlldato
|
1916-17 eenvnnnns 602 28.25 43.57 8.70 1.203 7.2
1917-18. ..t ‘e 573 24,29 38.97 9,24 1.255 7.8

(G100

In a general way, the nature of the changes observed during
this season has been the same as last, although there have been some
differences as to the extent of the changes. This may be due to
meteorological conditions, as well as to the fact that the trees used
were not in every instance the same as those used last season. How-
ever, this last supposition is disproved by the facts if we compare the
records for both seasons of only those trees that were continuously
tested from 1916 to 1918. Following is a comparison. The trees
were designated during the season 1916-17 by letters and during
1917-18 by numbers. The equivalences are as follows:

Designation | Designation

Grove during 1916-17 | during 1917-18

Mr, Newton ceeeiannnesveanres .
Mr.E.D.Stevens......ociiiiiiinin . JS PN
Mr. M. L. David

o A

2
4
Cttsesesesevanesiteceaaroannn 6

As seen, then, tree T and tree No. 2 are the same; so are tree N
and tree No. 4, and tree B and tree No. 6.

Their records compare as follows:

R atlo of
Weigiht |Thicknes Percent Percent Solids Acld
TreeNo. | Jofffuit | ofskin | skin | Juiee | Injvice | (eitrie) | (g
Tree I ..... 657 516 | 27.59 | 42.51 8.64 | 1.124 7.69
No. 2.....| 645 174 23.86 | 40.84 8.52 | 1.002 8.60
Tree N. ...| 4716 174 27.09 | 42.77 8.62 | 1.166 7.39
No. 40000 575 7732 22.10 | 41.66 8.81 | 0.089 8.91
Tree B..... 1450.8 174 27.10 | 45.74 8.46 | 1.252 6.76
Now 6.....] 449.9 174 24,12 |  38.79 8.76 | 1.356 7.18
A £ .
1065 T o6 7732 | 27.56 |  43.64 8.56 | 1.514 7.28
s
Alefrges T ss6.6 174 23.36 |  40.42 8.86 | 1.115 8.86
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The very same trees, then, showed a record in 1917-18 different
from that of 1916 to 1917, and the differences noted are of the same
order as those found among the averages of all trees tested for
the two seasons. =

The changes undergone by Duncan fruit during this season, are
much less pronounced than during season 1916-1917; in fact, some
of them are totally absent, as no regularity in the variations have
been detected. Only the slight decrease in acidity of the juice and
a corresponding increase in the ratio of solids to acids have been
at all regular.

To aceount for this lack of uniformity in behavior, reference must

be made to the fact that the fruit showed a ratio of over 7 with the

first sample picked on September 21st. It was observed the previous
season, that when maturity was reached, the progressive changes
in the fruit ceased to be regular, and fluctuations due to individual
variations were apparent. The data on inversion of sucrose which,
as was seen, exhibited regularity precisely after maturity are nof
available to judge the behavior of the fruit during this season, but,
with the data at hand we are safe in assuming that this fruit was
ripe already when the first sample was picked, so that the changes
which make for maturity had already taken place, at least, to a very
large extent. :

As will be seen further on, this early maturity may be aseribed
to a reduction in the rainfall, which also accounts for the lower juice
content and higher solids in juice found in this season’s fruit.

Again, the fruit exhibited a ratio of over 7 when matured. Both
maturity and ratio were reached very early this season. Most of
the trees had matured fruits in October.

SEASONAL CHANGES, 1917-1918.
MARSH’S SEEDLESS.

Only three trees of this variety were tested during this season
trees Nos. 5, 7, and 9. The composition of their fruit was found
to be a follows:
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TasLe 30. v
Individual Tree Records.
Seasow 1917-1918.
TREE No. 5-—MARSH'S SEEDLESS.
%
2 - g
. o & ey Py - =2 - 2 [} M
. gz | 22 | B B, 18218 |°x%| % |2=s2
Date picked 5%"’ };‘5 ?’:E §§ %g §'§ §§ 3 g 0 %gg
e 1 E% | g4 | BE | £8 | 28 282 % |zak
September 21 ...... voea 444015 516 26.85 42,55 7.811 1.187] 6.880 64 28,426
October 4 i) 412,27 174 25.00 | 45.00 7931 11211 7.00 72| 29,6823
QOctober B oo | 51018 5716 | 26.66 1 42,26 708 0,963 792 611 30,121
November 12 ....,.....| 582,86 5716 | 25.58 38,38 730 0896 833 57 | 30,878
December 10 ... .. vees] 508.00 174 | 27.000 47.00f 7.20] 0880 819 62 31,3712
January 17 ...... PR PR P PP P R TN
Averages for thé geason; 481,09 9732 | 26.21 | 43.01 7871 0.985] 7.60 63 | 20.0¢4
TasLE 31,
TREE No. 7—MARSH’'S SEEDLESS.
P g
D D - - - - . oY =3
)=t =1 = ] = = O 5T &0 ==y
Date picked ,’EE" £3 8a Sg S - o _,'35‘, E” 5»15
[ - =T - = ST R R W =
Z: | ES | B% | 82| E9 | 85 (282 3% (225
September 21 ...,...... 652.05 5716 ; 28.90 | 384 9261 14520 6.37] 46 29,094
October LIRTTTTTORINS DTN NUDIUOR DD FOPUINEY ISR FORIOR SPPRIIY N ISIETTS P
QOctober o N 555.54 932 | 24481 3265 10,00 | 1.541 .48 59 22,777
November 12 .., ...... 538,86 174 2840 1 30.00 9.80 | 1.4%5 6.64 60 32 231
December 10 .,.,...... 609,00 5716 28.00 | 36.00 980 1.380 7.38 46 28,014
January o) G400 174 27.00 | 42,00 8,50 128 7.60 48 30,912
Averages for the season| 599,89 0321 26.86 | 35.81 973 1419 6.85 51.8 | 28,805
TABLE 32.
TREE No. 9—MARSH'S SEEDLESS.
©., o, = o = - e Y -
y . £, =] 2 = =3 o= o 2oy,
Date picked §§° g4 g, 83 35 8 g§2 ) gw .g”;g
o = [7r] [Teea] [T =D S= 7 81 ‘T O
zE | % | 8% | 8E | 28 | 2% |2%8| %% [22%
September 23 ..... eeen] 4212 5716 28.84 | 46.16 820 1.32% 6.18 68 1 23,641
Qctober 4] 416,70 7 26.80 | 47.72 820} 1.316 628 84 | 96,605
Qctober 2B .. RSN [N PR— PP O . IRV FROT
November 12 ........ . 464,84 B716 | 26.82 { 41.46 8.10{ 1.097 7.38 64 | 29,749
December 10 ......... .{ 483,00 5716 } 83.83 1 45.00 7701 1030 7.81 60 | 28,080
Averages for the season| 446,18 982 | 2882 ] 45.08 .05 1,197 6.72 G4 7 28,493
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TABLE 33.
Showing Biweekly Analyses of Fruit Picked from ‘Three Different Groves.

On each one of the dates noted 12 fruits were picked from each of three trees
set aside in three different groves, and the samples thus collected were separately
analyzed. The results of the samples picked on the same date were averaged, and
the averages are tabulated below.

SEASON 1917-1918—MARSH'S SEEDLESS.

D = = bt A St 0 9 "
: ) = = = g S wl & a1
Date picked ?,E" 3, g3 82 8 gﬁg gw g%%
I ' =] i =5 p N

2B | &% | 82 | 88 | 85 | 382 | 5% |EER
September 28.35 41.97 8.83 1.372 6.43 46 22,775
October 25.65 46.36 8.06 | 1.318 6.61 68 28,151
October 25.57 37.44 8.81 | 1.252 7.03 60 31,972
November 26.25 36.58 8.40 | 1.149 7.31 60 30,781
December 29.44 42.66 8.26 | 1.093 7.65 |- 56 29,820
January 27.00 | 42.00 9.70 | 1.280 7.60 48 | 380,912
Averages for the season......,. 521.78 26.87 41.16 8.67 | 1.227 7.09 56 29,219

TABLE 34.

Showing Mean Composition of Fruit from Each Individual Tree for the Season.

SEASON 1917-1918—MARSH'S SEEDLESS.

g 3 By '
oL [ o = o = =] ~ | =
g o~ w [ &0 =h) = 2 A g o © o =
Hroaiim Ews8 | B0 | 83 | 32 |B=u| 83 | 83 | oE | 283
R - wg |5 =t = e, BD
EeEb | Rd | Bo | 84 |2E8| BE | BB | 88 |gss
481.00 63 9732 | 26.21 | 29,994 | 43.C1 7.57 | 0.9954 7.60
599.89 52 9732 | 26.36 | 28,805 | 35.81 9.73 | 1.419 6.85
446.18 64 9732 | 28.82 | 28,493 | 4508 8.05 | 1.197 6.72

Weight and size—Both variable. There is a tendency to in-
crease on the part of the former, while the latter may be considered
as practically constant. The increase in weight is shown by the
weight per fruit in the tables for individual trees, and by the weights
per box given in the table averages. (See tables 33 and 34.)

There are only two instances where a comparison can be made
between the weight of fruits of the same size, viz, among the samples
picked from tree No. 9 on October 4th and November 12th (see table
No. 32), and between the samples obtained on September 21st and
December 10th from tree No. 7 (see table No. 31).

In the first instance the fruit with the higher juice content weighed
less, while in the second the opposite was true.
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Per cent juice—During this season there has been considerable

fluctuations in the per cent juice. If in tree No. 5 (see table No.
~30) we compare the per cent juice for fruit with a ratio of less than

7 with that of fruits with ratios between 7 and 8 and fruits with
ratios above 8, we find the juice practically constant. In tree No. 7,
‘however (see table No. 31), the fruits with a ratio of 7 or more have
a higher juice content than the fruits with ratios below 7, but the
reverse is true of tree No. 9, where the fruits with ratios below 7
have the higher per cent of juice. The table of averages for this
season, No. 33, shows also.a higher content of juice for the fruits
with ratios below 7. This may suggest that the Marsh’s Seedless
begin to attain maturity when they have a ratio of less than 7.

Average of all trees for the season, 41.16 per cent. Iighest aver-
age, 46.36 per cent, on October 4; lowest, 36.58, on November 12-17.

Per cent skin—It has not been possible to trace any consistent
change in a fixed direction during this season. There has been much
fluctuation, and the factor may be considered as practically constant
for this fruit within the ratios observed. This is shown both by the
individual tree records and by the table of averages for this season.

Per cent solids in juice.~This item may be considered as constant
for this season within the ratios observed. A mere inspection of the
tables will convey this impression. The average for each tree dif-
fers very little from the first figure obtained for the season, and in
fact, from any other figure in the table. The same is true of the
table of averages as the percentages obtained in each case on dif-
ferent dates for a given tree lie as close together as could be expected
within the circumstances. Of course, there arve notable differences
among individual trees. So the average for the season for tiree
No. 5 was 7.57 per cent, for tree No. 7, 9.73 per cent, and for tree
No. 9, 8.05 per cent.

The average of all trees for the whole season was 8.67 per cent.
The highest average of all trees for any one date was 9.70 on Janu-
ary 10th, and the lowest 8.06 on October 4. Among individual trees
the highest per cent obtained was 10.0 per cent for tree No. 7 on
October 25th, and the lowest 7.20 per cent for tree No. 5 on De-
cember 10th.

Per cent acid—There is an uninterrupted, notable decrease in
acid content all through the season. However, the decrease is much
more rapid after a ratio of 7_is approximately reached. The decline
really starts when a ratio of 6.5, more or less, is obtained, somewhere
around October 25th.
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In tree No. 5 the notable decrease occurs on October 25th with
a ratio of 7.92. In tree No. 7 the first decline comes after October
25th, with a ratio of 6.64. In tree No. 9 there is a very slight
decrease on October 4th, with a ratio of 6.23. The sample for Oc-
tober 25th, was missed, and the next sample picked, on November
12th, shows a notable decrease with a ratio of 7.38. It is not going
beyond the limits of a reasonable possibility to suppose that on
October 25th a perceptible decrease in acid should have been no-
ticed in this sample.

In the table of averages for all the trees, the decline becomes
constant after November 12th-17th, although the samples for Oe-
tober 4th and October 25th, were lower than the first. However,
the latter, with a ratio of 7.03, was higher in acid than the former,
with a ratio of 6.61. '

The average acid content for all the trees throughout the season,
was 1.227. The highest average for all the trees at any date was
1.372 on September 21st-23rd, and the lowest, 1.093 on December
10th.

These per cents are higher than those for the same fruit last
season, and the average for the season is practically the same as
those obtained for the Duncan fruit for the season 1916-17, and
1917-18. :

Among individual trees the lowest per cent found was 0.86 on
fruit from tree No. 5 on December 10th, and the highest, 1.541,
in the sample picked from tree No. 7 on October 25th.

Ratio of solids to acid—The ratio has increased all through the
season, but rather slowly. Two trees failed to make an average
of 7 for the season. The ratios very rarely went beyond 7. The one
tree which reached an average of 7 did not reach 8. Taking the
table of averages of all trees for the season, the first average ratio
of 7 appeared on October 25th, just about the date when the decline
in acid content started. By the end of the season, on January 10th,
the ratio attained the highest average for the season, which was
only 7.60.

CONCLUSIONS.

The changes undergone by the Marsh’s Seedless grapefruit during
this season were much less perceptible than last season’s and in many
instances were totally absent. As the changes in juice content, per
cent skin, weight of fruit, and ratio of solids to acid take place
with more intensity while the fruit is yet unripe and is progressing

fr———r AR e W
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toward maturity, it is safe to assume that the fruit in this season
Was very near maturity when the first samples were picked. If
this is coupled with the fact that the characteristic decline in acid
occurred this season with this fruit when the ratio was about 6.5, and
notice is taken of the first average ratio of the season, which was
6.43, it will be seen that there is ample room for the assumption
expressed above, and further, to suggest that this variety of grape-
fruit is capable of reaching maturity with a ratio of less than 7,
but quite above 6.

Comparing now the averages for the two seasons, we make the
same observations as in the case of the Duncans; that is, the fruit
for the season 1917-18 has less juice, more solids, rather higher acid,
and practically equal ratio. The sizes are about the same. This
was 50 in the case of the Dunecans, as well. The weight per fruit
in the case of the Marsh’s Seedless, though, was practically the same,
only very little higher for the 1917-18 fruit. The figures are pre-
sented below.

Sepson Weight [ Percent T,?;‘;;‘ . Pej cent! Solids Acld ﬁ‘:}f{é;’ f ‘Average
perfrult| skin | orgkin [ Juice |injuice | (eitrie) | ¢ peia size

191627 .., 509.8 30.88 | 2561 44.94 7.91 1.117 7.08 3]

1917-18... ...l 511.8 26,87 f.......... 41.16 8.67 1,227 7.00 56

This is indicative of the fact that some fixed cause was acting to
produce identical results, and the only ome factor in this case that
could affect all the trees in approximately the same way was the
weather, as this was the only one that was very nearly the same for -
all of the trees in a given season.

SEASONAL CHANGES OF GRAPEFRUIT, 1918 TO 1919

As already stated, only Duncan fruit was used during this season.
As explained observations were made on the color of the skin, the
taste of the juice, and the consistency of the cells. The same system
of notation for color as that employed hy Mr. Cady was adopted.
For deseribing the taste, the term *‘tart’” as used by Collison* was
employed, for designating that particular taste which is neither
entively sour nor sweet but which is rather a kind of middle point
between these two extremes. Then the words “‘sour’’ and ““hitter’’
variously modified have heen made to express obvious variations in
taste. The juice cells have been ‘deseribed ag “‘well filled” when

*Bul. 115, University of Tlorids Agricultural Experiment Stotion, “Sugatr and Acid
in Oranges and Grapefruit,” by 8. B. Collison,
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they have been full of juice, turgescent, well rounded up, and with
an even, glossy surface. When this condition has been present, but
not to perfection, the terms “‘filled’’ and ‘‘partially filled’’ have
been employed. In the absence of these properties the terms ‘¢
and ‘‘hard’” have been used to describe them.

dry?”’

It was during this season that determinations of nitrogen, phos-
phorie acid, potash, and ash were made on the whole fruit. How-
ever, these data will be given and discussed in a separate section
of this work.

Analyses of samples of soil and subsoil taken from around the
bese of each tree were again made, and the results are given below.

The trees were again designated by numbers, following the nu-
merical order of the previous year.

TREES SELECTED FOR THIS SEASON’S WORK.

All trees selected were of the Duncan variety, except tree No. 1%
which was a Marsh’s Seedless.

No. of 2 [
Manager or owner of grove ?he Location Type of soil
trees l
Mr. E. D. Stevens 12 | Vega Alta, ... ivouiseiesnosss | Sandy
Mr. E. D. Stevens.., 18 | Vega Alta.:..oivisvsivivsnses | Sandy
Mr. M. L. David .... 14 [(VeRR BB’ civiasieiansossse Sandy loam

Mrs. C. D, Smith , 15 | Vega Bn_]a ...........

Mr. E. R. Day...... - 16 | Manati.. ... Clay loam

Messrs. Scoville and A 17 | Manati... ...| Clay loam
< 18 | Vegm AMa...cosussvarinvansas [ Sandy

Sandy loam

COMPOSITION OF THE SOIL.

The analyses of the soils and the corresponding subsoils in each
grove are given below—on their water-free basis.

Mr. Stevens’ Grove—Trees Nos. 12 and 13.

Soil Subsoil
Color ...... Dark brown Yellowish brown
Type....... Sandy Sandy logm
Depth of soil. a7 15 (T o R MM S
Depth of subsoil sampled .. ... oiiirieeinieiis | ereerrenenns Two feet
Moisture ....... 1.24 per cent... ...| 1.50 per cent
Voatile matter............ W «.| 5.84 percent..... .| 5.00 percent
Insoluble matter ............ .. | 88.68 percent,,.,. ...| 81.51 per cent
Nitrogen 5 ........................... ..| 0.420 per cent..... ...| 0.140 per cent
Phosphorie anhydr!de (PgOg) sevevanane, .| 9.102 per cent, .. ...| Traces
Caleium oxido (Ca0)..uevivrinninn os | WONG:, v vsoivnvaia .| None
Iron and aluminium as (Fe20 8).- ¥ 5.54 per cent.,, 7.03 per cent

Potash (Kg0)..eveescsreeininasiiissnniincinnnnans PERCO s vienuansiviios cnntiih Traces
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Mr. H. L. David’s Grove—Tree No, 14,

Soil Subsoll
Color. voiiuviiiian o M- vereveiiaseaereees i Reddish brown ....ovee..| Red
Type ....... . Sandy loam..... ...{ Sandy clay
Depth Of S03 <, .nnnnne.. Two feet ., Noue
Depth of subsoil aampled e ever e aene Iclgl{teen inches
Moisture . .: 1,6 percent.. ..} 1,46 pereent -
Voletile matier. ... . . vevreresl B.B1 pereent..iiioen. 6,47 per cent
Insolubte mntier . . car . 83.48 pereent.. Leeae.] 81,79 percent
Nitrogen (N} . 0. 106 perecent, ... ....... 0.078 per cent
Phosphorice anydride (p.)o.,).. teeisnenseereeaes] 01 pereent.... ... veeesdd 0,080 per cent
Caleinm oxide (Cn0).. PP Traees...co.... <eeu.i Nonte
Iron and alumininm oxide as (l=en03l .. 8.286 percent.. ...} 7.19 percent
Potash (KaO)..vuovuene. et teveer] 0.0014 per cent............| 0.003 pereent

Mrs. €. D, Smith’s Grove—Tree No. 15.

Soil Subsoil
L0 U 5 Light brown .ovu.veusuien.ag Red
Type...... Lol Sandy ieam., .. .evavee 4. Clay
Depth of soil. Nine inches. preneneaitieiareiinnecaasan s
Depth ofsubso sampled ... L .i Irifteen inches

Moisture ,...... . 1 O per cent
q 6.26 percent..

83.59 per cent,,,.

1.70 per cent
8.77 per cent

Insoluble matter . 75.50 percent

Nitrogen (N)......oeeesss . ..} 0112 per cent.. 0.089 per cent
Phosphorie anh)mide (PqO,,). . ... L100 per cent . 0.106 per cent
Caleinm oxide (Ca0).. werrestraaearaay P T TP .
Iron and aluminium oxides as (e 303) ....... 16152 per cent.., ETTTITPR A 9,80 per cent
Potash (KoQO)..vvvvnnnnniann vereeraeanrnsanseear! 00,027 peX cento.L.i..aa. ] 0.055 per cent

Mr. B, R. Day’s Grove—Tree No. 16,

Soil ] Subsoil

Red .....covivviiievaiinnnas] Red
.j Clay
Eigh inches...

Tiwelve inches

2,32 per cent. . 2.90 percent

Vo!ntile mutter. ...... eraiees 11,81 per cent.. 9.47 per cent
Insoluble matter ........oou.en. N . 66,09 percent.. $7.62 per cent
XNitrogen (N).. 0.189 per eent.. 0.157 per cent
Phosphoric nnd}drlde (Poo‘,) ....... . 0.180 per cent.. 0.114 per cent
Caleium oxide (CAO). . coviivriiavianaennes L1 0,221 per cent,. .. { Fraces
¢ Iron and glumininm oxides {as F eo 03) ........ 14,26 pereent...;... .1 22.99 percent
+ Potash {(KoO) ovviiiiii ciiiiiiiiininciiiniin 0.043 per cent,.... 0.007 per cent
Messrs. Scoville & Castle’s Grove-—Tree No. 17.
Soil Subsoil
Reddish brown.,.. Red

Clay lonm........ i, Clay loam
Teu inches...

gIJeptlz ofsoll .,

Depth of subsoil sampicd .......... Ten inches

Moisture . 1 "91 per cent cean 2,13 percent
Volatile mntler 10.12 percent......,s.venn- 8.03 per cent
Insoluble matter . 72.82 percent......... 71.32 per cent

Nitrogen (N) 0,195 per cent.

.o.j 0.134 per cent
0.160 per cent,

Phosphoric anhwdnde (Pq 05} veeaed 0.147 per cent

tCalelnm oxide {Ca0), ... . 0.235 per cent. .evo| 0.221 percent
Iron and alominium oxides (us Fe203) vesesredd 11,47 per cent. cov.} 12,00 per cent

Potash (KoO}.civvviiiireninvianeniiiniisaaeen | 0,025 pereent.............| 0.01 percent
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Mr, W. X, Kaehrle’s Grove—Tree No, 18.

Subsoil

Red

.1 Sandy loam
"Eighteen inches
1.14 per cent

Color ................... T Dark brown

- ..] Sandy ......
Depth of Soil. ... iii. Six inches
Depth of subsoil su.mpied B D P T T I
Moisture . ..t 1,18 percen

Volatile matter.......... ceesr ) 6.81 percent,,,. 5.42 per cent
Ingoluble matter ............ tereernansassasss] 87,95 percent,.......... .1 8156 per cent
Nitrogen {(N) . iouvrvrierriniroarinianns ervesasssrna (¢.189 per cent,.......... .| 0,134 per cent
Phosphoric anhydride (P403)...... teeerraneeees) 0.134 per cent,. L 0l150 per cent
Calcium oxide {(Ca0)..... ..ovuv... v.ees} 0,188 per cent,......... ...] 0.124 per cent
Iron and alumin!um oxides’ {as P e:Os) ........ 8.79 per cent..... ceeessedl 6,40 per cent
Potash (KoO)....ccuuunnn beineeravensersansaarnnes] 0.085 percentv............ 0,053 per cent

These samples were taken with a gage of 4 diameter.

Physically and chemiecally we have here two distinct types of
soils, as may be seen from the following comparative table, in which
the numbers of the trees have heen used to dlfﬁerentnte the groves
on which they stand.

2 = Srg )
EE g 2% : .
meeNo. | 25 | £ | B2 | rowsn | OGP TS| ocolor

A Z [>a
12and18...c.--../ 88.68 | 0.420) 0.100 | I'races | None 5.54 | Brown
14..... e ...l 83.48 | 0.106} 0.114 { 0.0014 Traces 8.26 { Red
16...... vees e 83591 0.112 0.109 ] 0.027 None 6.52 | Brown
180iinenns veseee..) 8795 1( 0,189 0.134 { 0.085 0,18 3.79 | Brown
16. .0 ereeee.n. .| 66.09] 0.189 1 0.180 | 0.043 i 0.22 14,26 | Red
17,00, .. NN Por2.92F 01951 0.16 0.026 0.23 11.47 | Red

Trom the physical point of view, the first four samples are of the
same kind, sandy soils, while the last two are clay soils. All excep
one of the sandy soils are of brown color, while the two clay soil
are red. '

Chemically, we have a group of soils (which composes all of th
sandy soils, except the one corresponding to tree No. 18) which ar
rather deficient in plant nutrition, and another group, composed ¢
the clay soils plus the sandy soil corresponding to tree No. 18, whie
are soils of a fair degree of fertility. Moreover, the composition ¢
the different soils in each group agree fairly well if differences ¢
minor importance are waived, so that we can simplify matters b
assuming that ‘we have only two kinds of soils to deal with. It~
well to keep these facts in mind when we come to discuss the effer
of the soil on the composition of the fruit.

COMPOSITION OF THE FRUIT.
INDIVIDUAL TREE RECORDS.

The seasonal changes undergone by the fruit on each iree
shown by the tables that follow:



TABLE 35.

Individual Tree Records.

Seasor 1918-1919.

TREE No. 12-~DUNCAN.

Date picked

Color

October 28 e
November 12 .,,,....
November 26 .,,,....
December 12 .,,.....
January D ririien
Januery 20 .,......
+ February 21 ., ...,

Averages for the
SORAS0N

G Y. T
Y. q

Gy,

Y....

ceeriavirrran

Date picked

Color

October 28
November 12
November 2
December 12
January 2
January 2 .
February 2

Averages for the

season

a a l Eo o
[ o =1 “ b=4 -1 b=4 © bl w Co
b n'E o =3 . a = < g 20 - = [SF TSl

@ -t -0 [P e |l =" Ledry g $o =
=8 | Fs | 2% | 82| 2% | 2% (582 I3 | AR | 3 2885
575.04 894 | 1151 7.767 51 [
£36.29 8261 1065 | 8260 34-46 | 4.030
541,47 910 | 1.015 | 8965 | b4 | 1,977
589,67 880 | LOIS | 864 | 46-64| 3.220
§55.66 500 | 0.9537 | 10.82 | 46-54 | 8.410
586,75 8.70 | 0041 | 9.24 46 | 8.480
595,35 8,80 | 0.837 | 1051 51 | 3.970
584.77 8.80 | 09972 | 8.82 48 | 3.3478
aBLy 36,
TREE No. 14—DUNCAN.
g b=

or &
ouE @ = = - w o = S
&) ag = o a S i & = =
» = P~ =] Bt -3 o N » o Lo ~
k=8 | 8% $2 | 22 | g% (g%2 | 3% |25 | 8 | &8 a

101,75 1431 | 815 e8| sssi......0.....
317.4 424 | T 69| 5.0 | 4.885] 10,85

351,86 1.827 7.76 8| 224 | 2671] 5057
400.92 1.399 7.98 721 38 | 27201 6.604
41107 1.071 9.29 80 | 363 | 2932 6717
388,37 1.162 7.61 8| 366 | 2310 6.000
433,75 0.8195 | 12.08 6t 32 | 2500 6.363
386,86 1.226 .36 781 391 | 3.010| 6879

¥

Congistenc,
of eells

Taste

THONVHD TVHALVN

o
=




TABLE 87.

Individual Tree Record—Continued.
SeasoN 19318-1919. )

TREE No. 15—DUNCAN.

(s
o o [
0,8 o - w w“ w - ° & “w Sg .
. B 28 E = g g Sul | . 2 Culy | P Consist-
Date pleked gg,,a 4% 8. | 23 | 838 e | o2 gl e, | B2 - =& |egag | Color Teste ency of
‘90‘:[ -;.:' e St Py = '4'3'5‘° @ bg’ a :'E-D g*’i"g
R | FS | % | 821 88 | g2 282 4 | B8 &8 an |SEGR
October 28 ... &IL71| 371561 25.26| 30.60{ 10.21{ 1.403| 6.93 61 BohEE e Well filled
November 12 ..., 518,12 1216 | 25,98 | 42.37 0.7 1.289 7.62 HEl Taxt,,......] » =
November 26 ..,... 56131 82| 2647 43.62 9.3 1.187 7.8 51
Decumber ..., seessaesaaliensrons e 4y vesaas]ora.ssan PRI PTG FEN
Januery 2 ..., 487.62°| w32 | 9.761 43.81 1 0.2 | 1.096| 8.39
Jeouary 20 ...... 521.64 | @32 11 40,00 | 910} 1.007 ) 9.08
Averages for the | 525.08 | 7782 { 2674 41.88| 050 1.210| 7.8 8.65{ 2.896{ 6.699 1.260
serson : e
TaBLE 38. 7
TREE No. 16—DUNCAN.
= i
4 @ & :
o 8 z - = - - ® 24 =« 29 Consist-
! . £ =g =1 =] ] =1 £ - 2 R + "
Date pleked S.E_Da 22 1 84 S5 By gé’g 2o £E z oBgg Color s enc:ilgr
K] 2 | 5% 53 | 5% |53 ey | =2 | = EEEH z ce
255 ::Q gjm ;‘_:m &:S zmS ;':')' Er g ;355 . ;
October 28 419.89 | 6716 | ,26.54 1091 | 16361 712 Filled
November 12 41671 | 932 29.93 107 1360 | 7.86 ”
November 26 . 893,66 | 16| 21.30 10.2 | 1455 7.0 ”
December, 2 10257 | 92| 5273 102 | 1459 700 »
January = 2. 394,04 | 7732 | 26.81 100 | 1807 7.65 »
January 20, Jq o 498,96 7782 | 3058 » 9.8 1.281 7.63 N
February 24 ........ 1 40540 316 | 2611 10.7 1.182 905 »
Averagesforthe | 11875 | 8§82 | 28,07 | 40.01 | 1036| 1369 7.56

jors
w

WEALTADIYOV O INUWLAVAIA JHL JO TTVNYN0L
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Individual Tree Record—~Continued.

" TABLE 39.

SEasox 1918-1919.

TREE No. 17—DUNCAN.2

- e
»n [ N
& 0
B ) < 2 9 = Sl S = w2 Consistency
Date pleked gf}, gg g a §3 g-"u’ §,° Zg“g ;_?o L ta . =8 SEES Color o cafl
i L. - - = =t =44 [ 2w = SW | Spwe + cells
4= | ES | 8% | BR | 2% | 2% 389 3% | 58 | & | &% |EAEs g
Qctober Fruit too green to be picked at thisdute‘ ripe fruit ed already been picked FOUPUR! FOTOR R N P TPPPPN P P R
November 975,00 4716 36.00 1 28,67 1.738 1 6.92 801 3.62 8.421 7,222 1038 G, Y. ......] Sour Hard dn
November 321,10 77821 28.22 | 36.28 10 aO 1.868 | 6,23 80 ........... FPTTS UL (DD K - TN A ” Partielly filled 2
December 436,73 516 | 2160 33.791 10.56 1.783 6.08 24 319 3.050 | 6,402 1045 G, ........ " Filled e
January 396.00 7132 2648 | 38.46 10.55 1.569 | 6.76 78] 3.58 3.760 | 7.639 0.952 | @&, tvoss M N =
January 402.67 4716 ] 2820} 32.05 1045 | 1,782 { 6.03 701 8.73 9,734 6,609 T1.864 |oeeverenninnns " N o]
February 453,60 4716 1 85,55 | 26.66 | 1L.70 | 1474 | 7,937 62| 4.79 2,746 7.68 L9385 | G. Y. ....... " " =
Averages for the] 382,66 174 29,34 32,63 10.67 1.683 | 6.839 4| B.782| 3.142] 7,088 1.206 p
season
— Q
TABLE 40. E
TREE No. 18~-DUNCUAN. @
.......... - )
& Q )
. - - - o e @ « Qo Consist-
= = H A O nB . =] w a
Date picked . 25 |35 | 83 | 83| 8, (2854, | 85| & | gg |sBgE| cowr Taste | eney of
B T -y pt=) ] == @8 bl 4 S | Hetro ceils
P oo o4 D= og 02 dgg oy =ﬂ - o= SHZ=
<7 A, e Py a 'Y [ PR o e S o0 Eman
QOctobar 458.04 29.82 41.89 8.44 1 1173 7.195 Y B P SO weeeee.l G B XYL T Adittle sour] Well filled
November 561.20 | 2846 | 41.34 8.556 | 1.111 7.690 50 2951 4,103 ] 7.270 078 S. Yo ... [ Tart,.......| " ”
November 162.17 | 25.85 | 44.56 8.30 | 1,117 7.480 54 6271 2.21219........ 2848 | Y. G, i i " B
December 601,77 | 26.78 | 45.35 8.60 |........i. rranen 61 2,99 [ 2407 { 5.629 12421 G Y. ..., A little sour| ”
January 2 . ...ieiediiieiieens 25 00 | 40.56 8.35  0.9712 590 57 236 | 2.726 | 5.229 0866 | G. Y.,...,..| Tart,,.. " i
January 338.66 | 28.43 | 4216 8.25 | 0.8619 | 8.576 |- 56 318 2421 | 5.629 13131 G. X...... ” ” v
February 484.78 | 26.08 I........| 850 0.011 [ 9.330 65| 880 1720 5610 2900 | G. Y. " "o
Averapes for the season| 49448 { 27,14 [y 42.64 841 | 1,041 8.07 60 3.59 1 2508 | 6.32 1,381 .
1 wyidently this tree was picked periodically by the plantntion owners, so that the fruit left was always unripe. This tree has not been used in <
the computation of averages. 0
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{

The average seasonal changes of the fruit during this season was
calenlated by averaging all the samples picked on the same date and
constructing the table that follows. This table, then, shows the mean
composition of the fruit on the dates specified.

TABLE 41,
Showing Biweekly Analyses of Fruifs.

Sampled from six different groves, and analyzed immediately after picking
(One of the trees included in these averages was Marsh’s Seedless.)
-

SEASON 1918-1910—DUNCAN.

o ;éa Z

o aa = 2 - e -
1 o £y g g Eul| & | Cul 2 1 %=_F
Date picked §a 35 29 gé-i 3N R ‘éa ’E’ép a 2:§§,§

N = Beomt 4 op S Bt - - < El pe)
Gw | 8% |22 |8%2| 85 | &% Z& | 8% | & |EEse
Qetober 24,1918, .., F‘IGO.OO 2591|3846} 9.87 1.318 § 7.5091 83124, ......0...... [
November 12, 1918, .| 508,31 | 26.68 | 41.72( 0.44 1,202 { 7.803) -L,040] 8456 4,93 0.9
November 26, 1918, 474.31 | 24.91 {42,931 9.25 1.200 | 8820 1,960f 5.401} 2.66 1.7,
december 12, 1918,,.1 476,00 128,10 {44.38| 0.84 1.218 7.025 ] 3.085) 5.853) 2.63 1.1
January 2,1019 ., .1 468,09 | 24.83]42.00] 9.1 1.060 | 8.808! 32401 5.080! 2.56 1.2
Januvary 20, 1919 ..} 502,17 | 28,401 40.00] 9.89 1.187 ; 8366) 3.520) 3.828 2.26 1.5
February 24,1819, ...} 482,57 [ 26.38 {45640 976 | 0.961 9948 | 9.920 ¢ 5.996{ 2,15 1.8
Averages for thej 486.05 | 25.47145.25| 9,387 1.164 8.06 32981 6.078| 2.64 1.5

season

1938-1919.
DISCUSSION OF RESULTS.
As in the previous seasons the results as presented in this s

of tables will now be discussed by topies, and the coincidences, :
well as the disparities existing between this season’s results and tho

of previous seasons duly pointed out.

DUNCANS.
1018-1919.

Weight and size—DBoth these factors show considerable fluctu
tion, and no definite tendency to either increase or decrease regular
throughout the season. The corrvespondence of larger weight
'smaller juice content in fruits of the same size is again noticeal
here. - ' .

In tree No. 12 the samples picked on October 28th and Novemk
26th both of size No. 54, show, the former 30.82 per cent juice a:
a weight of 5756 grams per fruit and the latter 44.1 per cent jw
and only 541 grams per fruit.



NATURAL CHANGES. 71

In tree No. 13 the samples picked on November 12th and Novem-
ber 29th, both of size No. 54, show 40 per cent and 43 per cent juice
respectively, and their corresponding weights per fruit are 615 grams
and 542 grams. In the same tree in the samples picked on Oetober
28th, December 12th and January 20th, all of size No. 64, the highest
weight per fruit is shown by the first, 564 grams per fruit, and this

In tree No. 14, however, with the fruit No. 80 picked on Novem-
is the sample with the lowest juice content of the three.
ber 26th, January 2nd and January 20th the rule does not hold.
This is the first exception of significance encountered.

In tree No. 16 the samples for December 2nd and February 24th,
both No. 72, have weights of 402 and 405 grams respectively, with
juice contents of 40 per cent and 47 per cent.- In tree No. 17 the
first two samples, both No. 80, contain the first 28 per cent juice
and 275 grams per fruit, and the second 36 per eent juice and 333
grams per fruit. These constitute other exceptions.

It is noticeable that in the last three instance in which the regu-
larity which had been observed so far does not seem to hold the
fruits ave all very small fruit, Nos. 72 and 80.

Per cent juice—With the exception of tree No. 14, in all other
instances the per cent juice inereased as the season advanced. The
inerease is also shown by the table of averages No. 41. In this table
the lowest average was for the samples picked on October 28th,
which was 38.46 per cent, while the highest was shown by the sam-
ples picked on February 24th, which was 45.40 per cent. The aver-
age of all trees for the season was 42.25 per cent, considerably higher
than last season’s which was 38.97 per cent, but still lower than that
for the season 1916-1917, which was 43.57 per cent.

Per cent skin.—There is considerable fluctuation in the per cent
skin, both as regards individual trees and in the table of averages.
. This is in accord with the observations made during the season
1916-1917.

Thickness of skin.—This may De considered constant, with flue-
tuations. Observations coincide with those for the two previous
seasons. Average for the season for each tree usually in the meigh.
borhood of 14”.

Per cent solids in juice.—In tree No. 12 there are alternate de-
ereases and increases among the succeeding figures, and all but two
figures, as well as the average, are lower than the first.

In {ree No. 13 there are three increases and three decreases, com-
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paring each figure with the one immediately preceeding and immedi-
ately following. The average is also lower than the first figure.

Tree No. 14 shows four decreases and one increase. Average
lower than first figure.

Tree No. 15 shows a continued decrease, except for the last figure.

Tree No. 16 shows up the same as tree No. 15.

Tn tree No. 18 alternate increases and decreases within narrow
limits ave ohserved. The average is practically equal to the first
figure.

The table of averages for all trees for the whole season No. 41,
shows the fluctuations noticed among individual trees, with a marked
tendeney toward the decrease.

The above observations show a tendeney of the solids in juice to
decrease during this season.

‘This is not in accord with observations for the two previous
seasons, when the solids remained practically constant but with slight
tendency to increase. This may be explained on the ground that
this fruit was ripe from the start, and the differences noticed ave
due to sampling.

The average for all the trees for the whole season was 9.387 the
lowest average for any date being 9.16 on January 2nd, and the
highest 9.87, on October 28th: This is higher than the average for
any of the two previous seasons.

Per cent acid—A mere glance at the figures for acid shows that
this factor gets consistently lower as the season advances. The in.
creases are very exceptional, five cases only being observed during
the whole season among all the trees. All averages for individual
trees are considerably lower than most of the percentages obtained
in the succeeding dates they represent. The table of averages for all
the trees throughout the season shows an almost continued decrease.
This supports the view previously expressed at the beginning of
this work. .

The highest percentage obtained during this season (see table 41)
was 1.318 on October 28th, the lowest was 0.961 on February 24th,
and the total average was 1.164. This total average is lower than the
averages obtained on any of the dates exeept two.

These observations coineide with those for the previous two sea-
sons. The highest averages almost coincide in all three seasons.
being 1.36 in 1916-17, 1.347 in 1917-18, and 1.318 for 1918-19. This
also shows a continued decrease from season to season. The lowest
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- averages do not agree so closely, being, 1.11 for 1916-17, 1.155 for
1917-18 and 0.961 for 1918-19.

The mean were 1.205 for 1916-17, 1.255 for 1917-18 and 1.164
for 1918-19. The figures for this season, then, are the lowest. Iow-
ever, in general the agreement is remarkable.

Ratio of solids to acids—In spite of the fact that the solids
showed a slight tendency to decrease during this seasom, the ratio
of solids to acids has inereased. This proves that the solids increased
to a certain extent, but failed to inerease proportionately so that their
pevcentages fell off a little. However, the proportion of the acids
was so much lower, that the ratio of the former to the latter appeared
greater on succeeding dates.

Per cent sugars—An examination of the tables for the individual
tree records does not reveal any marked regularity in the change of
the sngar content of the fruit. They rather show a marked tendency
on the part of sugars to be coustant, as with the exception of a few
cases the successive percentages do not differ much from each other.
This is again another sign that the fruit had quite reached maturity
when the first samples were taken. Furthermore, the averages for
the individunal trees (see table 42) vary between rather narrow limits.

“The total sugars ranged from 5.854 for tree 12 to 6.879 in tree No.
14, Cane sugar varied between 2.38 in tree No. 12 and 3.01 in trec
No. 14, and invert sugars between 3.20 in trees No. 14 and No. 13
- and 3.845 in tree No. 16.

Table 41 showing the averages of all trees for the different dates,
- however, show something different. The total sugars may be taken

as constant, but there is a clear, steady decrease in cane. sugar, and

a very perceptible tendency to increase on the part of invert sugar.

The averages for all the season were 6.078 per cent total sugaws,
2.64 per cent cane sugar, and 3.298 per cent invert sugar.

RELATION OF PHYSICAL CHARACTERISTICS TO RATIO OF SOLIDS
; TO ACID.

Tuarning now to the observations made on color, taste, and con-
sistency of cells. In tree No.12 the ratios were all above 8, the sam
ples were all more or less green, with the exception of the one picked
on December 12th, the taste in all cases was designated as ‘‘tart,””
and the cells were all well filled. This fruit showed all the charac-
teristies of a perfectly mature fruit except for the color. Notice
that a ratio of more than 8 was reached as early as October 28th and
that the fruit was yet far from dropping.
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Tree No. 13~—All samples showed green more or less. The green.
est looking fruit was that picked on Oectober 28th with a ratio of
nearly but not quite 8. The taste of this sample was rather bitter,
showing that it could yet improve. However, its cells were filled
and juicy. All other samples picked from this tree were tart in
taste, and had well-filled juicy cells. Again we see that although
the color was fairly green, the ratio was way over 7, very nearly 8,
from the beginning, being over 8 in all instances except the first.

- Tree No. 14.—In this ecase we have two samples, picked one on
December 12th and the other on January 20th, whose juices were
sour. The first was rather green, having only a slight yellow tinge,
and the second was slightly less than 50 per cent green. Although
they had their cells well filled, showing that they were fully devel.
oped, yet they could not be considered as good to eat; however, their
ratios were over 7 and very near 8. This shows that the ratio of 7
is reached before the fruit has reached complete maturity for this
variety. v

Tree No. 15—Notice the first and the third samples picked on
October 28th and November 26th respectively. The first sample
had not quite reached 7, although it might be passed as having a ratio
of 7. Tis color was mostly green, having only a yvellow tinge, and its
taste was bitter and sour. This fruit evidently had not reached
maturity and was not fit to eat. This shows that the Dunean fruit
does not mature here before reaching a ratio of 7. The fact that
its cells were well filled only shows that it was approaching maturity,
and that the limit of maturity lies somewhere between the ratios of
7 and 8, and that therefore 7 is the minimum limit allowable. Tn
the second instance the fruit was vet rather sour, although the ratic
was nearer 8 than 7. .

Tree No. 16.—The samples picked on November 26th, December
2nd, January 2nd and January 20 th vary in ratio between 7 ané
7.65. 1In them all, the green color predominates, the first two being
almost entirely green. It may be noticed that the first two have ¢
ratio of just 7. Their cells were filled, but not to perfection, thu
lacking another sign of maturity. All of these samples were sour
So we have that the color, the condition of the cells, and the tasts
of the juice, all bespeak an immature fruit, yet their ratio was no
below 7. This proves that this fruit does not mature before a rati
of 7 is reached.

Tree No. 17.—No sample from this tree except the last shows :
ratio of 7. This is due to the fact that the fruits were picked a
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they matured by the person in charge of the plantation, so that when
the samples were picked for analysis, only immature fruit was found
on the tree. Ior this reason this tree has not been used in the com-
putation of averages. All of the samples except the last were sour.
None of the samples had their cells perfectly well filled, and the
first, with the lowest ratio, had its cells especially hard and dry.

Evidently all samples exeept the last were very immature. This
is another instance where fruit with ratios below 7 have shown them-
selves to be unfit for consumption.

Tree No. 18—The first and fourth samples, in which the green
color predominated were a little sour. However, their cells were
“well filled’’ and ‘‘filled”’ respectively, so that they might be con-
sidered as just on the border line of maturity. The ratio of the
first was 7.19. The ratio of the second could not be calculated as
the acid determination was spoiled; however, it may safely be as-
sumed to have been over 7. This is further evidence to show that
a fruit does not show a ratio of 7 may be regarded as immature.
The rest show signs of maturity in their taste and the consistency
of their cells, although the green color predominates. Their ratios
are well over 7,

To summarize~—There has not been a single instance where fruits
with a ratio of less than 7 have shown signs of maturity, regarding
as such the color, taste, and consistency of the cells. That is, every
fruit with a ratic of less than 7 has been found to be immature.

Every fruit showing signs of maturity bave been found to have
a ratio of more than 7 and very nearly 8.

The divisory line between mature and immature Duncan fruit,
then, seems to lie between 7 and 8§, and perhaps nearer 8 than 7.

Turning now to the table of averages of all the trees for dif-
ferent dates we find than the lowest average ratio of solids to acid,
7.509, occurred on October 28th (the first picking of the season),
the highest, 9.948, on February 24th (the last picking), and that
the average for all the trees for the whole season was 8.06. This
is higher than in any of the previous seasons.

The changes that so far have been observed to characterize the
process of maturation have been hardly noticeable, if at all, during
this season. This may be taken as an indication, that in a general
way the maturation of the fruit had come to completion when the
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first samples were picked. In a large measure this was so, as a
review of the tables and the discussion shows.

This season the fruit contained more juice, and more solids in
the juice, and had a higher average ratio than in previous years.
This again might show a more perfeet state of maturity.

COMPARISON OF TREES.

19181919,

The mean composition of the fruit for the season for each separate
tree, is given below in—



TaBrLe 48,
Showing Mean Composition of Grapefruit for the Season for Each Individual Tree,

Duncan—SeasoNn 1918-1919.
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Tree No. 33?& S HE S EuT 8 g3 83 | w8 3§g g;é' ;gﬁ p sug‘nrlt'o
E2=8| 25 | % | 5% [SERL| 52 | FE | 58 |53%3| zE | BE | £ | suerose
PSR B ge [ aT fpEasw) AR L 55 | 2 |gRS| BEF | S ]
581,7 M9 10 | 241} 28,653 8.80 | 0.997 1 8.82 5851 | 2.382. 1.405
528.5 69| i | 9588|3612l 861 | L0311} 835 5.9270 | 2.590 1.235
346.8 T3] T2l 205 | 98210 10.26 | L296| 836 6.879 | 3.010 1.935
525.0 581 782 2074 | 30,454 9.50 | 1210} 7.85 6.609 § 2896 1.260
418.7 7 14 | 92807 30,868 1086 | 18691 7,56 6.770 { 2.782 1.304
382.6 T 14 | 2031 2818 10671 1683 | 631 7.088 | 8.142 1.206
4944 60 f........] 27.14] 20,655 841 1.041| 807 6.325 | 2508 1.381

*7he samples picked from this tree were sl of immature fruit, as the plantation people picked the fruit ns it matwred, so (hat ably unripe
fruit was left on the tree. For this reason these figures were not included in the averages. .
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Disregarding tree No. 17, we find that all trees had an average
ratio of solids to acid higher than 7. Two trees, Nos. 15 and 18,
had ratios lower than 8 but much higher than 7. The other trees
had all ratios higher than 8, and quite near each other, the largest
difference not reaching 0.8.

The thickness of skin, per cent skin, and weight of fruit per box
are fairly uniform for most of the trees. The same is true in a
large measure as regards the sugars. The greater differences come
in the percentages of acid and solids. The highest acid content and
percentage of solids corrvespond to the tree with the lowest ratios
of solids to acid (tree No. 17 excepted), tree No. 16. The lowest acid
is shown by the tree with the highest ratio, and with the exception
of tree No. 14 the percentages of acid get lower as the ratios are
higher. Tixeepting this same tree”No. 14, the percentages of juice
for the different trees show a fair degree of agreement.

Tree No. 17 is conspicuous among all the others. Its fruit showed
less weight per fruit, and smaller size than any other. Tt also had
a higher percentage of skin, acid, and soluble solids, and a lowen
content of juice and ratio of solids to acid than any other. The
color of the fruit was for the most part green throughout the season,
the taste of all the samples was sour, and the cells were never ‘‘well
filled.”” Evidently every sample pieked was immature. These re-
sults suggested a number of considerations, chief among which was
the one that most of soluble solids, acids ineluded, are manufactured
rather early in the season. It is evident that the juice continues
to increase and the skin to decrease until maturity is reached. To
get an idea as to the correctness of these views the following tests
were made: »

Three samples of green fruit were picked from the trees of the
Station grove. The samples were marked 1, 2, and 3.

Sample No. 1 was composed of 4 fruits with a very pale yellowish
. color, very scabby and very hard. The cells or juice sacs, however,
were fairly well filled, so that the juice could be extracted by hand
pressure. This juice was very sour.

Sample No. 2 was wholly green in color, very hard, containing
so little juice that only a very few cubic centimeters could be squeezed
out when using the strongest hand pressure. This juice tasted sour
and bitter.

Sample No. 3—This fruit was of an intense green color, very
hard, not yielding any juice when squeezed with the hand. When
extracted with water the extract had a strongly bitter taste.
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Sample No..1 was squeezed and the juice obtained used for the
tests to be deseribed, but in samples numbers 2 and 3 which hardly
had any juice, the peeled fruits were extracted with an equal weight
of water, and the dilution of the extract caleulated from the loss in
weight of the pulp, the weight of the extract, and the amount of
water used. All results were then figured back to undiluted juice.
All measurements and determinations already described® were per-
formed on these samples, with the following results:

Sample No.1 | Sample No, 2 | Sample No, 3
fo3 VA 0] I8 § 33 1 3-516 inches 81inche 3-5716 Inches
dlameter diameter diameter
Thlekness of skifl ,..viiiiiiiiieiiireiiiaineinaens 3;8 inche 12 inehe 9;16 inches
dinmeter diameter diameter
Pereeniskill ..o iiieviin i 52.63 18,83 58,82
Per cent juice aen 21.58 11,87 5,01
Solids in juice 10.68 18,08 27.63
Per ceBt REId i.uvienrniiiiinisiiionainans 1.416 10,234 2.928
Ratio of solids to ecid 7.5 1.80 9.4

The sugars present in these samples may be considered as neg-
ligible. A qualitative test of the juice revealed the presence of suc-
rose, but when polarized after clarification with Horne’s dry lead,
samples 1 and 2 read less than 0.1 while sample No. 3 did not seem
to ‘affect the polarized light at all. As the polarimeter used did not
read below 0.1 no estimate of the negligible reading given by the
first two samples is presented. These fruits must have been from
8 to 4 months old. ‘

After deleading the clarified juice with sodium oxalate, inverting
with hydrochloric acid and neutralizing, the invert reading on the
polariscope was negligible for samples Nos. 2 and 3, and gave about
0.4 for sample No. 1. This shows an almost complete absence of
sugars in samples 2 and 3, and very negligible amount in sample
No. 1. However, the unclarified juices of all three samples gave
copious precipitates when treated with an alkaline copper sulphate
solution. Caleulating the veduced copper to imvert sugar, we ob-
tained 24.3 per cent for sample No. 1, 1744 per cent for sample
No. 2, and 19.01 per cent for sample No. 3. Clearly, the fruit was
just beginning the elaboration of sugars at this stage of this devel-
opment. It is presumed that this elaboration continue until full
maturity is reached, when imversion of the sucrose accumulated
begins.

The conclusion is warranted that the green fruit contains a goodly
amount of reducing bodies, probably glucosides, and tanmin bodies,
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which may be responsible for the bad effeets attributed to immature
fruit.

The figures further show rather conclusively the following points:

1. Most of the juice is formed toward the latter part of the
period of development.

2. The thickness of the skin diminishes gradually after the first
stage of development of the fruit, as does also the percentage of
skin.

3. Most of the solids, sugars excepted, are formed very early in
the development of the fruit. .

From the above observations taken together with the other data
at hand the conclusion may be reached that at maturity the forma-
tion of solids stops, the juice also stops inereasing, the percentage
of skin and the percentage of acid diminishes, the amount of total
sugars remains constant therveafter, and inversion of sucrose and
decomposition of invert sugar set in. These changes, then, ought
to mark the point of maturity of the fruit. Of course, it would
require further work, more detailed in character, to ascertain the
true nature of these changes.

All the previous data sufficiently prove that grapefruit here is
capable of reaching a ratio of solids to acid in solution in its juice
equal to 7, and that their maturity occurs when this ratio or some
higher vatio is obtained. There is a possibility, however, of the
Marsh’s Seedless coming to maturity with a ratio lying between 6.5
and 7.0.

COMPARISON OF VARIETIES,

For the purpose of illustrating the ecomparisons about to be made
of the three varieties of grapefruit tested, three tables are given
showing the mean composition of each variety on approximately
coincident days of the succeeding years.

These tables were constructed in the following manmer: For
each variety the analyses of all samples picked on the same or ap-
proximately the same day of the month in each month from Sep-
tember to February of the different years involved, were averaged
to represent the mean composition of the fruit on the specified day
and month. With these data a table was constructed for each va-
riety showing the mean variation of the composition of the fruit
during the period of observation. By averaging all the figures thus
obtained for the succeeding days, the mean composition of the fruit
for the total time of observation was obtained.



' Showing Biweekly Analyses of Grapefruit from Two

TABLE 43.

TRIUMPH—Season 1916-1917.

Different Groves.

- - L
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October 23 340. 64 | 21,760 [30.88 | 81.31 | 945 | 099 95 | 318 | 319 | 6.539 1.000
November 394.5 9 | 35505 [26.47 | 83.92 |10.10 | 0,92 | 10.9 | 2.81 354 | 6.587 0.790
November 324.6 82 26,609 23.64 35.88 | 10.10 0.91 1.1 3.58 2,39 6.090 1.500
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TABLE 44.

Showing Average Biweekly Analyses of Fruit for the Seasons 1916-1918.

MARSH'S SEEDLESS. o
-
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TABLE 45,

Showing Summary of Biweekly Analyses of Duncan Fruit for the Seasons (1916-17,

DUNCAN VARIETY.

1917-18, 1918-19).
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RATE AT WHICH FRUIT REACHED THE LEGAL RATIO OF 7
(RATIO OF SOLIDS TO ACID).

All of the triumph fruits sampled always showed a ratio con-
siderably higher than 7, even though picked quite early in the
season. The lowest average ratio noticed was 9, on September
22nd, when the first sample was picked. At the early date already
100 per cent of the fruit had a ratio of solids to acid higher than
the legal ratio of 7. The highest ratio was shown by the sample
picked on December 29th, which was 14.1, thus attaining a maxi-
mum increase of 5.1 in its ratio in the space of 98 days. These
data may be best shown in the following:

TABLE 46,
Showing Rate at Which Fruit Approached the Legal Ratio of 7.
TRIUMPH VARIETY—SEASON 1916-1917.

nﬁfﬁ“ﬁ‘iu Per cent
les picked of samples
Months and days sai‘v‘i‘@hm days |found to have
noted on pre- | & ratioof7
vious column or more
OPLOIDOT 22 ccivisinnm vobs svimisnmiosss v alson Toamne: ome 9.00 100
70531571 0] -5 il s O T 0l N B 9.20 100
Ootober: 2B o o B Sasaeein sivimm et e s i e 9.50 100
NOVEIMDOY: 3 o w3 6uns sis wingavsvatom dis SR% WEE VGt epl o5 10.90 100
WNOVOMDOT 2L i ivieans o sweins Saesms/daen sy sy s 11.10 100
DEBAMBOY Babi:ouncime watuns woin vmvins w5l smiemnsows &4 11.15 100
DOCETTBEE 89 10 e | pvas e it e ORI el 5e 14.10 100
January 18....... T o ST AR Al BN S 5 e 13.40 100
February 8..... R I O s i o T 13.57 100

As seen from the table the development of the ratio may be
divided into three periods, for this fruit. From September 22nd
to Oectober 23rd, the ratio varied very little, the maximum range
of variation being only 0.5, and the average ratio for the two months
being 9.23. On November 3rd the ratio increased to 10.9 and staved
there practically another period of two months during which the
average ratio was of 11.05. Then on December 29th, the rato jump-
ed up to 14.10, the highest ratio attained during the season, after
which no more increases were noticed, but rather slight decreases,
ending two months later with a ratio of 13.57, an average of 13.69
for the period. This fruit reaches the highest ratios of all, reaches
the legal ratio of 7 the earliest of all, and its ratio increases at
the fastest rate.

The opposite extreme is supplied by the Marsh’s Seedless varietv
Notice the table given below:
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TABLE 47.
Showing Rate at Which the Fruit Approached the Liegal Ratio of 7.
MARSH’S SEEDLESS VARIETY.

Average ratios of all samples
picked within days noted:in tPelr; gent gg gz’g ’llegrf?ll:gr%
Months end days preyious columns O aveamt
Season Season Season Season
1916-1917 1817-19018 1016-19%7 1917-1918
Qectober 21.25....... 6,74 6.82 38.8% 508
November 8-21....... 7.09 7.31 80.0% 66.6%
December 8-29....... 7.45 7.55 | . 100.0% 100.0%
January 18-24....... 7.34 7.39 100.0% - 100.0%
February 9-24....... 7.84 |..... PP 100.0% §oveeninnnnnnn
Maximum range... 0.71 0.73 [ oenr wiiviiedvennn

The maximum range of variation in ratio during the season was
0.71 for the season 1916-17 and 0.73 during the season 1917-18.
The legal ratio of 7 was not attained until some time between
November 3rd and 21st, and then only 80 per cent of the fruit
in 1916 and 66.6 per cent of the fruit in 1917 came up to the
standard. Not until December 8th to 29th did 100 per cent of the
fruit come up to the legal ratio. At this time the maximum ratio
for the season was reached, which was 7.45 in 1916 and 7.55 in 1917.
It should be remarked, however, that in the season 1917-1918, 50
per cent of the fruit had attained a ratio of 7 on October 21st to
25th when in the 1916-17 season only 33.3 per cent of the fruit had
attained this ratio within the same dates, thus showing that the
fruit matured earlier in 1917-18 than in 1916-17,

Mean between these two extremes we find the Duncan Variety.

TaBLE 48,
Showing Rate at Which the ¥ruit Approached the ‘Legal Ratio of 7.
DUNOAN VARIETY—SEASONS 1916-1917, 19171918, 1918-1919.

Average ratlo of all samples

picked swithin days noted in FPercent ot‘s?mples found to
Months and days previous column have & ratio of 7 or more
Season Season Season Season Seasgon Season

1916-1817 | 1917-1918 | 1918.1919 | 1916-1917 | 1917-1918 | 1918-1919

September 22-25.... 6.2 728 |vovvnnns 0% 50,004 |.........
Qctober 4.28 ... 5.7 7.24 7.51 16.6%2 57.00% 100
November 8-21.... 7.25 |. 7.98 8.30 75.0% 71.40% 100
December 8-29.... 7.75 8.00 7.92 100.0% | 100.00% 1004
January 2.22.... 7.80 7.74 8.60 100.04 | 100.00% 100%
February 24....... D SO 9,05 bt e e 1.100%

Maximum range.. 1.60 0.72 P Y N N P
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Tt is true that during 1916 to 1917 the legal ratio of 7 was not
attained until November 3rd to- 21st, as in the case of the Marsh
Seedless, but during 1917 to 1918, this ratio was reached as early
as September 22nd, when already 50 per cent of the fruit had at-
tained it. Then again the maximum average ratios were higher
for this fruit, and the ratio kept on increasing for a longer period
of time. The ranges are also wider, during 1916-17 and 1918-19.
ITowever, during the two consecutive seasons 1916-1918 both va-
rieties showed 100 per cent legal maturity within the same period
of time. The season 1918-19 is exceptional, as it was the driest
of all, and as no Marsh Seedless fruit was tested during this season
ne comparison can be made.

The relation of these varieties to each other in this respect may
best be seen from the following table, which shows averages for each
variety - for definited dates through the consecutive seasoms during
which they were tested: '

TABLE 49. ;
Showing Rate at Which Fruit Approached the Legal Ratio of 7.
AVERAGE FOR ALL THE SEASONS, 1916-1919.

Per cent averages of fruit with
Average rate ratio of 7 or more on previously
noted dates

Dates
Duncan Marsh's | Triumph | Duncan Marsh’s | Trinmph
September 21-25.... 6.39|  6.86 9.0 | 025,004 [......... 100
October d Bowins 6.61 © 6.38 Q5 | o ] Saes 5 sials 100
October 20-28.... Tol7 6.95 9.5 57.8% 41.6% 100
November 3-26.... 7.01 7.20 11.0 82.0% 73.3% 100
December 8-29.... 7.85 7.48 12.5 100.0% 100.0% 100
January 2-22.... 8.13 7.37 13.4 100.0% 100.0% 100
February 9-24 ... 9.95 7.38 13.5 100.0% 100.0% 100

1Tor two seasons only, in 1918 the- first sample of fruit was picked in October.
Tests with the Duncan variety have been carried for three seasons; with the Marsh's
Seedless through two seasons, 1916-1918, and the Triumph for only one season, 1916-1918.

The maximum ranges as given by this table are 4.5 for the
“Triumph,”’ 3.56 for the ‘‘Duncan,’”’” and 0.62 for the ‘‘Marsh.”
The maximum average ratios attained within the periods specified
were 13.5 for the ‘‘Triumph,”’ 9.95 for the ‘‘Duncan’’ and 7.48
for the ‘“Marsh.”” The ¢“Triumph,’”’ as already stated, had a ratio
higher than 7 from the beginning. The Duncan showed the legal
ratio for the first time during the last week of October and the
Marsh during the middle two weeks of November. Both in the
case of the Duncan and the Marsh 100 per cent maturity was ob-
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tained some time during the second and third weeks of December.
Notice that the ratios of the Duncan and the Triumph keep on in-
creasing through the season.

The rates of increase of the ratios as well as the maximum ratios
attained, are then in the order *Triumph,”” “Dunecan,’” ‘‘Marsh.”

According to these rvesults the date of legal maturity of ‘the
“Trinmph’” comes at a very early date, long before September
22nd, while most of the ‘‘Duncan’ and the ‘‘Marsh’’ mature some
time during the month of November—November 8rd and 26th.
By December all varieties show perfect maturity.

Aeids and solids—It has been found that the ratio of solids to
acids and its rate of inerease is greatest for the ‘‘Triumph,’’ least
for the ‘“Marsh” and medium between these extremes for  the
““Dunecan.”” As this rate depends upon the rate of change of the
solids and acids we will take this up next. The highest percentage
of solids in solution is shown by the ‘“Triumph,’”’ the next higher
one hy the “Duncan,”” and the lowest by the ‘“Marsh’; not only
this, but the lowest acid content is also shown by the ‘‘Triumph.”’
However, in th e ‘‘Marsh Seedless’’ the percentage of acid is higher
than in the ““Duncan.”” It appears then that the higher ratios that
‘obtain in the ‘‘Duncan’ as compared with the ‘“Marsh’’ are due
to the higher content of soluble solids, coupled with a lower acid
content.

Now as to the rates of increase. The rate of increase in this,
as in all other instances was caleulated by finding the differences
hetween the succeeding figures starting with the first, and marking
‘the differences, positive or negative, according as the figure that
followed wax larger or smaller than the one immediately preceding
it with which it was compared. All the positive and negative dif-
ferences were added together and the difference between the sums,
found. This difference indicated, then, the direetion of the varia-
tion, whether toward an increase or a decrease. As the periods of
time between the succesive dates were practically the same, this
difference was divided by the number of approximately equal
periods covered, and the quotient taken as the mean variation per
period. To illustrate, take the column headed ‘‘Per cent solids’’ in
table No. 43, page 81. The succesive differences are as follows:

9.6 minus 0.8 = 0.2 9.8 minus 1010 = —0.3
945 minns 9.6 = —0.15 10.3 minus 9.8 = 4 0.5
10.10 minns 045 = - 0.65 ; 10.2 minug 1.3 == — 0,10

10.10 minos 10.1¢ == 0 9.5 minus 10,2 = —0.70
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The sum of the positive figures is plus 1.15. The sum of the
negative figures is—1.45. The difference between the sums is—
0.30. As there were 7 approximately equal intervals of time be-
tween September 22nd and January 18, but the time elapsed from
January 18th to February 19th was about twice as large as the
others, we may take the whole time as representing 9 approximately
equal periods. Dividing, then, 0.30 by 9 we obtain — 0.0333. That
is, the solids in general decreased at the rate of 0.0333 per cent every
fifteen days (approximately). The figures so obtained will be taken
to represent the rate of change of the different items. In the same
manner the rate of change of the percentage of acid was found
to be — 0.0422. As seen, the acids decreased at a faster rate than
the solids, thus giving rise to an inerease in the ratios. Notice,
besides, that whereas the decrease in the solids occurs only at in-
tervals, the decrease of the acid is continuous and practically with-
out interruption. This makes the increase in the ratios more marked
still.

Taking now the ‘‘Marsh’s Seedless,’” it will be noticed that both
solids and acids seem to diminish, but in this instance the rate at
which the acids decrease, 0.0316, is much lower than the rate of
change of the solids (—0.141). Comparing this variety in this
respect with the “Triumph’’ we find that in the latter the rate of
decrease of the solids is only about three-fourths as a large as that
of the acid, while in the former the solids diminish at a rate which
is over four times as large as that at which the acid decreases. In
the ““Duncan’’ the rate at which the acid decreases,—0.0464, is
practically the same as in the ‘‘Triumph,’”” but the solids show a
slight increase (at a rate of plus 0.010) instead of a decrease. In
spite of this the rate of increase of the ratio of solids to acid in the
“Tpriumph’’ is larger. This may be accounted for again by the
fact that the decrease in acid in the ‘‘Triumph’’ is practically an
uninterrupted process (only one increase of 0.03 having been no-
ticed) while in the ‘‘Duncan’’ two increases, one of 0.01 and
another of 0. 06 occur. Besides, the rate of decrease of the acid
is slightly larger in the ‘‘Duncan.’”” These differences in the rates
of change of the soluble solids and acid in the different varieties
account for the order in which they come to maturity. '

Per cent sugars—The percentage of total sugars is highest in the
“Triumph,”” less in the ‘‘Duncan’’ and least in the Marsh; 6.568
per cent for the first-mentioned variety, 5.603 per cent for the second,
and 4.825 per cent for the last. The proportion of total sugars to
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fotal solids varies also in this order, being 0.655 for the ‘‘Triumph,”
0.618 for the Duncan, and 0.598 for the Marsh. So, then, the chief
differences between the first two varieties that might be made to
account for the differences in the taste of their juice is the pro-
portion of solids to acid. The “Marsh” differs from the “*Duncan’’
chiefly in the proportion of total sugars to solids, and from the
“Triumph’ in both the ratios mentioned. This accounts for the
superiority of the ‘‘Duncan’’ over the other two varieties, as regards
quality of juice. The staleness of the ‘“Trivmph’’ is due to lack
of acid, and the rather insipid taste of the ‘‘Marsh’® may be at-
tributed to lack of sugar; besides, this last variety also has a little
less aeid than the ‘‘Dunecan.”’ .

Another interesting point of comparison is the proportion of
invert sugar to sucrose. The “‘Triumph’’ contains nearly as much
invert sugar as sucrose, the ratio of the former to the latter being
0.9556, although in some instances this ratio has been as high as
1.50. Next higher in the ratio of invert sugar to sucrose is the
‘“Duncan’’ with an average ratio of 1.40, and the highest is the
“Marsh’ with an average ratio of 1.857. The order in which the
varieties stand in the other respects considered has been here re-
versed, with the ‘““Duncan’’ always occupying the middle position.
This high ratio of invert sugar to sucrose in the. ‘‘Marsh,’’ however,
is not due to an exaggerated percentage of invert sugar, but rather
to a low percentage of sucrose, of which it contains the least amount,
1.658 per cent. The highest percentage of cane sugar is contained
by the “Triumph’’ variety, with 3.27 per cent, while the ‘‘Dunean”’
again oceupies the middle position with a content of 2.281 per cent.
In invert sugar the three varieties were about the same, the order
being 3.8301 per cent for the ‘‘Duncan,”’ 8.125 per cent for the
““Triamph,”” and 3.079 for the ‘‘Marsh.”’

Weight and size—There were variations in weight between some-
what narrow limits for a given variety but these variations were
irregular. The sizes, though varying between wider limits, did not
show any regularity, either, in their variations. The ‘‘Triumph’’
showed the smallest average size, number 76; and the least weight
per fruit, 387.16 grams. The Duncan and the ‘‘Marsh’’ had about
the same size, number 56 for the former and number 55 for the
latter, while their weight per fruit did not differ very much, being
552.09 grams for the ‘“Duncan’ and 510.56 for the ‘‘Marsh.”’
The weights per box, however, were rather uniform for the three
varieties, 28.284 kgms. (62115 Ibs.) per box for the ‘‘Marsh,”
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30.024 kgms. (66.052 1bs.) for the ‘‘Triumph,”’ and 30.9721 kgms.
(68.1’8 1bs.) for the ““Duncan.’”” This would seem to indicate that
the differences in weight are affected only very little by the va-
riety, and that they are mostly affected by the size of the fruit.
This' statement as well as the fact that after the fruit is fully devel-
oped its weight is not affected by the time of picking may be fully
demonstrated by the following data:

Eighty fruits were picked each-month from September to Jan-
uary inclusive from each of the trees marked G, E, H, B, D, F.
This fruit, which was used in the experiment to detect the changes
brought about by sweating to be described further on, was all meas-
ured and weighed, and the weights of all fruits of the same size for
each separate month were averaged. The averages obtained for the
most common sizes were as follows:

Average Weight in Grams per Fruit.

Size September| October |November | December| January
LY A e 823 682 | 833 P8 s s
A6 GxraivaTev . BN R 573 631 626 658 © 680
Blhiceonicna 5 Gl 4 e s we e 4 573 ‘544 562 588G Jeweramen
B o i s NI SR T 517 501 | 531 500 586

The average weights of all the samples of fruits of the same
average size picked on the different seasons were in turn averaged
to find the mean weight of each size for each season, and for all the
seasons for which it was tested. The results are given below in

tabular form:
TABLE 50,

Showing Weight of Fruits in Grams pre Fruit by Seasons and by numbers.

1016-1917 1917-1918 wEteTs | aeck I all
g g 0 g8 g 0 g g 0 8 g m_
Size of fruit = = o = = ) = = o =1 g &
5| S| E ||| BE|e| |8 |&8]|F
vy - B 4 - — o] — bl 5] - =
W = 15} W = 5] H = o | K = o
o =] = o = < a3 = 5 | 8 = =
= = < = = < = = 4 [ = = <
1066 | 718 | 756 | 713 |667 (680 |......|...... vo...| 889.5 [ 7015 ] 728.0
766 | 566 | 650 | 691.6 576.5 | 347.9 | 636 | '656°| 596 | 697.8 | 566.1 | 631.3
658 | 409 | 551 |585.8 (46310 54813 | 615 | 452 | 545 | 619.6 | 4413 | 54911
658 | 317 | 513 {510.0|415.0 |469.9| 564 | 417 | 483 |577 |B377.3| 488.6
.................. 424.4(391.0 | 408:9| 405 | 405 | 403 |414.6 | 395.5| 4055

These figures have all been obtained from averages of samples con-
taining from 6 to 12 fruits each.
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: The number of samples considered for each size in each season
are as follows:

Size 1916-17{1917-18 | 1918-19
2.

16 3

12 12

8 o}

4 3

The first of these tables shows that the month in which the fruit
 was picked has not apparently affected the weight of the fruit,
while the second table shows the influence of size, which is the most
influential factor affecting weight. The scant influence of the va-
riety on the weight per fruit may be seen from previous tables.

Juice and skin—In all varieties the juice inereased perceptibly
and the skin decreased very slightly. The rates of changes, however,
differed for the different varieties. The ‘“Marsh’’ showed the fastest
rate of inecrease of juice, as well as the highest juice content of all,
1.274 and 44.06 per cent respectively. Next followed the ‘‘Duncan’
with a percentage of juice of 42.40 per cent, and a rate of increase
of 0.602, and finally the ‘“Triumph,’’ which had only 32.41 per cent -
juice and a rate of increase practically the same as the ‘‘Duncan,”
0.579.

. As regards percentage of skin the ‘‘Marsh’’ has the highest,
30.67 per cent, as well as the highest rate of decrease, 0.117. Next
comes the ‘‘Trinmph’’ with a skin content of 29.10 per cent and
a rate of decrease of 0.0577, and finally the ‘‘Duncan’’ with only
26.51 per cent of skin and a rate of decrease of 0.0037. This
again shows the ‘‘Triumph’’ to be the poorest of the three varieties
in quality, as it has much less juice than either the ‘“Dumecan’ or
the ‘‘Marsh,”” and quite as much skin as the ‘‘Marsh’”’. The
“Dunean’’ again stands out as the best, as it contains plactlcallv
as muech juiee as the ‘“Marsh,”” and much less q]xm

SUMMARY.

We have, than, the folowing prominent points blought out by
this eomparison :

1. The “Triumph’’ is the variety attaining the highest ratio of
solids to acids, exhibits the fastest rate of increase in this ratio,
and reaches the legal ratio of 7 the earliest of all.

2. The ‘‘Marsh’’ matures with the lowest ratio of solids to acids
of all, the rate at which this ratio increases is very slow, and it does
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not reach the legal ratio of 7 in an appreciable proportion until
the latter part of November.

3. The ‘““‘Duncan’’ occupies a somewhat middle position between
the ‘““Marsh’’ and the ‘‘Triumph’’ as regalds the points of com-
parison enumerated.

4. The percentages of solids show, in general, a decrease, botl
in the “‘Triumph’ and in the ‘‘Marsh,’’ the rates, however, being
faster in the latter. Tn the ‘‘Duncan’’ this item increases slightly
during the process of maturation. The percentage of acids decreases
- in all three varieties, but at fastest rate in the ‘‘Triumph’’ and
lowest in the ‘“‘Marsh.”” As to actual percentages of solids in solu-
tion the ““Triumph’” shows the highest, followed by the ‘‘Duncan’
and lastly the ‘“Marsh.”” In acid content, however, the order is
reversed, the highest being the ‘‘Marsh,’” followed by the ‘‘Duncan’
and lastly the ‘‘Triumph.”’

5. The total sugars vary in descending order of ‘‘Triumph,’
“Duncan,’” ‘“‘Marsh.”” The relative percentages of sucrose stand
again in the descending order already pointed out, while the per-
. centages of invert sugar are very nearly the same in the three va-
rieties. This makes the ratio of invert sugar to sucrose to increase
in the above mentioned order of ‘‘Triumph,’”’ “‘Duncan,’’ ‘‘Marsh.”’

6. All posible sizes and weights can be found in any variety.
The weights per fruit are not as much affected by varieties, as by
other factors, especially size. After the fruit has developed tc
normal size there is mno difference introduced in its weight by the
time of picking of the fruit.

7. The ‘“Marsh’ and the ‘‘Duncan’’ have about the same con-
tent of juice, while the ‘‘Triumph’’ has much less than either. The
““Marsh’’ and the ‘‘Triumph’’ rather coincide in their percentages
of skin, the ““Duncan’’ having a lesser percentage than either.

(‘HA’\TGES IN THE .PROPORTION OF PLANT-FOOD CONSTITUENTS OF
THE FRUIT.

SEASONAL CHANGES.

In the samples of fruit picked during the season 1918-1919 the
nutritive ingredients contained by the fruit were determined, as
already explained. The tables presenting the results of the analy-
ses are given below. One table has been prepared for each tree,
showing the seasonal changes of individual trees in the proportion
of these ingredients. By averaging the results for all samples picked
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con the same date the mean seasonal variation of the trees tested
_is given in tabular form. Tree No. 17, whose matured fruit was
~always picked before samples for analysis were secured, has been
excluded from these averages.

INDIVIDUAL TREE RECORDS.

These tables represent the seasonal variations of each individual

tree. They were constructed by tabulating the results of the analy-
ses of the successive samples picked from each tree.

: In the discussion that follows only the percentages caleulated on
the whole fruit inserted in the column headed ‘‘Original basis’’ are

used for comparison.

TABLE 51.
Nutritive Elements in Grapefruit--Whole Fruit.
TREE XNo. 12—SEASQON 1918-1819.

- Phosphoric . .
Dates on which ) Ratio enhydride Potash Nitrogen
samples were Dry ‘;{ 3
picked matter | solds | pry loviginal! Dry  |Originall Dry | Originat
toaclds pagis | Basis | Bastsy | Basls | Basls | Jiasis
November 12,.... 15,704 -8.260 1 0.241 21 0,088 ¢ 0.55% (O &1 71 SR U,
November 96 ..., 14.46 8985 1 0.257 ¢ | 0.0370 0.800 3.1160 0.672 .1000
January 2....: 13.944 10.320{ 0,384 00100 & 1,088 0.1:440 0,781 ¢ 1030
Januery 20 .,... 15.00% 0240 | 0.868 21 0.0550 ¢ 0,924 0.189%0 0.7105 0.1080
February 24, ., 11.81 10,510 | 0.558 0.0650 1.1%0 0.1346 0.358 {.........
Averages,..... 15,10 9,459 2616 | 0.04842 0.0804 0.1368 0,546t (.1036

This table shows higher phosphoric-acid contents corresponding
to higher ratios, as well as a gradual increase in this item in each
succeeding sample.

There are practically me variations in nitrogen.

The differences in potash are within the limits of error in sam-
pling and analyzing except for the sample picked on November 26.

TABLE 52,
Nutritive Elements in Grapefruit—Whole Fruit,
TREE No. 13—SEASON 1918-1919.

Phosphoric .
Date in which » Ratio anhydride Potash Nitrogen
samples were Dry ‘]’*:j '
picked matter | so ilé Dry |Originell Dry |Original{ Dry |Original
torcids| pagis | Basis | Basls | Basis | Basis | Basis
November 12...... 16.57 8.680 0.285 | 0.0472 0.720 0.119 0806 |,.........
November 26,.,... 12,73 8.309 0.260 1 0.0830 0.800 0.114 0615 |..........
Jannnry, 2...... 13.82 8.700 0307 0.039 0.979 0.131 0,748 0.1010
January 20 . 10.69 8.1314 8.392 1 0,0420 0,856 0.091 8.127 0.0770
February 12,32 8.780 0.476 | 0.0590 1.0400 0110 0,900 0.1110
Averages,.,... 13.20 B8 [i........ 0.04404 |.,........ 0118 L.......... 0.0863

- The variations in the ratios are here (See table No. 52) within
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rather narrow limits, and a fair degree of correspondence may b
detected between ratios and percentages of phosphorie acid, whicl
shows that below a certain minimum difference in vatio the differ
ences in phosphoric acid are not quite so apparent. However, com
paring the average ratios and phosphoric acid contents of this tre
and the previous one, it is seen that the tree with the highe
average ratio has the higher percentage of phosphoric acid.

The potash content shows little variation.

There are fluctuations in the nitrogen. These the writer i
inclined to believe that when occurring in one and the same tre
are due to difflculties encountered in drying the substance for analy
sis. In a number of cases the samples were partially charred.

TABLE 53.
Fertilizing Elements in Grapefruit—Whole Fruit.

TREE No 14, LOCATED AT MR. M. DAVID'S PLANTATION, VEGA BAJA
SEASON 1918-1919.

Phosphoric «
Date on which Dry anhydride Potash Nitrogen
samples were matter | Ratlo [=
picked Dry Original Dry Original Dry Origina
Basis Basis Basis Basis Basis Basis
November 12,.... 16.82 7.370 0.271 0.0456 1.210 0.203 0.469 0.078
November 26..... 14.58 7.760 0.262 0.0380 0.750 0.115 O:ATB 1o asine
January Gty 14.46 9.290 0.857 0.0471 1.224 0.177 QL2 I e
January 20 o vty 12.00 7.610 0.409 0.0490 1.428 0.130 0.817 0.09¢
February 24..... 8.69 12.080 0.426 0.0370 1.390 0.120 0.862 0.075
Averages...... 13.31 81829 [ asds 00488 1., coimon Q000 | civivcnosee s 0.083

No correspondence is here observed between ratios and percent
ages of phosphoric acid nor is there any regular increase noticec
in this item.

The percentage of potash diminished regularly, if the sampl:
picked on November 26th is excepted. It is significant that in every
tree the sample picked on this date shows the lowest percentage
of potash. ;

The nitrogen is lower than in the other trees.

TABLE 54.
Fertilizing Elements in Grapefruit—Whole Fruit.
TREE No. 15, LOCATED AT MRS. G. D. SMITH'S PLANTATION—SEASON 1918-1919

Phosphoric

Dates on which | pry anhydride Potash Nitrogen
samples were matfer | Batio - -
picked Dry Original Dry Original Dry Orig int¢

Basis Basis Basis Basis Basis Basis

November 12.,.., 15.54 7.52 0.284 0.0441 1.240 0.192 0.616 0.095
November 26..... 12.50 7.83 0.252 0.0320 0.830 0.104 0.660 0.082
January 2w 14.08 8.89 | - 0.287 0.0449 1.232 0.173 0.548 0.071
January  20..... 13.14 9.03 0.362 0.0480 1.107 0.145 0.498 |siiviaans

Averages..,.... 13.81 L7 PO 022 Il namany (15 377 0] I 0.083
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The phosphoric-acid content is here rather constant, if the
second sample is excepted. With this mnotable exeception, slight in-
creases have accompanied the increases in ratio. There has been
a slight tendency to imcrease through the season.

The potash has diminished steadlly, while the ratio has steadﬂv
increased. The only regularity in this respect is presented by the
second sample again.

The nitrogen has decreased.

TABLE 55.

Fertilizing Elements in Grapefruit—Whole Fruit,

TREE No. 16, LOCATED AT MR. E. R. DAY'S PLANTATION, MANATT.
SEASON 1918-1919.

Phosphoric
Dates on which | [ anhydride Potash Ritrogen
samples were ? Ratio
picked matter Dry Ongmal Dry |Original] Dry Original
Basis Basis RBasls Basis Basls Basls
November 12.,,,, 17.43 7.86 0.271 0.0472 1.150 0.200 0.566 0.0986
November 26..... 13.80 7.0u 0.200 0.0280 0,760 0.105 0.580 0.0810
January 200 1412 7.65 0.297 0.0419 1.1010 (0.1650 0.5%0 0.0833
January 20, 14.63 7.63 0.342 0.0500 10250 0.150 0586 1..,... vaea
Februnn 24..... 13.00 9,05 0.382 0.0496 1,200 0.168 0.781 0,102
Averages...... 14596 7.888 |\o...... | 0.0438 |.......... 0155 |........ .l 0005

The phosphoric acid increases toward the end of the season.
Again the second sample is abnormally low. «Notice that the ratios,
except the last and second, which are extremes, lie fairly close
together. No regularity is noticeable in the variatioms.

The potash is rather econstant in the last three samples, and
lower than in the first. The sample picked on November 26 was
once more exceptional.

There are no great differences among the percentages of nitrogen.

TaBLe 56,
Fertilizing Blements in Grapefruit~—~Whole FPruit.

TREE No. 17, LOCATED AT MESSRS. SOOVILLE & CASTLE'S PLANTATION, MANATI.
SEASON 1918-1919.

Phosphoriec
Dates on which . pnhydride Potash Nitrogen
samples were Dry Ratio
picked matters Dry |Origiual| Dry |Originalj Dry |Original
Basis Basis Basis |+ Basis Basis Basls
November 26,.... 14 00 0.23 0.243 0.0340 0,770 0.108 0.674 0.0840
Janusry 2.iiae 16.30 6.76 0.317 0.0490 {........ I TSN 0.840 0.1300
January 20..... 16.23 6.03 0.380 0.0620 1.340 0.217 0.772 0.1250
February 24..... 17.91 7.937 0.352 0.0630 1.210 0.2167 €.855 0.1530
Averages..... 16.658 (%11 RN 0.0512 {...... ] GHOBD L., ..., 0.1255
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No matured samples were picked from this tree, except the last,
so that it affords an opportunity to observe the change in immature
fruit. The last two samples are higher in phosphoric anhydride than
either of the first two, while the potash is lowest in the first, and
practically constant in the last two. The nitrogen is considerably
higher in the last three samples than in the first. Notice that the
fruit of this tree, which was green, had higher percentages of ni-
trogen, phosphoric acid and potash, than that from either of the

other trees.
TABLE 57.

Fertilizing Elements in Grapefruit—Whole Fruit.
TREE No. 18, LOCATED AT MR. KACHRLE'S PLANTATION.

SEASONAL VARIATION OF INDIVIDUAL TREES, VEGA ALTA—1918-1919.

3 Phosphoric .
Dates in which Ratio Anhydride Potash Nitrogen
sample were Dry of -
picked matter | solids Dry |Original| Dry Original| Dry |Origina ]
to acids | pasis Besis Basis Basis Basis Basis
November 12..,.... 15.03 7.690 0.284 0 0426 9.270 {P151) 1§ I .
November 26 . 12 92 7.430 0.240 00310 0.830 0.107 0.682 0.08¢0
Junuary 2.. 12.94 8.596 0.315 L e e . 0.557 0.0720
January 20... v 15 92 8.576 0.336 0.0534 0.870 0.138 0.858 |, vivans Y
February 24....... 10.31 9.330 0.392 Q080851 iconvin feeis e 0669 |vvsxancimn
Averages...... 13.43 8.828 |vasin 00416 [iosraainse (114, 7 SRy 0.080

The sample picked “on November 26 shows the lowest content in
phosphoric acid and potash. No regular increase or decrease, can
be traced in either of the constituents in this table.

From the above tables of individual trees, the following, giving
the mean seasonal variation of all the trees tested, was composed:

TABLE 58.

Seasonal Changes in Nutritive Elements in Duncan Grapefruit.

Mean. composition of fruit on the dates specified found by averaging the results
of the analyses of all samples picked on the same date.

Ratio
Dry of Phosphoric
Dates on which samples were picked matfer | solids | anhydride | Potash [Nitrogen
to acid Pp05
November 12........ccceiiianniennnnns «oo| 16,196 7.880 0,0441 0.1759 0.0916
November 26 13,496 7.882 0,0831 | 0.1101 0.0813
January 2 13.891 8.838 0,0438 | 0.1560 0,0860
January 20 13.546 8.833 0.0495 0.1338 0.0786
February 24, 11.126 9.947 0.0495 | 0.1066 0.0774

All results have heen calqulated on the whole fruit.
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In the ahove table the phosphoric acid shows a slight tendency
~ to inerease, although two irregularities may be noticed on Noverber
26th and January 2nd. Although in a general way the fruit with
the higher ratios usually contain higher percentages of phosphorie
acid, yet this correspondence does not follow very eclosely and is
- only apparent when the differences in ratios are considerable. Thus,
although the fruit picked on November 12th had a ratio of 7.88,
 and that picked on January 2nd had a ratio of 8.838, yet the phos-
phoric acid of the former is slightly higher than that of the latter.
So also the sanples picked on January 20th and February 24th had
‘ratios of 8.333 and 9.947 respectively, but thetr phosphoric-acid con-
- tents were the same. Ilowever, no sample with a ratio of less than
8 approaches the percentage of phosphoric acid contained by the
sample with ratio of 9.947. This item seems to be influenced to a
areater extent by the time of picking of the fruit than by the ratio,
as may be seen by averaging separately the first three figures and
~the last three in the foregoing table and comparing the averages
 obtained.

The gradual descent of the potash as the season advanced is very
_ apparent, the only notable exeeption occurring in November 26th.
For some unaceountable reason all the samples picked on this date,
: have been uniformly the lowest in the series. In opposition to phos-
phoric acid, the potash content shows a tendeney to be lower in
fruits with higher ratios, and in common with phosphoric acid this
correspondence is more evident where the difference in ratios is
greater.

This statement is supported by data obtained in another experi-
ment, conducted in cooperation with Mr. W. C. Dreier, a very
progressive planter of this district. Briefly stated the experiment
has consisted in applying potash to a plot, and leaving two plots,
one on each side, without any potash for the last five years. A
number of observations have been made on the trees and the fruit
from these plots, which will be eventually published. For the pre-
sent purpose, only a series of potash determinations and ratic of
solids to acid will be presented here. They follow in tabular form:
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Potash in Grapefruit.
DUNCAN VARIETY.

‘s Plot A Plot B Plot C
59
i) Date fruit was picked
28 ¥ Ratlo of | per cent R:(flil%;)f Per cent R;:;tlll?igf Per cel
é 8 to acid pofash to acid potash to acid potast
1 | June 13,1919 0.207 |.is oseees 0.2810 |ioousssenafsassoase
2 | October, 1919... 5. 0,205 5.87 0.2190 8.00 0.17
3 | January 31, 1920 9.00 0,151 7.60 0.196 4,97 0,2
4 | February 24,1920 ... 10.26 0,1077 8.40 0.1427 7.00 0.1)
b | March 20,1920....c00ronnsannos 9.60 0,168 10,50 0.1641 8.00 0.17
& | May17, 1920 venvaessmsesans 9.30 0.116 8.00 0.1303 10.00 0.1f
AVOIRABON ;o5 0asians ‘cnivsnaiwsimsees 0.1591 0.1805 B

Plots A and C received no potash. Plot B received potash.

In this table notice that the most unripe fruit contains the hig
est percentage of potash in each lot, and that with few exceptio
the fruit with the higher ratios contain less potash. Again tl
descent in potash is more apparent where the differences in rati
are greater.

Incidentally it may be noticed that the fruit from the plot whi
received potash shows up a little more potash than that from t
plots receiving no potash. However, the difference is very sma

The nitrogen content of the fruit does not seem to be affected |
the time of picking of the fruit although it might be remarked th
the last two sets of samples picked showed the lowest averag:
There is no well-established relation between nitrogen content ai
ratio of the fruit except that the tree from which only immatu
fruit was obtained, with a ratio of 6.575, showed the highest 1
trogen content of all.

As regards dry matter in the fruit, it must be borne in mi
that these figures represent the dried residue resulting from dryi
the chopped fresh fruit in a big air oven where uniformity of te
perature was hard to attain. and therefore are scarcely comparab
However, they show such a regular gradual fall through the seasc
that some value may be attached to them. They show evident
that the fruit kept gaining in juice all through the season, a
that in a general way the fruit with the higher ratio contained
higher percentage of juice, and softer tissues.

COMPARISON OF TREES.

The composition of the fruit from the different trees showed
fair degree of uniformity as evidenced by the following:
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TABLE 59.
Fertilizing Blements in Grapefruit--Whole Fruit.
Averages of each tree for the whole season.
DUNCAN--19818-1919.

Phosphoric | potash, | Nitrogen,

Dry acid,
Tree number Matter Ratio original o%ﬁiri:sai orll)ﬁé?sal

basis

14.10 9,459 0,0489 0.1368 0.1036

13,20 8.530 0.0440 0.1130 0.096%

13.31 8,822 (0.0433 0.,1500 0.0839

13.81 8.160 0.0422 0.1510 0.0832

14.59 7.839% 0.0433 0.1550 0.0205

16,64 6.575 0.0312 0.1980 0.1255

13,43 8.220 0.0413 0,145% 0,080

14.15 8,247 0.0449 0.1518 0.0896

: . 2Tree No. 17 was left out of the averages, as the frnit picked from it was all green
ruit.

The only notable exception is tree No. 17, from which, as ex-
plained, all samples picked were immature. This tree, therefore,
should not be compared with the rest, from which ripe, matured fruit
was always obtained. Desregarding this one tree, then, we find a
fairly close agreement in the percentages of phosphorie acid, potash,
and even nitrogen. Only two exeeptions are worth noticing, and
those are the percentage of potash in the fruit from tree No. 13 and
the percentage of nitrogen in the fruit from tree No. 12. The dry
matter is also in close agreement.

Comparing now the green fruit from tree No. 17 with the vest,
we find a ratio much lower than any of the others accompanied by
notable higher percentages in all the constitwents determined as
well as in dry matter. This suggests a lower content of juice in
the greener fruit, and lends evidence to the assumption that most
of the mineral constituents of ¢he fruit, if not all, are absorbed and
incorporated in the fruit in the earlier stages of development, and
that the latter part of the development until maturity is reached
is taken up chiefly by an absorption of water and changes in the
combinations of the elements already absorbed.

The changes noticed are not wide enough, nor regular enough,
to justify any further conclusion as to the variations in the plant
constituents of the fruit during the process of maturation. A
greater number of analyses, and a more extended period of obser-
vation are required before any definite facts may be ascertained.
It seems safe, however, to assume that after the fruit is developed
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very little changes, if any, occur in its mineral composition or its
nitrogen content. Perhaps the only ingredient suggesting a regu-
lar variation is the potash.

Although the kind of soil and the fertilizer differed for each
one of the trees tested, yet the percentages of the different ingre-
dients found for each tree (excepting tree No. 17) agree fairly welli.
This seems to indicate that these two factors do not affect very
prominently the chemical composition of the fruit. As to the ef-
fect of soil, we will see further on. As to the effect of fertilizers,
we have not enough data of our own. In the paper entitled ‘‘Ef-
fect of Fertilizers on Oranges’’ by H. D. Young of the California
Experiment Station, which appeared in the Jowrnal of Agricultural
Research, Vol. VIIT No. 4, pages 127-138, the conclusion is ex-
pressed that—

¢“There was no increase in the amount of either phosphate or potash in the
fruit brought about by the quantities applied in this experiment.”’

To further quote from this interesting paper we may copy the
following sentence:

“‘The averages from these plots receiving fertilizers are almost identical with
those not fertilized.”’

Our figures, so far as we have gone, are in accord with these
conclusions.

SUMMARY OF PART T.

The whole discussion that precedes may be summarized thus:

1. The changes that take place in the fruit during its devel-
opment, viz., increase in juice content, inerease in weight, decrease
in the proportion and thickness of the skin, etc., become less and
less perceptible, until finally they cease to be perceptible, as matur-
ity approaches.

2. Obvious signs of maturity, such as color of the fruit, conditior
of the juice cells, taste of the juice, and general appearance, coincide
with cessation in the increase of weight and juice, and the decrease
in the content of skin, as well as with the decrease in acid content
and the inerease of ratio of solids to acids; also with the end of the
process of sugar elaboration and the beginning of inversion of
suerose. N

3. Taking the changes enumerated and the signs of maturity
above referred to as criteria to judge the maturity of the fruit, i
may be assumed that grapefruit here may not be considered ripe
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- and fit to eat before the ratio of solids to acids in solution in the
juive has reached at least 7. This minimum ratio should be ac-
companied by the signs of maturity evident on inspection.

4. The changes enumerated above apply in a general sense to
the three varieties tested, but the rate at which they proceed and
the extent to which they take place differ for each variety. The
details of this comparison have been given on page—.

5. The “‘Duncan’’ and the ‘““Marsh’s Seedless’’ varieties attain
the legal ratio of 7, and ripeness toward the end of the month of
November. The ‘‘Triumph’® variety shows the legal vatio very
early in the season, before September, but true maturity is not proba-
bly reached until November.

6. The sugars are formed toward the latter part of the devel-
opment of the fruit, and their elaboration ceases when maturity is
attained. After maturity the sucrose suffers inversion, and some
decomposition of invert sugar takes place. ,

7. All of the solids, acids included, except the sugars are formed
at a very early stage in the development of the fruit. When the
froit is yet very green, the percentages of solids in solution, and
the ratio of solids to acids are very high. With further devel-
opment of the fruit the percentages of solids and the ratio descend.
‘When the process of maturation begins the ratio increases regularly
again, due to a gradual decrease in the acid content until perfect
maturity is attained.

8. The fact that the nutrifive ingredients in the fruit, viz.,
nitrogen, phosphoric acid and potash, are in a higher proportion

" in the green fruit than in ripe or nearly ripe fruit, further confirms
‘the conclusion that practically all of the solids are formed in the
earlier stages of development of the fruit.

9. With fruit which is fully developed no regular changes in the .
content of nutritive ingredients of the fruit could be detected during
the seasons. There are indications, however, that the phosphoric acid
may be higher and the potash lower in ripe than in unripe fruit.

10. The proportion of nitrogen, phosphoric acid, and potash were
rather uniform for the different trees, a fact which suggests that
neither the kind of soil nor the kind of fertilizer have much influence
on these items, especially the last two. More work is necessary
along this line.

[END OF PART I.]

Part II of this work will appear in n subsequent issue of this JourwAL.
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