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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 account of the large amounts of 
immature citrus fruit with which Florida and California were flood-
ing the market. The outcome of this investigation was the F. I. D. 
:-,o. 133, which condemned the use of immature citrus fruit in the 
following language : 

'' Tbere is evidence to show that the ronsumption of suc11 immature oranges, 
especially by children, ls apt to be attended by serious disturbances of the diges-
tive s,"stem.'' 

.Ar.ting upon this decision. restrictive measures were adopted both 
hy state and national authorities against the sale of immature citrus 
fruit, and against any attempt to conceal such immaturity, by sweat-
ing or by misbranding or mislab.eling, or in any other form which 
might deceive the public as to the real quality of the fruit involved. 

The carrying out of these measures required a standard by which 
to jnclire the maturity of the fruit. Such a st~ndard 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 
iregarded as mature when "its chemical analysis would show the 
[percentage by weight of the total sugar, as invert sugar, to he seven 
ltimes. or more, than the weight of the total acid, as citric acid." 
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This was modified by the National Bureau of Chemistry, to read 
as follows: 

'' All matu re ora nges shall contain not less than eight parts of total solids 
to one pa rt of total aeid, calculated as citric acid without water of erista l ization''; 

And that-

"A,'11 mature grapefruit shall contain not less than seven parts of total solids 
to one part of total acid calculated as citric acicl withou t water of crystalization.'' 

As a result of the restrictive measures above ref.erred to, two 
cargoes of grapefrui t from Porto Rico were destroyed at the port 
of New York by the health officers in charg e in 1916, for not reach-
ing the r equired 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 hearin g by the Bureau of Chemistry 
in which arguments were presented by the commission to show that 
the standa rd 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 chi ef claim, however, was that the fruit here was 
fu lly matured before the ratio of 7 was reached. 

To decide this point, as well as to gather data that might bE 
useful in cult ivating, fertil izing, and handling the fruit , the investi. 
gat ion herein· reported was started ' in 1916 by the former chemist 
Mr. W . B. Cady. 

Tn 1917_ l\'Ir . Cady resigned, and the writer was appointed as hii 
successor. The probl em was immediatel y submitted to his consid 
eration by the then Dire ctor of the Station, Mr. W. V. Tower, witl 
the request that the work begun by i\'Ir. Cady be continued. Ho"· 
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 purpos e that Mr. Cady undouhtedl : 
had in mind. The above statemeht it not mad e in any spirit o 
crit icism but simply as a candid expression of fa cts una voideahl 
in a r eport of thii;- nature which must embody data collected h 
two different investigators , and in which eaqh one must ha" 
his due. From the data at hand the conclusion was reach ed tlu 
the chief ai.m was to find out whether grapef ruit s matured bef01 
reaching a ratio of 7, and to study the effect of sweating , an 
stor ing , on the ratio and sl}.gar content of the juice. Beside 
there "·er e data to show that an atte mpt had been made to gain a 
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insight into thr Reasonal ehanges 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 
1s what the <lata seem to show. 

The data left by i\!Lr. 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 aeid. 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. 

:J. Notes on the types of soils on which each tree stood, and 
chemical analyses of eaeh 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 eompared. 

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. ( usualJy 
every 15 da)'S from September to February) and pick samples from 
each o.f 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 hai,e of the trees were analyzed. In a nnmher of in-
stances notes ahont the fc>·rtilizer used werr taken. 

The writer thought that no conclusions as to the effect of fertil-
izers could he drawn from data eollected in this fashion, where there 
were s() many factors of variation involved and decided to drop that 
phase of the projeet referring to fertilizers. Each tree was fertilized 
differentl)', planted on different soil. and under different clima-
tological conditions. 

The effect of sweating and storing fruit was so clearly shown 
h~,. "i'..Jr. Cady's \\·ork that the writer did not think it necessary to 
c·ondn('f any more 0xperimrnts along this linr. 

Thr s.n,trm of having trees sd aside in different plantations and 
of c·ollPcting samplrx pC'riodicall,Y \\·as rontinnefl, and the soils were 
annl;vzecl wlwneYer nrw trers were (•hosen. Tt was ah,o decided to 
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carr y out . detern1i11ations of the conten t of nutritive ingr edi ents in 
the , n·holr frnit, 1o ga in a genera l idea of the amount of fertilizer 
i·emoYed hy nn a\·eragc c:rop of gra pefru it un der the conditions of 
cultivation and types of soils tha t obtain in thi s countr y . By what 
has be.en said it will be evident tlu1t all data collected from 1916-1917 
was the "·ork of Mr. Cad~·-

ADIS. 

With these general ideas in mind, the original plan of invest iga-
tion. whatever it migh t have been, was r econst r ucted to cover the 
following aims. These aims were of course to be attained with th e 
aid of Mr. Cady's data: 

1. To determine whether grapefruit may be consider ed mature 
before it r eaches a ratio of solids to acid of 7. 

2. To determine the time of th e year when grapefruit reach ed 
a ratio of 7, Mr. Cady's work havin g demonstrated . that grapefruit 
here did come up to this ratio. 

3. To find out wheth er there was any differenc e among the dif-
ferent varietie s cultiv ated here in regard to the points noted above. 

4. To gain some knowledge as to the proportions of fertiliz ing 
ingredient s present in th e fruit at different stages of its maturation 
period. 

· 5. To determin e the influenc e of rainfall on th e composition of 
the fruit. 

6. To find out the influen ce, if any, of type of soil on any of the 
point s enumerated. 

7. To see whether th e soil composition beaTS any relat ion to the 
composition of the fruit, or t o its quality. 

8. 'l'o find out the influen ce of storing and of sweating the fruit 
on the ratio , appearan ce, keeping qualities, weight , proportion of skin 
and juice to weight of fruit, sugar content of jui ce, and, in general , 
upon the qua lity of the fruit as a whole. 

· An imm ense amount of work would be requir ed to arrive at defi-
nite conclu sions on any of the points enumerated above. With the 
data at hand to date, many of the questions rafaed may be consider ed 
as definit ely settled, while others would requir e further work , and 
chan ges in the method of inv estigation to complement the data 
obtained. However , as it is not possible to give for the pres ent 
more t ime to th is project, all data collected , whethe r leading to defi-
nite conclu sions OT not , will be her e published , so that they may be 
avai lable 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 
,York which has not been carried to completion. 

For clearness in the discussion, this report will be presented in 
two parts. Part I 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 discussion of the factors, natural and otherwise, affecting the 
changes discussed in Part I. 

PLAN OF 'J'HE lNVE!S'l'IGATION. 

As already explained, there were two lines of investigation indi-
cated by J\!Ir. Cady 's work, which the author discontinued, namely : 
the effect of fertilizers, and the effect of sweating and storing on the 
composition and qualit:· of the fruit. The former, because it was 
not thought possible to arrive at any conclusions with the data ob-
tainect 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 on, were liberal enough to 
part with the crop of the tree or trees selected, and from each hw 
a sample of ten or twelve fruits was" picked every fortnight. These 
samples were brought to the laboratory and not 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 J\!Iarsh's Seed-
less and Duncan were used, but for the following season, 1918 to 
l.919, only Duncans were selected, as this variety is hy 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. 
( c) 'l'hiclmess of skin. 
(d) Weight of skin. 
( e) Weight of juice extracted. 
(f) Solids in solution in juice. 
(g) .Aeidity in jni<~r expressed as anhydrous citric acid. 

1 No pl:111 for -fl'rtilii:in!! tlw trN•s sy;;t('mnti("al\)' wu,: avuilnhl,;>, hut only not('" on tht> 
fr1·tiliz1•rs 1rn1;tl ]ly thr J)ln11t('rs tlwmsplvn; on tlwii· respectin• pln<•ei;, Th<'M' vuried in 
amount, l'ompoi,ition nnd ('harnl'ter, and rouM not, of rom·sf', s('l·,·r :1;; a hnsis for any ronrln-
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 addit ion 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 ana lyzed. 
On the samples picked during this season, determination s of 

nitrogen, ash, phosphor ic acid and potash were made on th e whole 
fruit. 

'.\rE'l ' I fODR. 

'l'he 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, t>xcept the nitrogen determination s 
and the ash ana lyses. 

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

" Beginning September 22nd, we selected an a,·erage Dunean tr ee in eii ht 
diff erent groYes, picked t welve fruit 's from eaeh of th ese tr ees at intern\ls of 
e1>ery two weeks as work at t he labora tory would perrrLit . These frnit s "·ere 
brough t to the la bora tory and analyzed. 'l' be gro,·es fr om 1Ybich t his fr uit was 
tak en ran ged from a he:wy clay to a li ght sandy soil. '' 

The effect of storin g and of sweatin g was determin ed by picking 
80 fruits from each of five tr ees 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, a.nd analyzed. This is described by Mr. Cady 
as follows: 

' ' Chano es th at take 1Jlac e i 11 holcli11r1 sweatcrl and i,nswe at ecl f r·uit.-T hese 
tests were from five diff erent groves. Eig hty fru its were tak en from each grove 
and rlividecl into lot s of 40 each. For ty fr uit s were sweated fo rty-e ight hours 
at a t emperatur e of fr om 90 to 95 degrees Fa\11'. The other 40 were helrl in tho 
laborat ory for analysis. Ten fr uit s "ll·ere analyzed earh week fi- 0 111 the s,ycat c(l 
ancl uns wea ted lots.'' 

Another method used consisted in picking lots of 150 or 200 fruit s 
and storing the fruit , one-half sweated and th e other un sweat ed. 
Samples of 10 fr ui ts were analyzed each succeeding week, and. 111 

other observations noted made on them. 
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Samples of soils in which these trees stood were analyzed as well. 
As no description 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 01:1 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 circular holes, and 
taking the nurtlber corresponding to . that through which the fruit 
would pass fitting closely. 

The dimensions and the corresponding numbers were as follo,rn : 
Dinnwtrr of 

l1oles in 
ind1es. 

Corresponding 
number indicnting 

size of: fruit. 
3 15/JG ----------------------------------- ------------ 80 
41/1(3 ------------------------------------------------- 72 
4 1/4 --------------------------. ----------------------- 64 
-! 7/16 ------------------------------------------------- 54 
4 vs __________________________________________________ 46 

4 7 /S ----- _ -------------------- ____________ ----- __ ----- 36 

'I'he contrivance for taking these measurements was found in the 
laboratory, so that it may be taken for granted that it was used h,-
llfr. 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 circum-
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. 

P1'oportion of rind and ju.ice.-The pf'l' cent rind and juice "·erf' 
fonncl a:-; described under juice analysis. 

METHOD OF ANALYSIS . 

. Juice amalysis.-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 soiids.-A tall cylinder was filled to the brim with th e 
juice, the air bubb les allowed to escape, and a Brix spindle inserted . 
The temperature was taken, the Brix spind le read, and the reading 
cotrected 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 cc: Erlenmeyer flask, 50 cc.· distilled water added, 
and the whole boiled to expel carbon dioxide . The diluted juice was 
cooled, phenolphthalein added as ind icator, and titrated with caustic 
soda solution so prepared that ·one cubic centimeter was equivalent 
to one-hundredth gram of anhydrous citric acid. 

S·ncrose.-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 wer e 
employed in the calculations. 

Invert sugar.-School de Hans Method was used. 
Total sugM as invert.-This was calculated from the figures for 

sucrose and invert sugar. 

DETERMINATION OF FERTILIZ ING INGREDIENTS IN WHOLE FRUIT. 

Pt·eparation of the sam.ples.-For this wor-k 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 
pro cess was continued until thr 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. In the samples so prepared, the following 
determinations were made: 
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DETERMINATIONS. 

Nitroge11.-Nitrogen was determined by the regular Kjeldahl 
process in 10-grmn samples. 

PhosphoJ·ic anhydr-ide was determined in the ash, by dissolYing 
in agna 1·pgia, 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 metho(l: A portion of ash corresponding to 5 grams 
of sample prepm,ed as described above was boiled for one-half 
hour with 100 cc. to 150 ce. distilled water. The solution ob-
tained was made alkaline with alnmonia and treated with am-
monium oxalate. \Yithont filtering. The solution ,-.;-as made to a 
Yolume of 200 cc. 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 
1Yith water. and the solution treated ,vith barium ehloride to re-
move fmlphait 1 N. 'I'he preeipitate was filtered off\ and washed. 'rhe 
filtrate and washings were received in a silica dish. treatra with 
perchloric acid, and evaporated on the water bath until 1-rhite fnmes 
were given off. The resiclne ,vas then taken up with 95 per cPnt 
a1(•ohol, thoroughly washed 1Yith alcohol by decantation. pasKNl 
through a Gooch crucible, washed again in the erncible, dried at 
120-130° C. and weighed. Hot water was passed through the <'l'll-
<'ihle, and then 95 per cent aleohol. the crucible dried once more 
at .120-130° C., and then weighed again. The differenee between 
the first and second weighings represents the potash as potas;,:;inm 
perchlorate. By multiplying the weight of the potassium perchlo-
rate obtained by 0.340. the actual potash was obtained.' 

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

Jloist,wc.-The moisture in the prepared sample was determined 
by heating in a flat German-silver di::;h, to constant weight in an 
oven. at 110° C. 

Taking into account the moisture content of the prepared sample 
and the loss in ,veight sustained by the sample during the prorPss 

1 'l'J!is m!.'fltod w11s follow('(l b('raus(' it was l'ery har<l nt th(' timr to serur!.' rhloroplatini<' 
:H·ld, wlifrh would lnn•C' 11!.'rn pr!.'fN't'Nl as a preripit:mt liy the writl'r. 
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of prepa1~ation , the results obtained were calculated backl to the 
whole fruit. 

ARRANGEMEN'l' OF DA'l'A. 

The data will be presented mostly in tabular form, with oc-
casional graphs based on the tables given. The discussion will be 
by subjects, ta.king up each of the points to be prov en 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, l?ut all :figures for 
individual cases 'are also given, so that the degree of var iat ion may 
be better appreciated. 



PART I. 

NATURAL CHANGES. 

By the study of these changes, an effort will be made to deter-
mine the r;uowing points: 

1. Whether grapefruit may be c5>nsidered 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 cultivated·in this country in regard to the points noted above. 

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

SEASONAL CHANG!~~ OF GRAPEFRUlT. 

In order to obtain the necessary knowledge to settle the four 
points at issue in this phase of the investigation, it was found 
necessary to find out first of aJI what changes were undergone b,· 
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 exclusively 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 "1\farsh'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 copducted 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 convinced that no more data were neces-

15 
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sary to judge th e ''Triumph,'' while during the last season, 1918 
to 1919, only the "D uncan" variety was used, as enough data were 
already on hand about the "Mars h' s Seedless," and enough infor-
mation had been accumulated for the purposes of a compar ison. 
Besides, the Duncan being planted almost universally, was chosen 
exclusively for the tests of this year, to simplify matters. 

The re~nlts of the analyses, by seasons, varieties, and trees, are 
given below in tabular form, for each season and each ~ariety sepa-
rately, with proper comments in each case. Upon the facts thus 
revealed, conclusions as regaTds the points enumerated will be 
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. Tl1e 
samp les 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 frnits tn ,;nit 
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 tre es wer e 
selected for the biweekly analyses above referred to, and analys rs 
of the soils on which they stood. 

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

Trees Selected for the 1916-17 V/ork. 

Grove Locati on of grn,·e Owner or Manager Tree 
(\'nrlet)') 

Mr. Boyd ... ... ...... ......... ·I Duncnu 
Triumph 

Mr . M. L. Dnvlcl : ........ . ..... Dun can 
Mar sh's Reedles 

Mr. Dunham ... .. .. . ........... Dun can 
Mr. Fletcher............. ...... Duncnu 

A.............. Pueblo Viejo ..... ............. . 

B....... .• . . . . . Vega Baja .................... .. 

D....... .. . . . . . Pueblo Viejo .................. . 
E . . . . . . • . . . .. . Palo Seco ..................... . 

M r. Lfppft .......... ............ Duncan 
Mr. Newton . .... ........ ... .... Duncan 
Mr. Parkhur st .... .. ....•...... J)uucan 
Mr. Reed ................. . . .... Triumph 
Mr. Scov ille ........... . .. .. .... Mar sh's Seeclles 
Mr. E . D. Stevens .............. Duncan 

G .............. Trujflio Alto .... ......... . .. .. 
I ............... Bayam6n ................... . . 
J ......... • •... Bayem6n .................. ... . 
K .............. Pueblo Viejo ............ . ..... . 
L . . . . . .. . .. . . .. Rio Pfedras .. ... . . ............ . 
N ............. Vega Ahn ....... . ............. . 
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COMPOSfi'ION OF SOIL IN WHICH EACH 'f'REE STOOD. 

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

, . ..:., 

Soil taken ftom near test grapefruit tree in Groi•e A, March 1917. 
"Sandy Loam. 11 

Re•ietion --------- -------- ---------------- Acid. 
Insoluble matter--------------------------- 81:i. (i6 per rent. 
Iron :nu1 alumina ______________ ------------ fl. 70 per cent. 
Lime --------- ------ --------------------- 0. 05 per cent. 
Magnesia --------------------------------- None. 
Phosphoric acid---------------------------- 0. 13 per cent. 
Potash ------------------------ ----------- 0.100 per cent. 
Nitrogen --------------------------------- 0.050 per cent. 

Soil taken frorn near test tree II Duncan" fn Gnnie B, near Vega 
Baja 1 March '71 1.917. Red cla-y loam. 

Reaction Acid. 
Insoluble matter--------------------------- 77. 45 per cent. 
Iron and alumina __________________________ 13. 40 per cent. 
Lime ------------------------------------- 0. 35 per cent. 
Magnesia -------------------------------- rrrace. 
Phosphoric acid ________ ·-------------------- 0. 191 per cent. 
Potash ----------------------------------- O. 009 per cent. 
Nitrogen --------- ------------------------ 0. 130 per cent. 

Soil taken from near test tree 11 .Marsh's Seedless'' in Grove B. 
Red Sanely Glay. 

Reaction --------- -------- ---------------- Acid. 
Insoluble matter_ __________________________ 81. 80 per cent. 
Iron and alumina __________________________ 11. 50 per cent. 
Lime --------------------------- --------- O. 30 per cent. 
l\fagnesia ------ ------ -------------------- Trace. 
Phosphoric acid ___________________________ 0.191 per cent. 
Potash ------- ---------------------------- O. 0097 per cent. 
Nitrogen ------------ --------------------- O. 101 per cent. 

Soil taken from. near test grapefruit tree in Grove I. 
''Sancly loa-111.'' 

Reaction --------- -------- ---------------- Acid. 
Insoluble residue--------------------------- 88. 21 per cent. 
Iron and alumina, ________________ -:v---------
Lilnc --------------------- ---------------

5. 70 per eent. 
0. 20 per cent. 

Magnesia --------------------------------- None. 
Phosphoric acid---------------------------- 0. 191 per cent. 
Potash --- -------------------------------- O. 039 per cent. 
Nitrogen --------------------------------- 0. 112 per cent. 
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Soil taken fro1n 11ear test tr ee in Grov e E, Mar ci! 26, 191'7. 

React ion __ _: ______ -------- ------ - - - --- - --- Acid. 
Insoluble matter- -------- --- - - -- -- - ----- -- - 72. 51 per cent. 
Iron and nlumina __________________________ 12. 40 per cent . 
Lime -- - -- - -- - --------------------------- 6. 40 per cent. 
Magnesia - -- -- - -- -- - --- - -- - -- - - --- ---- -- - 0. 47 per cent. 

0. 606 per cent. 
0. 097 per cent. 
0. 168 per cent. 

Phosphor ic acid ______ ----------------------
Potas h - --------- --- -- - - ----- -- - --- -- -----
Nitrogen -- - -- - --- ----------------- - -- - - - -

Soil ta7rc11 from near test tree in Grove G, Marcl1 18, 191 '7. 
C7cvy so il '' very hard.'' 

Reaction --------- - ----- -- - --------- -- - --- Acid. 
I nsoluble residue ___________________________ 62. 60 per cent. 
Iron ancl alumi.ua __________________________ 19. 92 per cent . 

Lime ------- - -- -- - -- - ---------- - -- ------- 0. 15 per cent . 
Magnesia ______ -- -- -- ----- - --- - - -- -- - -- - -
Phosphoric acid _______________ -------------

Potas h -----------------------------------
Nitrogen 

Trace. 
0. 331 per cent. 
0. l 74 per cent. 
0. 168 per cent. 

S oil talren from 1iea1· te.~t tr ee in Grov e I, n ear Ra1Ja111611, 
Feb1•1tary 9, 191'7. '' Sandy loam.'' 

Reaction --------- -- ----- - -- -- ------------
Insolubl e matter ________ -- ---- - ------ - - - __ _ 
Iron ancl alumina---- - -- -- -- ----- - -- - -- -- - -
Lime - - ----- -- -- --- --1- -- --- -- - - - -- -- - -- --
Magnesia --- - -- ---- -- -- ---- --- ---- - --- - --
Phosphoric acid_- ----- ----- ---~-- -- -----::--
Potash ___ ----- - --------- -- ---- --- ---- - ---
Nitro gen ----------- - - ---- -- ----- ------- --

Acid. 
87 . 49· 

6. 70 
0. 10 

Trac e. 
0.35 
0. 019 
0. 12] 

pe r cent. 
per cent. 
per cent. 

per cent . 
per cent. 
per cent. 

Soil take n f1·01n 11ear test grapefruit tr ee in Grov e J, near 
B (I/IJamcn, Mar ch '7, 191 '7. '' Sandy soil. ' ' 

Reaction --- -- - -- - - ---- -- - - - -- - - --- -- - - - -- Acid. 
Ins1ouble matter-- - - - ---- - - - - -- - -- ------ - -- 90. OS per cent. 
Iron and alu mina -- --- ----.----- -- -- -- - - - -- 5. 70 per cent. 
Lime --- - - --- - -- ----- -- - ----- -- ---- -- --- - · 0. 14 per cent. 
:M:agnesia --- - - ----------------------- --- -- None . 
P hosphoric acid - ----- -- -- ------------------ 0. 191 per cent. 
Potash ----- -- - -- - --- -- - ------------------ None. 
N it rogen - - ----- - --- ---------- -- - -- -- -- - -- 0. 214 per cent . 



NATURAL CHANGES. 

Soil taken from near annual test tree ''Triumph,.'' Grove K, 
''Reddish da}I .<1oil.'' J[arch 20, 1917. 

Reaction _ -------- _ ------- ------- --------- Acid. 
Insoluble resi<lne ___________________________ 65. 40 

Iron and alumina-------------------------- rn. 50 
Lime ------ ------------------------------ 0. 20 
:\fagnesia --------------------------------- None. 
Phosphoric> a(~ifl ____________________________ 0. 191 

Potash ----------------------------------- '!'race. 

per cent. 
per cent. 
per cent. 

per cent. 

~itrogen _____ ---------------------------- O. 168 per cent. 

Soil taken from near test tree in Gtovu L, Jla.rch 36, 1917. 
''Sandy Loam.'' 

Reaction 
lnsoluble residue--------------------------
Iron and aluminu _________________________ _ 

Liine ------------- -----------------------
}.{agnesia ---------------------------------
Phosphoric achL ____________________ -------
Potash _________ ----------------------- .. --
~itrogen ------ ---- -- ---- ------- ----- --- --

Acid. 
87. 11 per 
8.40 per 
0.20 per 

None. 
0.101 per 

None. 
0. I 12 per 

Soil fo/:rn from llt'ar frst lfrapcfrnit tree in Urote N, 
.lfarch 71 1917. 

InsolublC' residue--------------------------- 87, !).J 
Iron and nlumina _________________________ _ 

Lhne --------- ---------------------------
1IagnC'sia ____ -- ------ --------------------
Phosphorir aC'itJ ____ ------------------------
Xitrogen _ -------- _ ----- - -------- - - -- -- ---
1 'otash ------ ___ ------------ --------------

G. 40 
o. 30 

Trace. 
0. 100 
0. 097 
0. 080 

per 
pt'l' 
11er 

per 
per 
per 

cent. 
cent. 
cent. 

cent. 

eent. 

1·ent. 
rent. 
rent. 

cent. 
cent. 
cent. 

19 

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



INDIVIDUAL '!'REE REC ORDS, SEASON 1916-1 917. 

TABL E 1. 

Analyses of Fruit (Duncan) from Test Tree, Grove A, Pueblo Viejo. 

.... ... ... '"" [jj d g1t= .. ""' "'- "' .,- - 0 ... - "' ... .. • .. 0 
:::: _ ., 

C - 0 Ow~ "'"' ::, .9 au Dat e pick ed .. .cl .. Coler 
Cd., .. .c.,. .,,., _ ,_ lll1> ., .... .. ~:;j~ <.) = l>4!:: "'., ;:: O'O <> ..... -;;.:: o-:> '"·- ... ., wU ·-::, M 

u.., 'O <.> .,,_ ~ ::;d ., .. ., .,., Q)N ~:;; ... - ;:::~ ·ot> .. 0 -., " ~1: 
,._ .c'-" ;~.& "'" £·--- dOO =Ill ~" "' ..; "' i;.,0- P.. "' p..·~ -<:~ ~., ... ... 0 ~--

- - - - -- --- - -- --- - - - --- --- --- - -- ---
Octeber 8 •• • •••••••••• ••• .. •• 583 S6 G. Y. T ..... .... 3/8 31.31 20 .988 37.68 8.2 1.28 6.4 2.44 4.8 9 2.38 1.047 
October 6 . .• , . •..• ..•.....• .• 575 46 G. Y. T . .. .. .... 6116 30.56 26.450 38.60 7.8 1.39 6.5 2.44 4.65 2.09 1.167 
October 2S ........ .... ...... .. 592 54 G. Y. T ......... 5/16 3 l.74 31.968 38.87 8.0 1 26 6.S 2.69 4.40 1.59 1.69 1 
November 8 ...... •.....•...... 505 54 G. Y. T ... ...... 9/32 26.41 27.270 43.80 8.6 1.25 6.9 3.10 4.16 94 3.207 
Novembe r 2 1 ...••... ..•. , ..•.... 490 54 Y. S. G. T . . . .. o1s2 25.61 26.460 46.65 8.1 1.84 6.0 3.10 4.89 1.67 1.85€ 
December 11 .. ••....•..•...••. .. 617 46 Y. G ... . ...... . . 818 29.83 28.382 41.83 82 1.20 6.9 2.69 4.40 1.59 1.691 
February 15 .................... 541 40 B. Y ... . ....... 114 30.00 21.610 49.92 8.5 1.25 6.8 3.50 4.89 1.27 2. 75li 
F6bruary 22 .................... 500 54 Y. S. c;. T ..... 26.66 27.000 53.21 7.0 1.01 6.9 2.93 4.40 l.S6 2.17C 

Averages for the se a son ... . .... 550.B 47 10132 29.01 26.2 69.7 43.76 8.05 1.247 6.455 2.86 4.54 1.60 1.78, 

T ABLE 2 . 

Analyses of Fruit (Duncan) from Test Trees , Grove B, Vega Baja. 
... ... '""' I!~. :Ct! .. .,., .,_ 

I 
"' I ;; - " .. · 000 

0 ... 'O ""' Dat e picked I '°.cl .. Colo r 
;: .,. " - o ., _ -... OO> ;; 

f~ .. .;.c~""" 
., "'"' .,., ... 0 '0 <.> ... .. -c o ... = ... ., ,2 en() <>r:, <>o 'O <.) ~::: 

__ ., .... .,_ ., _,_ ., .... fi ~eo ... - :::-; -- '°o -., C "'c;;a> 0 
~1: .cl'-:l a,:> <><> .soc .::"' ~., .. 

-<l"' i;.,0- ;:: ..... .o i:..·~ ~ ·--. ~ ., ... (.) i,::" -' 

--- --- - --- - -- -- - -- - - - - --- --- ---
October 6 .. .... ...... ... . . ... 379 64 Y. G. T . ...... .. 114 2·1.78 24.216 43.64 8.5 J.38 6.1 2.93 1 6.14 2.09 1.401 
Novemb er 3 ...... .. ... . ...... .. 317 64 G. S . Y. 'l' .. .. .. 174 26.66 20.288 44 ~g 9.6 1.52 6.2 2.19 6.38 3.o7 0.713 
December 29 .................... 406 64 Y. G ........... . 174 28.57 26.112 50.00 8.0 1.18 7.1 3.10 5 .14 1.fi2 1.614 
January 18 ...... . . .... ........ 466 64 Y. G. T. : ...... 6116 29.46 29.82 •1 47.82 7.7 1.10 7.0 3.50 5.87 2.25 1.555 
February 1S .... .... ............ 684 SG Y. G. T ......... 174 27.03 24.624 42.66 8.6 1.13 7.6 8.67 6.60 2.81 1.306 

Average s for tb e season ...... 450.8 58 8/ 32 27.10 25.028 45.74 BAG I 1.252 6.757 3.08 6.217 2.03 1.517 

NOT&.-In working wit h th e fru it o. system of notin g th e comparative amount s of· coloring was devised . In the chur ls letters a re u sed to r epr ~· 
sent these as follows: G., g reen ; Y., yellow; T., ti n ge ; S., slight; Q ., quite. Various combinati ons ar e employed. 
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TABLI~ 3. 

Analyses of Fruit (Duncan) from Test Tree, Grove D, Pueblo Viejo. 

Date picked 
:,::: 
"" tc3 !i e: 

September 22 .................... 1 560 
October 20 • .. . . ... • . .. . . . .. .. . 535 
December 8 .•..••••••• , •• , • •• . • 558 
January 18 .••.•....•.. ...•. ... 545 

Averages for the season,, .... 5H.5 

" " "' "' .... c:i._. d 
<» .., o&; ..., A .- .... .8 ;!I~ e.c 
hll l i::i,E.:l r:l -0: A fil - Cl o"' •·>!·• in> 5l 
:::~ Coor ~~.S ~i:i 'u~w C)8 'd'E ..2~,,:, ~5i ~.S <l.l 

......... r::1 t;;;;i o;:::o ~'8 :::'E ·sci -~roc:; >~ Orn § -<"' t;o- ;i,"' :::: .... .c p.,.•-, ~-..... --::- ~"'= e"' E--i= I:'.) 

.. 
. ~8 .s g 
fg~ 
p:;> .... --- --- ---- ----·-- ---- --- --- ---- ------- ___ , __ _ "I Y. G. ·•··•· ·· 1 64 Y. S. G. T ..... 

54 Y. G, .......... 
54 Y.S.G.'f ..... 

54 

5/161 ,,. 
6Jl6 
1/4 

28 .. 80 ao .. 84 
28.57 
29,53 

$0,240 
28,800 
29,052 
29,•130 

•11,03 
42,93 
42.85 
44,36 

7.8 
8.6 
8.9 .. , 

1.25 
1.25 
l.21 
1.25 

6,2 

'·' 7.3 
7.1 

2.69 
3.50 
2.69 
2.69 

6.38 
5.14 
5.63 
6.14 

2.57 
1.52 
2.82 
2.38 

1.0-16 
2.302 
0.953 
1.154 ___ , ___ , ____ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ _ 

10;82 29.43 29,40a I 42. 19 8.55 1.2,1 G.895 2.89 5.32 2.:n 1.251 

TABLE 4. 

Analyses of Fruit (Duncan) from Test Tree, Grove E, Palo Seco. 

Date picked 

September 28 , •• , , , , , ......... , , , 
Novembor· S .................. .. 
December 2 , .................. . 
January 22 .....••............. 

Averages for the season .•.... 

·-""' d" lii~ !; e: 

650 
6.16 
701 
483 

599. 7 

~1 .,, " 
51 
50 
46 
6,1 

54 

Color 

G.~~ .... . 
G.Y.~ ....... . 
G.~~ ....... . .... . 

" " ~t! d •o 'o 
'o~ " 1.9 0 

~- - ;; 0 " 00 a; JJ~] 0 -" -· •> -, • ,,_ •• •• ,,:s . .,,.,, •• -· • ·-" •o ·~8~ •• .,,. .::::::a . " ·- 0 -·· :a~g ""' ·- =§] ci'8 >o 
d ~~/.; ·- ::::--.o i-2. ~- ca g d ,'l" 0 

,_,o- ~- u; ---,---,----,---·-1---,--_, ___ , ___ , ___ , ___ , __ _ 
5/16 26,58 29,700 29.49 9.3 1.59 5.8 3.10 E.87 2.Ga I 1.169 

1IJ32 25. 78 S8. 760 37 .68 8,8 1.16 7 .G 3,50 6.36 2, 7'J 1.277 
11,1 22.99 38.246 41.00 9.1 1.10 8.3 3.10 6.ll 2,89 1.072 
114 28.50 B0.912 47.35 9,8 1.23 7.5 3,67 5.63 1.84 1.99--1 -----------i-
9;32 25.67 31.402 38.88 9.12 1.27 7.181 3.34 6.87 2.53 1.320 

21 ,. 
2l 
"' ,. 
t:< 
0 ,. 
z 
0 
t,j 

"' 



TABLE 5. 

Ana lyses of Frui t 1 (Dun can) f rom Test Tree, Grove G, Truj illo Alto. 

., "' ... 
"~ 

I 
" "' ., 0 ... = c:: Q 0 '.;? ~!="a ;; " Date picked I bo.:, bo .. "' -Color .... "' .!d~A " fo~ M ""' .. ., 

'C !:: O 'C c, ... _ .. ., o.,- "" " " '.=?~ :::===d ""' " " ... Q) 0 0 ... - Qt) .... .,._ :E'-= "'" o~ a!OO 
<- < "' E-<o- ~., ~.!::.o <- o:;"' .. o..·~ "'~ - - - -- -- -- --- --- - - - - --

September 28 ............ . ...... . 600 46 G. Y. 'l' ..... • .. . 0/32 2 1.03 27,600 38.45 8.8 1.39 6.3 
November 6 ••.•................ 450 60 G. Y. T ... ... . . . 1/4 26.28 27,000 45.08 9.5 1.26 7.5 
December 7 .••.. ... • . . . ........ 498 54 G. Y ... ... ... . 6[ 16 30.64 26.892 44.70 9.2 1.27 7.2 
J anuary 24 . ....... . .. ····· ... . 530 64 G. Y. T . ........ 1/4 31.13 28,620 40.Sl 10.0 1.03 9.7 -- - --- --- --- ---- --- --- --- ---

Average s for tbe seaso n .... .. 519.5 54 9[32 27.27 27,528 42.26 9.37 1.237 7.578 

T ABLE 6. 

Analy ses of Frui t (Dunca n) from Test ·Tr ee, Grov e I , Bayam6n. 
., "' :- ... .,., " ::,::,., = o'" = " .... " .;-CO.:, bo .!4-~ .. "' - 0 Cll:g Date picked Volor " i::"" "' " = 

.,., .. ., .. O'C c, .,- .. " ..:a .... ., "" 'C" .,, .. -:;;:; 41 .. "'" i..~ 'ii ::Jo ... - ::::-; O'E .,_ E-<o- "" .. oo <- <"' :. "' ;::.!: .0 o..·~ ~ -.., ..:- ~., .. 
--- - -- --- --- - - -- -- - --- -

~eptember 25 ................... . 550 56 G. Y. T ..... ... 5/16 25.53 30,800 41.34 8.8 1.29 6.8 
ctober 9 ... . ..... . ••.. . ..• • • 625 46 G. Y.1' .... . ... 5[16 29.17 28,750 38.72 8.6 1.29 6.7 

October 28 . . .. . ... • . . .....•• • . 637 •16 G. Y. T ... . .. . . 9[32 28.87 29,302 43.47 8.6 1.19 7.2 
November 3 .... . . .• . . ...... .. . 643 46 G. S. Y. T ... . .. 9/32 27.27 29 ,578 42.88 8.6 1.14 7.6 
Nove mber 21 ....... . ............ 551 54 G. S. Y. T ...... 5/16 27.38 29,754 41.22 86 1.10 7.8 
Dece mber 8 ......... . .......... 810 36 G. Y .. . ........ 7116 31.07 29,160 42.70 8.5 1.05 8.1 
Dec ember 29 ........ . ... .. ... . .. 713 36 Y. G. 'l' .. . .. . .. 28.1-l 25,668 42 .35 8.5 1.00 8.5 
January 18 ...... .. ... . ....... . 658 46 Y. S. G. 'l' ..... . 9/32 26.58 30 ,268 42.36 8.7 1.10 7.9 
Febru ar y 9 ... · · · ·· .... ...... .. 725 36 Y. S. G. 'l' .... .. 27.90 26.100 42.57 8.6 1.00 6.6 
Marc il 9 .... '\ •• •• •• ........ 658 46 Y.S. G.'r ...... 518 24.05 30,268 48.10 8.9 1.08 8. 2 --- --- --- -- ---- --- --- --- ---

Averages for the season ...... 657 45 10/32 27.59 28,9648 42.51 8.64· l.] 24 7.686 

... .... .. ... 
"" ..... ., .. ... ., -d 

"oo "'·~ .. ,, .. ., 
~a! d"' H --- ---

2.93 5.63 
3.67 5.87 
3.50 5.63 
4.16 6.60 --- ---
3.565 5.953 

... 
a! ., 

""'" ""' ..... ., .. 
... d _,, 
"'"" .,_ .. ,, 

~:l ""' H --- - --
3.10 5.38 
2.69 4.89 
2.69 5.88 
2.69 5 .14 
2.69 5.38 
2.93 4.89 
2.93 5.63 
S.50 5.38 
3.67 5.87 ....... ... ..... --- ---
2.987 6.82 

... 
a! .. 
" "' ., 
d 
a! 
0 ---
2.58 
2.08 
2.01 
2.42 

---
2.27 

... 
" .. 
" ., 
" " .. 0 - --

2.16 
2.08 
2.57 
2.83 
2.57 
1.84 
2.58 
1 .76 
2.08 

········ ---
2 .218 

~B 
o .. n ... .,., 
o:; > 
-- -

1.185 
1. 764 
1.741 
l.7l0 

-- -
1.570 
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""'" - .,o 
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~o--
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1.49 
1.29 
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TABLE 7. 

Analyses of Fruit (Duncan) from Test Tree, Grove J, Bayam6n. 

I • ·-Date picked "-" " e~ • "• .. ·--,- <·" ---
~ptcmber22 ••.......•.••••••..... ; s 

0 
0 
N 
N 
D 
D ,, 

588 . JO 

• ,, 

ctober 6 ........•••••.••....•... 583 ·1' 
ctober 23 ........................ ) 579 ,16 
ovcmber 3 ..... , .••••.......•... 583 I •16 
ovember 21,,. ... ...••• .. .... 1 651 5,i 
ecember 8 ...• ,, •... , •.......... 650 ·'6 
ecember 29 ...................... - 583 5-1 
rnua,y 18 ................... , .. , 633 ·16 
ebrun.ry 9........................ 533 ::.o 
:arch 9 ...•..•.....••.....•....... ~--'°-

Averages for the season....... 581.1 48 

Color 

G. S. Y. '1' . 
G. Y. '.1' ••• _ •• ::: 
G. S. Y. '1', .... 
<t. S. Y. 'l' ..... 
G. S. Y. •_r, .... 
G. Y .......•... 
Y. G ........... 
Y. Q. G. T ..... 
Y. G. T ......... 
Y. G. '!' ......... 

m m 
m • :; 0~ a.> =.a 
~~i5 -~ • "'-·-- •• -;:: .... = "-•" r:; o .... ~---- ----

3/8 28.33 27,0-JS 
3/8 30.80 26,818 

11/32 27.26 :26,634. 
11732 29.14 26,818 
5/16 27.63 2!), 754 
3/8 2D.33 29,900 
5116 27.86 31,·182 
11-1 29.05 29,118 

. . .. .. .. 28.81 26,650 

........ 28.58 25,668 ------
11]32 28.00 27.996 

'r.ABLg 8. 

" ~t:: :; " 'o "'~ 0 =• -" mo •• mo s::,E o~• "• -· •• ~- :o:::: cr:I . " ·-a- ::::-a Q'S ~::: •= dOO '"'~ . ..., .. - "·- a"' --- --- --- --- --- ---
40.53 8,.J 1.51 5.6 3.03 4.89 as.s,1 8.9 U9 6.0 3.10 5.88 
44.89 9.1 1.33 6.8 3.10 6.11 
,JS.40 8.6 1.27 6.8 2.69 •1.89 
•Hl.63 BA 1.17 7.2 2.69 4.89 
42.66 9.0 1.22 7.4 3.10 5,63 
44.29 9.0 1.20 7.5 3.50 6.38 
40.6'1 9.2 1.36 6.7 3.50 5.38 
-18.H 9.0 1.20 7.5 3.67 G.11 
46.11 ,., 1.40 6.7 3.91 6.11 -- ... ---
43.33 8.01 1.315 6.775 3.23 5.47 

Analyses of Fruit (Duncan) from Test Tree, Grove N, Vega. Alta. 

I 
• I g~ " Date plckcd "" • "- "• •• ~:::: .,, . 

September 25 .•..•...... , ••....•.. · 1 566 
October 5........................ 616 
October 23,............. .... . .. . . . 525 
November 3 ............. , ........ , 375 
November 21. .................... ,J ,100 
December 8 .................. , •.. : ,\50 
December 29 .. ,_ .................. 1 Ml 
.January 18 ................ , ...• , •. 1~

1 
__ 

A,·erages for the senson ...... l 

46 
64 
fl.J 
61 
80 
61 
tH 
63 

471.6 GZ 

I I: : :; ~.5-5 Color M.i4i:: 0 

E.:!; "" "'M .1:• 8" o .... 

G, Y. T ........ . 

[: t•f:::::::: tttr::::: 
f ~: ·L:::. 

lz4 26.13 
9132 29Al 
!.l/32 27.09 
8/32 28.ll 
7/32 22.~7 
:118 37.50 
• • .. . 2-Lf>I 

__ IQ.... 28,12 
8132 27.99 

" 'o 

I 
;; -~ 

~.::!~ •• •• '@::, 0 a-
~.t:.a •= ~·-

• 
.s ill 'o " ~-"' .... .,,.... ....... ,;i,_, 

;g~ :§~ a5.... -1'-' i:::;Yl""' ~"' .... 
--- ---- --- ---

26.~6 •13.92 
33,02-1 38.03 

8.2 L2S 6.4 3.08 5.1,J 
8.7 1.2.1 7.0 2.69 5.63 

28,350 ·12 95 8.9 L.27 7,0 3.50 5.38 
2.J,000 39.57 8,6 1.07 8.0 2.44 5.1·1 
32.000 ·IO.Q.I 9,6 1.43 6.7 3.10 r..n 
28,800 ,Jfi 37 7 .5 1.00 7.(' :l.93 4..10 
34,62-1 ·16.15 90 1.15 7,8 3.60 5.:1s 
25,200 _ ,[6.12 8.5 .91 9.8 3.50 6.36 
29,008 ·12.77 8.62 l.l66 7.392 3.092 6.438 

" = . • d 
d 
0 ---

1. 74 
2.16 
2.89 
2.08 
2.08 
2Al 
1. 76 
1.76 
2.32 

, __ 2.o_s_ .. _ 
2.128 

> 
11, 

I 
;: 
• 
0 

1.9-J 
2.82 
1.76 
2.58 
2.19 
1.35 
1.76 
2.7'1 
:?.23 

"· dm · eoo .s iii t o-= ~!il; "·----
1.741 
1.435 
1.072 
1.29S 
1.2!)3 
1.286 
1.988 
I.9SS 
1.581 
1.879 
1.517 

£lo~ -o ~1::t d I!.)::, ">. 
1.687 
0,953 
1.988 
0.930 
1,072 
2.170 
1.988 
1.277 
1.386 

! 
Q 

z 
Q 
t,j 
fl' 

t,:> 

"' 
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From th e above tabl es of individu al tr ee r ecords t he averages of 
all samples picked on th e same date wer e found, and ta bul ated as 
shown below : 

TABLE 9. 

Showin g the Mean Composition _ of Fruits Samp led from Eight Different 
Groves on Spe cified Succeeding Dates. 

'O 
.. cs 1-1 .. _ .. ., .,~ .:! cl '- .. .... .. ,, 

00.0 C C ., Oen~ :: o .. :: Date picked ~!O 
., .,,., "'" .. .. ., 

0 ""' <>c E O'O <> .... _., 
"' " " 'O (J ·::::: cc: ., .. .... _.,.., 

"'"' ... ,-·- :g-; . I>:, o~ C t .. .. ,, 
5 .. o o ;: ., " ...... "-'~ u,~ o::"'~ :-"' 0 c:::: (.J - - --- -- - - .- --- - --

Se p lem b er 25 ... Gll. 5 28 06 39.42 1 8.4 1.36 6.2 2.98 5.ll 2. 18 l.36 
Octobe r 6.. .. .. 58 1 29.65 48.78 8 6 1.36 5.1 2.84 5.24 2.28 1.24 
Octo be r 24...... 6L 7 25 60 43.48 8.5 1.20 6 3 3.05 5.85 2.17 1.40 
No vem ber 3. .. . 683 27 49 43.39 8 7 1.12 7.2 2.95 4.711 2. 17 1.36 
Nove mb er 21.... 582 26.27 45.15

1 

8.6 l.19 7.3 3.29 5.40 1.99 2.06 
Dece mb e r 8.. . . 596 29 96 •12.88 9.2 1.14 7.5 s 10 5.85 2.12 IA6 
Dece m ber 29.... 665 27.58 4 1.30 8.9 l.ll 8.0 3.38 5.62 2.11 1.50 
January 2~ ...... 580 28.39 45.13 8.8 1.15 7.6 2.78 5 41 1.80 1.54 

A;:~:~~s for the 602.31 28.25 1 43.57 J 8.7 J l. 205 7.28 J 3.046 1 5.258 1 2.102 I 1.4 J 

Th e average s representing the mean composition of the frui1 
for each indi vidual tre e for th e season, have been groupe d togeth e1 
as shown in the following : 



TABLE 10. 

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

DUNCAN FRUIT (1916-1917). 

" I Weight of " Average • Thickness ue Ratio of 
" Per cent fruit per Per cent Solids in Invert 

Grove weight in • of skin In skin box In julct1 juice :S'E~ solids to sugar 
grams "• inches acid ·- grn.ms o-.a ,_ -<;E.a 

<" .e ---- ~~----
A ........ 550'3 47 5J16 29.01 26,269.7 4il.76 8 05 1.2-17 6.465 2.86 
B ........ 450.8 58 17,J 27.10 :.!5,020.8 ,M.74 8.46 1.252 6.757 B.08 
D ....... 544.5 " 5116 29.4.;:I 29,433 •12.79 8.55 1.240 6.895 2 89 
E ........ 5!19.7 

:: I 
9z32 25.67 31,402 38.88 9.12 1.270 7.181 3.M 

G ........ 519.5 9J32 27.27 27,528 42.26 9,37 1.237 7.578 3.565 
I ........ 657. 45 5J16 27.59 28,06-i.8 42.51 8.64 1.12-1 7.1386 2.081 
J ........ 581.1 48 11]32 28.66 27,996 43.SS 8.91 1.315 6,775 3.23 

........ 471.61 62 1/4 27.99 29,008 42.77 8.62 1.166 7.392 3.00:l 

Total Cane sugar as sugar lm·ert 

4.54 1.60 
5,217 2.03 
5.32 2.lll 
5.87 2.53 
6.953 2.27 
5.3'20 2,218 
5.47 2.128 
M38 2.23 

Ratlo of 
invert 

sugar to 
sncrose 

1.(),17 
1.517 
1.251 
1.320 
1.570 
1.3-JG 
1.517 
1.386 
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DJS CUSSJON OF RE SUL TS. 

A discussion of t he :figures presented, now follows. The discus-
sion will be by topi cs and very brief, with the sole purpose of brin-
ging out the salient fac ts 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 convenie nce in tl1e discussion the individual trees will be 
referred · to in this particular in stance by the letter designating the 
grove where the~, were located. 

DUXCA~. 19 16- 1917. 

Si ze.-See tables. Out of 53 samp les 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 between 
sizes ranging from 80 to 40. As -seen,' the sizes ranged mainly 
between 36's and 64's, the · most common being 46 ind 54. 

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

Weight.-The average weight per fruit fluctuated, naturally , as 
the sizes, although it differed even for fru its of the same size. Con-
trary to expectations, high er averages of weights per fruit wer e as-
sociated with lower contents of juice for the same size of frui t . 
Take , for instance, the samples of the trees on grove A, pick ed on 
October 23, November 3, and November 21, all of size 54. Their 
percentage of juice increased in the order mentioned, whil e the 
average weight per fruit decreased in . the same order , there being 
a differ ence of 102 grams per fruit between the first and last, in 
favor of the :first. Aga in in the samples picked from tree B on 
October 6, November 3, December 29 and J anuar y 18, all of average 
size 64, it may be noticed that the second sample , with a higher 
jui ce cont ent than the :first, shows a smaller weight per fruit, while 
the fourth samp le, with a lower juice cont ent than the third, sho1rn 
a high er weight per fruit. This in sp ite of the fact that the solids 
in juice are higher in the second sample than in the first and lower 
in the fourth sampl e than in the third. · 

In the samples picked from tree D, all of size 54, the :first sampl e, 
with the lowest juice content of all, shows the highest weight per 
fru it ·while the last with the highest jui ce content of all shows much 
lower weight per frui t than the first . The second and third samples, 
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with about the same juice content, exhibit very nearly the same weight 
pe1· 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 prac-
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 ·direction 
opposite to the juice content, independent of the solids in solution 
and of the ratio. 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 box, to obviate the differences 
clue to sizes, we find again that no definite tendency can be detected. 

Pe,· cent juice.-The general trend of the changes in juice content 
is toward an increase as the season advances. In some cases there 
may be a little fluctuation, but there is always a perceptible tenclenr,· 
to increase, 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 ·ta!iles 
Yo. 1-10.) 

In tree A, except for a slight break in the sixth sample. the 
figures shmr 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 
15.33 per cent more than the first, whieh is the lowest. The average 
juiee content of all the samples contains 6.08 per cent more juice 
than the first sample. 

There is some fluctuation shown b;y tree B, but the general tr{1rnl 
is upward, as shown by the faet that the average of all the samples 
comes up higher than the first hy 2.10 per cent. 

Tree D shows a practically continuous increase. The same is true 
of tree E. Trees G, I, aucl 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 clear!,· 
shown; however, the last three samples in thir-; tree are higher each 
than any of the preceecling ones. 

The table of averages shows the tenclenry 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 figures is high er than 
the first by 4.15 per c~nt. 

It may be sta t ed, then , that the per cent jui ce in creases as th e 
season advance s. 

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

Per cent skin.-No regularity can be detected in the variations 
of this factor. H owever, there is a slight tendency to increase as 
shown by the aver&ges of the differ ent trees. Th e ta ble of averages 
(No. 9), on the other hand , shows this item to be rather constani 
thr oughout the season. 

Thickness of slcin.-T he th ickn ess of the skin fluctuates between 
somewhat narrow limit s. The average for each individual tree is 
usually equal to the thickness shown by the first samp le, or slightly 
less. In general , then, it may be said that the thickness is rather 
consta nt , ten ding to a very slight diminut ion as the season advances. 

Pet· cent solids in juice.-Out of the eight trees tested the aver-
ages for the season wer e less tha n th e first figure in three instances, 
greater in three other instances and in the remaining 2 samples it 
was equal. Thi s makes the solids practically constant. However , 
in the tab le of averages of all trees for the season a slight tendency 
to incr ease is manifested both in the figures given for the succeedin g 
dates and in th e total average s (see tab le 9) . 

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

Per cent a-cid.-The per cent acid dimini shes very per ceptibl y 
as the season adva nces. In every tree considered the average for the 
season for the tr ee is lower than the conten t shown by the first 
sampl e analyzed. Npt only thi s, but with very few exception s all 
the figur es following ar e lower th an the first . In the tab le of aver-
ages ther e is a cont inu ed, uninterrupted falling down in the per-
centage of acid, the only exception being the very last figur e which 
is slightly · higher than the two previous ones. The average of all 
the figur es given for the different date s is also lower than th e first. 
There is no qitestion, then, that the pet·centage of acid decreases a-s 
the season advances. This shows that as Collison 1 found out in 
Florida , most of the acid, if not all , is fo1;med at the beginning of 
the season. 

Ratio of solids to acid.-As it was to be expected from what has 
been said in conn ection with total, solids and pet· cent acid, this J"atio 
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increases 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 solids to acid increases 
a-s the season advances. 

Of the eight trees tested, four made an average ratio 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. •rree 
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. 

Golo>'.-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 ranged in ratio from 5.6 to 9.7, and showed an aYer-
age ratio of 6.96. 

2. There were 8 samples marked "G. S. 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). 'l'he 
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) aud 
ranged from 6.2 to 7.8 in ratio. Their average ratio was 7.11. 

5. Seven samples were marked ccy. 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. S. 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 frnit here 
reported reached a ratio of 7 before they were perfeetly ripe. Only 
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the first lot of sample s noted, marked " G. Y. T." (gr een 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 ra tios 
lar ger than 7, going as high as 9.7, were obtained in indi vidu al 
samples. In all the oth er cases, in none of which was the fruit 
perfect ly yellow, and in most of which the green predominated, 
the average r at io was greater than 7, and ratios above 8 were reached 
in many instan ces. 

Per cent sugar .-Within the limit s of the ra tios exhibited by the 
samples examined , th e total sugars remained practically constant , 
with perhaps , a very slight tendency to increase. Thus, out of the 
eight t rees tested, the averag es for· the season for three of the tre es 
(see tab le 10) were lower than th e per cent shown by the first samp le 
analyzed, 4 trees showed- averages higher tha n 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 suga rs, for tree 
A, in which the ratio never reached 7. The hi ghest averag e was 
5.933 per cent total sugars for t ree G, in whi ch the averag e rat io 
was 7.58. If we arr ange the average ratios for the season for th e 
different trees in ascending order, and opposite them write 'Ohe 
per cent of tota l sugars , the fact will be revealed th at the to tf11 
sugars increase in a general way with the ratio , alt hough the varia -
t ion is not a r egular one. 

Tree 

A ... ..... .... .. .... . ... . ........ ....... ... ....... . ... .............. . .... . 
B ........ . .. . . ......... . .. .. ...... . ..... ....... . . . . .... . ......... ... ... . 
J ......... . . .... . . . ... ... .... . ............ . ........ . ... . .......... .. .... . 
0 ....... . ...... .. .. ....... . .......... .. . .... . ..... . .... . .... . .. .. . ...... . 
E ... . .... . . ... ....... ........ : . . ........ . ..... .. ......... .... . .......... . 
N . . . . . .. . .... . ... . .. .. .... . . . ... ._ .... . ....... . ...... .... . .. ........... . 
G ......... . ........ . ............ . ... . ......... .. . . . .... . ........ . .. . .. . . . 
!. .... . ......... . . . ........ . ............. ... ......... .... . ... .. .... . ... . . . 

Ratio Total sugars 

6.460 4 .54 per cen t 
6.757 5.21 percent 
6. 776 6.47 per cent 
6.896 5.32 pe r cent 
7 .180 5.87 per cen t 
7.390 5.438 per cent 
7.678 5.953 ' per ce nt 
7 .686 5.320 per cent 

However, it may be noticed that the increase is continuou s until 
a rat io approaching 7 is reached, when the fluctuations begin . This 
shows that the differences noti ced among the vari ous samples having 
a ratio of 7 (more or less) aJ.·e due to individu al tr ee variations , and 
that th e formation of sugar ceases or proceeds at a very slow ra te 
when this ra tio 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 £or 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 sucrm;;e 
thus: 

Ratio 
solids to ncld Inl'ertsngnr Sucrose 

6.45 2.86 1.60 
G.W 3.M 2.M 
6, 77 3.23 2.13 
6.l)fl 2.89 2.31 

Rntio invert 
sugar to sncro'!e 

1. 787 
1.517 

.......... ;:~: ...................... :::; .......... 1 ········· .. :::: ....... , .. :.··· ..... . 

7.67 3.56 2.27 I 
7.68 :UJS 

1 
2.21 

1.517 
1.251 
1.320 
1.3Si:i° ..... 
1.570 
1.340 

It may be noticed that the sucrose 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 £or invert sugar, 3.21 per cent, is higher 
than the average for the first five figures, 3.08 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 increase until a ratio of 7 is reached, the conclusion ma:~ 
be draWn that after a ratio of 7 obtains, inversion of the sucrose 
and decomposition of invert sugar begin. This is figain a Yer;r 
strong argument in favor of considering a ratio of 7 as indicating 
maturity of the fruit. 

Summarizing the aboYe comments1 we have that the Duncan 
grapefruit analyzed from September, 1916, to February, 1917, 
showed the following characteristics: 

1. The size of the fruit was very near 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. Ther e were not great variations in the juice content among 
the differ ent tre es, all fluctuating betweeri 42.26 per cent and 45.74 
per cent , ~ith the exception of one tree, which had only 38.88 per 
cent. The juice increas ed, but to a very small ext ent, the range 
among the averages for different dates being 39.42 per cent to 45.15 
per cent , the average £or all the trees £or th e season (see tabl e 9) 
being 43.57 per cent . 

4. The solids contained in solu tion by the jui ce ranged among 
the trees compared between 8.05 and 9.37. The solids wer e pr acti-
cally constant for a given tr ee, with a very slight increa se as the 
season advan ced. The average £or th e whole season, for all the 
t rees, was 8.7 per cent . 

5. The acid decreased steadi ly and visibly all along the season , 
the rang e being -from 1.36 to 1.15 (see table 9) , and the averag e for 
the whole season 1.203. The variat ion 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 tr ees, 
A, B, 0 , and J,· and more than 7 in the other four . It incr eased 
steadily all through th e season, going up to 8 on December 29th. 
The average for all tr ees for tpe season was 7.23. All of the tr ees, 
except tr ee A, r eached a ratio of 7 during the course of the season 
between the extreme dates of October 5th and December 29th. The 
highe st ratio reached by 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 obtain ed. 
From this point on the sucrose suffered inversion, and no constant 
increase in tota l sugars could be noticed . The invert sugar increased 
continua lly . The averages £or the season were 5.258 for tota l sugars, 
3.045 £or invert sugars, and 2.102 for sucrose. There was not much 
variation among the individual trees ( see table 9), the tota l sugars 
specially s~owing uniformity . The inversion of sucrose after a 
rat io of solids to ac id of 7 is obtained, is unmistakebly shown. 

8. The per cent skin and the thickn ess of skin changed in a 
very irr egular 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 sucros e 
content in every case .. 



NA'rURAL CHANGES. 33 

All of the above observations point strongly to the conclusion 
that the juice of Duncan grapefruits contains a 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. 

:\L\RSH'S SF.EDLJ!:S~, SK\SOX HllG-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. 

Analyses of Fruit (Marsh's Seedless) from Test Tree, Grove :B, Vega Alta . 
., ., ...... ., .. "' ;; 0 G) ... .s .. ...,:,. C 0 ... "" Date picked I to.a .. Co lor ..?4-o G) .a .. .,., .,., 'OE 

o.,_ ..... .... ... ., c.>~.9 oc <>u <:le, c<:><> .. d ... _ __,, 
4) .. .,., "'" :ci'-Cl ... .. - =o C)Q 

.,_ 
.. :> ~"' .. _ .,:> ., oo 

<"' E; 0- i "' ~c!::.c p..·~ ~--..:~ ~., ... ::tu, .... - - -- - -- -- - -- - -- -- - - -- - --
October 2S .... . . ............ 439 54 Y. S. G . '.l' ... . . 9132 28.07 23,706 48. 35 7.8 1.16 6.7 2.44 
Novem b er 21 . ............. . .. . . . 440 63 G. Y . . .. . . ..... 5/ 16 23.14 27,720 51.50 7.6 1.05 7.2 2.69 
Dece mber 29 . . .................. 733 46 Y. G. '.l' . .. . .... . 6116 26.13 33,718 45.45 8.0 1.00 8.0 2.93 
January 18 . . . ... .............. 508 54 Y. S. G. •r ..... 9/32 18.03 27,432 46.93 9.7 l. S8 7.0 3.50 -- - --- --- - -- ---- --- --- --- --- - - -

Averages for the sea son .... . . 530 54 19/64 24.31 28,894 48.06 8.27 1.147 7.21 2.89 

------ -- --
TABLE 12. 

Analyses of Fru it (Marsh ' s Seedle ss) fro m Test Tre e, Grove L , Rio Piedras. 

Da te picked 
., .. 
to.a 
"'to ... _ .,.,, 

g:, 
a: • .. ., 
"'" .. _ 
< "' 

Colo r 

Ill ., c .a 
"- <) -"'.!4::t u.,_ -..... t; 0 -

Q 
G) 
<>c .. -.,,.,. 
o.."' 

..... o., 
.>,:,. .a .. ~-a~ ;t!::.o 

... 
C 
~G) 

.. !:? 
"'" o...·~ 

.s .,., 
""<) :::·a ~-- " ,c'5 

130 
<j-

.... "" o .,_ 
o<:>o 
,z:::: = °' 0 0 ~"'-

I ..... ... d 
"'to .. :> 
C"' ,-, 

.. ..... to ... :,., ., .. 
-c .,_ ... ., 
~" ---
4.40 
4.65 
5.14 
5.81 ---
4.983 

.. .... .... 
OG> .,,.. -= ,._ -., o ., 
E; 

.. 
" to ::, 
"' G) 
C 

" u ---
1.84 
1.84 
2.09 
2.19 ---
1.99 

.. .. .. :> 
"' G) = .. u 

.. ., 
"'"' 'ODO 

.9 ti 
o .. :> 

':j! J.tl'I} 
.. .,o ..... 

---
l. S26 
1.462 
1.402 
1.698 ---
1.452 

..., 
d v, ' too C Ok 

- ., t> 
o-:> '.0-...,u, 
.,., 0 ...... 

----------- - - -1 -- -1 -- -1 1- - - 1--- 1-- - -1-- -1 - --1---1 --- 1- - - •-- - 1- - - 1-- -
Oc to be r 
Oct ob e r 
November 
Novembe r 
December 
J anuary 
February 

3 ·•···· ... . ......... . 
20 ................... . 
14 ................... . 
21 .................. .. 
20 .. . ............... . . 
24 ............... . .. .. 
24 .... . ..... . ... . .... . 

Averages for the season .. . .. . 

499 
471 
446 
468 
445 
658 
634 

483 

36 G. Y . T .... . . .. 
54 G.S . Y.T .... . 
54 G. S . Y. T .... . 
54 G.S.Y . '.l' .... . 
56 G. Y.T . .. .... .. 
54 Y. G. '1' ..... : ... 
56 Y.S.G. 'l' .... .. 

52 

3/8 
318 
818 
9/32 

1/4 
1/4 

33.23 
S0.30 
Sl.21 
25 08 
28.03 
29 85 
29.14 

10132 I 29.64 

17,964 
25 434 
24,084 
25,272 
24,920 
30. 132 
29,90-1 

48.99 
46.91 
46.16 
48.59 
53.13 
46.41 
49.90 

25,387 I 47.71 

7.4 
7.6 
7.3 
7.1 
7.S 
6.9 
7.2 

1.25 
1.16 
1.10 
1.00 
1.00 

.93 

.96 

7.24 I 1.054 

5.9 
M 
6.6 
7.1 
7.S 
7.4 
7.6 

2.69 
2.44 
S.67 
2.69 
3.10 
2.69 
2.93 

4.65 
4.16 
4.16 
4.05 
4.40 
4.16 
3.91 

1.84 
1.60 
0.37 
1.84 
1.18 
1.35 

.86 

6.86 I 2.887 I 4.245 I 1.291 

1.462 
1.525 
~.918 
1.462 
2.627 
1.992 
3.406 

2.236 

NOTE.-In working with the fruit a system of noti ng the comparative amounts of coloring was devised. I n the charts letters 
are used to represen t the se as follows: G., green; Y., yellow; T., t:inge; S., slight; B., bri ght; Q., quit e. Various Combinat ion• 
a.re employed. 
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Analyses of Fruit (Marsh's Seedless) from Test Tree, Gi·ove M. 

Date picked 
O" 

"'" ~i !: e: 

September 22 . . . . . . . .. . .• . . . • . . • . 616 
October 6 .. . •• .. .. • .. •• • . • ... 500 
October 23 ......... ., •• ., • ., .. 441 
November 3 ......... ., • .. .. .. .. 466 
Novembrr 21 ........ .... ..... ... 458 
Decembor a .... ..... ... ........ Gl2 
December 29 ... , .. .. .. .. . . .. .. . 537 
January 18 . .. • • • . . . . .. . . . .. . • 475 
Marc ti 9 • .. . . .. . .. .. . . . . .. . 561 
l"ebruary 9 . • .. .. •• • .. • .. • .. • .. 493 

Averages for the see.sou.,,... 5tG.3 

• a' "• •• >·-.,,. 

" 46 

" 54 
54 

" 54 
5.j 
46 ,., 

--62 

Coi'or 

Y G. 1' ....... . 
G. Y. '1' ...... .. 
G.Y.1' ....... . 
G. S. Y. 1' .... . 
G. S. Y. '1' ... .. 
G. S. Y. '!' ...•. 
Y. G ........... . ~-~-q. :1; .... . 
Y.S.G.I ... .. 
Y. G. '1' ...... .. 

. . . . 
0 •" A . .,c.> 

,!aj,.:,:::I ··--;:: .... ::I 
~o-

§ 
•c :v;;:; " . 

'o 
- 0. 
~M -oo ;.:::.o 

-• •• •• ~= ,r 
" .. ~B ~-... 

:a 
,,b 
"t:'8 .,,-

0 ,,,'.;:! 
o,,o :::::::.: 
000 ~·"..., 

-. "• . ., 
>o .'l• 

" 
00 
•> -· ·--. Oo e< 

" • "' ,: 
• 

•• •• . e,o •o• ;=g -·· -•o ;a.-. ... ___ , ____ , ___ , ___ , ___ , ___ , ___ , ___ , ___ . __ _ 
7/16 
7116 

17/32 
16/32 
H18 
3/8 
112 
112 
5116 

~' 
29/64 

,.U,72 
3-1.85 
37.!:12 
32..!J 
3-1.M 
38.11 
:l5.GG 
35.08 
32.27 
33.10 
a5:51 

TABLE 14-. 

22,176 32.04 
23,000 38.45 
28,224 36.92 
25,lul 38.62 
2·1,732 40.25 
28,152 42.18 
28,9~8 41.8G 
25,650 42A5 
25,806 46,52 
31,552 46.!.!7 

~3-15 •10.62 

8.1 1.00 8.1 3.50 5.63 I 2.01 l.7·ll 
8.2 1.38 5.9 2.69 6.14 2.33 1.111 
7.8 1.40 5.6 2.69 4.40 1.59 1.691 
7.8 1.2,1 G 8 2A4 4.10 1.60 1.525 
7.9 1.22 6.5 3.10 4,89 I 1.67 1.856 
7.8 1.10 7.1 2.69 •1.89 2.08 1.293 
7.5 l.10 6.8 2.93 5.1·1 2.09 1.401 
7.5 1.10 G.8 3.50 4.40 .78 4,(87 
7.1 · .95 7.6 2.93 UG Ul 2,639 
7.6 1.06 7.2 3.67 5.H 1.35 2.718 

'"'T.155 o]g 8.01T 4.76811.661 

Analyses of Fruit (Marsh's Seedless) from Test Tree, Grove N. 

Dalo picked i:-. .,,, 
Iv.;; !i 

1i oe 
~:;;; ". 

. . . . 
~.s-5 

"" d ··--~. 
~0-1 

SEASON 1916-1917. 

Color 
0 

" • "• •• i,.:.. .,, . " •• 
•• "·~ 

·" •• ;gB 
~·-. 

0 
-oE ·s-a -,,-

0,,,:5! 
0<' 0 
::::::: d 
ooo "'·-

"" "• . " >o 

" ·-"'" •• ., -· •·· -. "' ,: 'o _,,_ ii i:.oo a .... g .... 
:§t:~8 

--1 1 ___ • ___ • ___ _ 

G. Y. T., ....... 1 46 45.28 

a• ,'.;. 
0 • • 0 

d <l.) d :::l ~~i:.,..,· 
~-'!::,., 
'e:::lo 
~t!:.o --- , ___ , ___ , ___ , ___ , ____ , __ _ 

October 6 •• . • .. .. .. .. . .. .. • .. 525 26,11 1/4 
October 23 ...... .............. 487 27.62 lrl 
November 3 .................... 371 :!8.Si 3zl 
November 21 ........•......... ,, 511 25,10 9J32 
December 8 .. • .. .. . .. .. . .. • ... . 662 20.00 5116 
December 29 ... , .... , .• , ... , . , • , 4'11 2·1.Gl 5zl6 
Jo.nmiry 18 ... .. ...... ... .. .... 287 2.1.05 7z82 

.lvere.ga! for tbe !en!lon ...••. 26.621 21764 

G. Y. T......... Gel 45.60 
G.S.Y.'f ..... 60 ,JOA!) 
G. S. Y. T. .... 54 47.53 
G. Y. .......... 5i 43.20 
Y. G. .. .... .... G·f 46.15 
Y. S. G. T. .... i2 47.75 -,-,-! 45.14 

7.!J 0.85 9.4 2.93 5.U 1.99 U73 24,130 
8.5 1.19 7,1 ....................... , .......... 31,168 
9.G 1.27 7.5 2.93 5.87 2.82 1.089 22,260 
8.5 LOO 8.5 3.91 5.03 1.60 2.413 29,214 
9.0 1.15 7.9 2.69 4.89 2.08 1.293 80,818 
9.0 1.15 7.8 3.50 5.38 1.76 1.988 28,224 
8.5 1.03 8.2 uo 6.11 159 2. 767 20,664 
8.7 1.091 7.97 3.373 5 ·148 1.973 1.709 31,001 

I 
! 
fl' 

"' ca 



TABLE 15. 
Showing Biw eekly Analyses of Fru it Picked from Different Groves, B. L. M. N. 1 

SEASON 1916-1 917) MARSH'S SEEDLESS . 

;;; 

\ 

;;; "' - - '- "" "" ., .,_ ;. -~B~ ~-= ., Weight per 
" a., " Oen~ -.. " "" Date picked ., .,., ' .,,,, ., 

0'0" "' .... .!.:';_!4 "' box in 
"<=I ""' .. d _,, o_., 

" " " ·- :;:::: I;:! .,.., ., 
""" ._.s:;1 ""' .... ., March 

i...~ .. - .... - t "E 0,0 0 "" " o" "'"'"' ~o .... 
"'" .,o d ~--<~ ~ "' "-<'~ """' ""d C,:"'- ""' Q ~ 00 > C) <"' .... -- - --- --- --- - - - --- -- - - -- - -- -- - ---

September 22 ..................... ........... 616 32.0 4 4l.72 8.10 1.100 8.10 6.50 2.01 5. 63 1.741 7/16 36 22,1 76 Grm. 
Octobe r 3- 6 508 31.39 42.57 7.83 1.273 6.15 2.77 2.08 ·I 97 l.3 31 111s2 43 21,84•1 " 
October 20-2s::::: : ::::: :: : :: : ·:: : : : : : : : ::: :: 469.5 31.30 42.95 7.90 1.225 6.74 2.52 l.-18 4.32 1.702 12/32 59 27,110 .. 
November 3-14 . ............................... 427.6 30.84 41.82 8.23 1.200 6.86 3.01 1.60 4.73 · 1.881 12/32 56 23,945 " 
November 21 476.7 27.44 49.35 7.83 1.067 7.33 S.20 U,7 •l. 39 2.038 10/32 56 26,695 " 
December 8 ··· ··· ·· ·· ·· ·· ···· ····· ··· ······ 587 34.05 42.69 8.40 l ,125 7.46 2.59 2.08 4.89 1.293 11/32 50 29,350 ., 
December 20-20: :: : :: : : :: : : ·: ::: : :: : : ::: : : : ::: : 539 33.81 45.5 1 7.90 1062 7.43 2.96 1.95 5.08 1.518 12/32 56 29,645 ., 
Janua ry 18-24 .......... .... ... ... ... .. . .... .. 457 26.75 45.88 8.15 1.110 7.24 S.64 1.60 5.12 Ul2 10/32 59 26,963 .. 
February 9 493 33.10 46.97 7.60 l. 060 7.17 3.67 1.35 5.14 2.718 5/8 64 31,552 " ················ ·· ··········· ·· · February 24 ................................ 534 29.14 49.90 7.20 0.950 7 507 2.93 0.86 3.91 1.407 114 56 29,00.l 

Averages ofe.11 the trees for se a.son ...... . 509.78 30.98 44,94 l.ll7 3079 1.658 4.825 1.857 22732 - - 53- 26,514 

T ABLE 16. 
Showing Mean Composition of Frui t for Each Tr ee for the Season. 

Grove 

t : :••:::••: : :: I 

M ARSll'S SEEDLES S (1 916-1917 ) . 

Aver age I weight in 
grams 

per fruit 

530 
483 
516.3 
459 

"' ., ., 
I"' .. ., Cl ~ 'i, "" i=i-c3 " ,.!d..!l:j = ~.9 .... ., .;?C:·-.... .... .,. ... _ .::,o <=I <"' 8 - t"' 

-- 54-. 
52 571511 29.5 4 
52 14732" 85.57 
59 10/3 2" I 26.62 

~;. , I la , - 1~,,, a .,.. C) Ou,- ..._.'-

~1! :S.~ ,g:g I e ~- .. a ~::, 0;... 
:::C..oen ~.:; ~;; <~ 

'" al ,,.~ 
:, .... 
"'~ -a f·~ 

;;; 
00 

., 
a 
d 

Q 

Ci-. Q) 
- d., ""o o=>'" "'" 0....:, = 
~i..,00 
.,., 0 

--~ ,-- --- -,-- -,---1- --1 ------ -~-
28,894 1 48.06 I 8.27 I 1.147 I 7.21 t 2.890 I 4.983

1
1.990 1.452 25.387 47.73 7.24 1.054 6.86 2.88 7 <1.245 1.291 2.t36 

~6.345 4~.62 1.n 1.155 6.69 3.011 1·758 I 1.661 1.812 
3l.OOI • ·lo. H 8.7 J.091 7.91 [ 3.373 o.448 1.973 1.709 

1 On each of the elates noted, 12 fruits were pi cked from each tt:ee, an d ea ch sample wns sepa.rntcly ana lyzed. 'l'he res ults of cnch. scl o{ four 
sample s were then ave1·a.ged 1 and the a-,•erages obtaieud are ta.bula.ted below . 
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l>JSC{'$Sl0N OF Rl•:SlTJJJ'S OBTAINED ,~rrn )IARSJ!'S SEEDLESS 
(lDJG-17). 

Weight and size.-T,·ee B. 'rhe tendency 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 lo,ver Juice content. This confirms observations made on Duncan 
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 111.-A slight tendency to increase in weight as shown by 

the weight per box. Compare the samples picked on November 3rd, 
November 21st, 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 fruits 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 October 23rd. with that picked on December 29th, of size 
No. 64. 

The table of averages shows an increase in weight per box as 
the season advances, but fails to support the assumption that highc·r 
weights per fruit a.re associated with lower juice contents. 

The Marsh's Seedless, then, shows a tendency to increase 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. 

Pei· cent j1dce.-The tendency is to increase in fruits that have 
not reached yet a ratio of 7, as instanced by tree L. The first thl'ee 
samples picked from this tree averaged a ratio of solids to acid of 
6.33 and their average ,juice content was 45.35 per cent. The last 
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four samples had all r atios larg er 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-
spond ing increase in jui ce. After the ratio of 7 is attained, the in-
cr ease is not so regular , and the variat ions show considerable fluc-
tuations, although the range is rather upward than downward. 

The table of averages of all the trees through the whole season 
supp ort 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 averag e 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 ju ice 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 rea ched. Beyond thi s 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. 

PM· cent ski-n.-The skin decreases fairly steadily until a ratio 
of 7 is r eached. Ther eafter considerable fluctuation is noti ced. 
With few exception s the higher percentages of skin correspond with 
lower ratios. In tree B the first sample picked with a ratio of 6 
had th e highest percentage of skin, 28.07. Among the re st of tlH 
samples, all with ratios above 7, fluctuations occurred. 

In tree L, the first three samples show ratio s below 7, ranginf 
from 5.9 to 6.6 with an average of 6.33, and their content of skir 
range s from 33.23 per cent to 30.30 per cent with a.n average oi 
31.58 per cent. The succeeding samples have ratios ranging ~rorr 
7.1 to 7.6 with an average of 7.35, and their per centages of ski 1 
fluctuate between 25.08 and 29.85 with an average of 28.02. 

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

Rntio of solids Per cent 
to neids. skin. 5 .6 _________________________________________________ 37.92 

6.0- -- -- -------- --- ---- - -- ----- --- --- -- ----- - ---- --- 34.85 
6.3 --- , -------- - ------ - --------- - -- --- ----- - -- - -- --- 39.44 
6.5 ___________________________ - -- ------- -- -- -- --- -- 34.54 
6.8 _________________________________________________ 35. 66 
6.8 _________________________________________________ 35. 08 
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Rntios, Per cent skin. 7.] _________________________________________________ 38.17 

i, ~------------------------------------------------- 33.10 
7.5 _________________________________________________ 32.27 
s. ] _________________________________________________ 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 35.69 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 
sc>ason, and arranging as before, the average ratios in an ascend-
ing order with the corresponding percentages of skin opposite, 
we get: 

.\\·C'rllge r11tio of .h•i•rai::-t· per 
solidf. to ac·id. cent skin. 

(i. l i'j_ -- _ -- _ --- -- --- _ -- --- _ ·-- -- ---- ------ ---- ------- 31. 39 
(i. 7-L _____ ---- --------- ____ ---- ___ ---- -------------- 31. 30 
G.SG ________________________________________________ 30.84 
7.i7 ________________________________________________ 33.10 
7. :l'l ___ ------- --- --- ___ -- -- --- .. -- ------------------ 27. 44 
7. 14 ________________________________________________ 26.75 
7. 30 ________________________________________________ 32.04 
7.43 ________________________________________________ 33.81 
7. ·1(L ----- ----- - __________ - - - - _ ---- ------ ____ ---- ___ 3·L 05 
7.507 _______________________________________________ 29. 14 

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 showi11g a decrease as the ratio 
inerern:;ed to 7. 

The percentage skin, then, though within rather narrow limit,s 
and in an irregular fashion, suffers a decline as the ratio of the 
fruit approaches 7. 

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. 

T1nw, in tree L the thickness for the first three samples averaged 
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%", while the thicknesses that follow, for fruits with ratios greater 
· than 7, do not go beyond 9/ 32" and average approximately :!4". 

In tree M the samples with ratios below 7 average a thickness of 
15/ 32" while those with ratios above 7 average 14/3 2". 

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 th e 
season ( table No. 15), we find that the average of all the averages 
given for fruit with ratios lower than 7 is over 14/3 2", while the 
average . of all averages given for fruit with ratio s higher than 7 
is less than 12/ 32". Thet·e is, then, a tendency 01i the part of the 
skin to dinvi1vish in thickness as the ratios increase, which is chiefiy 
noti ce,(J]ble befor e th e fniit obtains a ratio of 7. 

Per cent solids in jnice.-The solids for thi s fruit during this 
season may be considered as practi cally constant . In tree B an in-
crease may be noti ced, and so also in tree N, although to a lesser 
extent . Tre e M, on the other hand, as well as the table of averages, 
shows a diminution, while in tree L th is 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 tr ee B, and the averag e of all the trees was 7.91. 
Among the averages of all trees for different dates, the l9west 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 las t three samples, 1.143 being 16wer than the first 
figure, and so also the general average. 

In tree L the decline in acid content takes place afte r 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 1:atio . 

. This close corr espondency between decrease in acid and increase 
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in ratio is very strikingly shO'in1, not only here but also by trees 
Mand N. 

1'hus, arranging the ratios in their ascending or.der and writing 
op-posite each their corresponding acid contents, we )iave: 

TREE :i\l. 
Ratio. .\!.'id per t"(•nt. 
5.6-------------------------- 1.40 
6. 0-------------------------- 1. 3S 6.3 __________________________ 1.24 
6. 5 __________________________ ]. 22 
6.8 __________________________ 1.10 
6.8 __________________________ 1. 10 
7. )_ _________________________ 1. 10 
7. 5 __________________________ 0. 9:5 
8. )_ _______________________ -- 1. 00 

TREE K. 
Hatiu. a\.eid per C('Jlt. 7. , __________________________ 1. ]0 
·/. 5 __________________________ 1. 27 
7. s __________________________ 1. 15 
7. () __________________________ 1. 15 
s. 9 __________________________ 1.03 
8. 5 __________________________ 1. 00 
f'l. 4 __________________________ o. 85 

Turning 110\Y to the table of averages we find similar conditions 
established although fluctuations are more noticeable here. Arrang-
ing as before : 

Rnf.ios. Prr ('ent n<'icl. 6. 15 ________________________________________________ 1.273 
6.74 ________________________________________________ 1.220 
G.86 ________________________________________________ 1.200 
7. 17 ________________________________________________ 1.060 
7.33 ________________________________________________ 1.067 
7.34 ________________________________________________ 1. 110 
7.36 ________________________________________________ 1. 100 
7.43 ________________________________________________ ].06q 
7.46 __________________________ ·--------------------- 1. ]25 
7.507 _______________________________________________ 0.950 

The decrea_se 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. 

raking 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 soMds to acids.-This ratio undoubtedly increases con-
tinuously until the ratio of 7 is fully established. Thereafter it con-
tinues to increase. hut rather slowly, and with some fluctuations. It 
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should be noticed that thi s 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. 

Tr ee B reached a ratio of 7 for the first time on November 21st, 
after which a ;·atio of 8 and one of 7 occurred in the two succeedin g 
samples. 

In tree L there is noti ced a steady increa se in the ra tio, 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 th an 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 ra tio does not fall below 7 again . It must be observed 
that for the thre e samples, corre sponding to December 8th, December 
29th, and January 18th , the p er cent acid (of 1.10) is the same. 
The ra t ios are all so near 7 that for all pr actical purpo ses they might 
be taken, as 7. As to the first rat io, of 8.1, it clearly indicate s that 
the fruit composing that sample must have been from an earlier 
bloom. Thi s 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 immediat ely following wer e green , with only a tinge of 
yellow, and also its content of invert sugar and of sucro se, which 
ar e higl1er and lower resp ectively than those following. This sample, 
then, in all fairness, should not be compar ed with th e rest of the 
table. 

In t ree N a ra t io of more than 7 is established from the begin-
ni ng, October 6th, and considerable fluctuation occurs : 

Turnin g to the averag e of all th e trees on different date.c;. (see 
table J 5), and discarding the figur e for September 22nd , as thi s is 
the ra tio of the first sample of tree M just describ ed (no other sam-
ple appears to have been picked on this date) , we obtain a continued, 
unint errupt ed in crease in rat ios, from 6.5 on October 3rd- 6th up 
to 7.33 on November 21st. H ereafter all ratio s show more than 
7, but the incr ease is very slight and some fluctua tion is noti ced. 

Color.- Again we find the green predominating, in spite of the 
fruit having 1·eached a ratio of 7. It is only well toward s the end 
of th e season that the yellow becomes more promine nt than the green. 
This again emphas izes the fact tha t grapefruit her e does come up 

, to a ratio of 7 early enough in its maturation period -to ju st ify the 
application of the standard to Porto Rico fru it. Usually the fruit 
which is quite near the neighborhood of 7 in rat io shows up more 
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green color than yellow, and when the yellow color predominates 
the ratio is gene1·ally in the neighborhood of 8. 

This supports the view that the fruit comes to maturity when 
it has reached a ratio between 7 and 8, which is perhaps nearer S 
than 7. However, in the :i\'.Iarsh 's Seedless maturity seems to come 
earlier than in the Duncan, judging from the fact that all signs of 
maturity, including color, appear earlier. 

The lowest ratio of solids to acid (average of all trees) was 6.15 
and occurred on October 3rd-6th, the highest was 7.507, which or-
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, hut 
the ratios as a whole did not increase much beyond this point. 

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

Ratio Totnl sugn.rs Invert sngn.rs Cane sugnrs 
Per cent Per cent Per cent 

---------------- --~---1-----1------
6.15 ................................................. . 4.!17 2.77 2,08 
6. 7•1 .................. .. , , ...... , , , ... , .... ,., ....... . 4.32 2.52 1.48 
6.86.,., ... ............ , . , , ......... , ...... , , ....... , . 4.73 3.01 1.(30 

-(4-:175) (2.766) (1.72) 
7.17.................................................. 5.1-1 3.67 1.35 
7.33.................................................. 4,39 3.20 1.57 
7.34......................................... ........ 5.12 il.54 1.60 
7.43.................................................. 5.08 2.9G 1,95 
7 .•16 .......... ,. , ........ , ........................ , . . 4. $9 2.59 2.08 
, .507..... . . . . . .. . . . . .. . . . . . . .. . .. . . .. . . . . . . . . . . . . . . .. ---'~· ':,,,'-i---,c'~· '-'-1 ____ o~·="= 

: (4.iSl) (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 ahov0 7. The figures in parenthesis are averages. 

The averages for total sugars have been calculated from those 
for invert sugar and sucrose. 

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

The difference between the averages for total sugars is 0.156 per 
cent. Tl1e difference between the averages of invert sugar is 0.:115 
per cent. Calculating the averages for cane sugar to their invert 
sugar equivalents we have 1.72 cane sugar equivalent to 1.809 inwrt 
sng.ar, and 1.586 cane sugar equivalent to 1.650 invert sugar. '!'he 
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difference between these two invert sugar equivalents is 0.159. That 
is the cane sugar inver ted is equivalen t 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 inver sion of sucrose. 

The ' difference between the total in crease in invert sugar, and 
the increase due to sucrose inversion ought to approximate the in-
crease in tota~ sugars. In th is insta nce they are identical. . Thu s, 
the above r eferre d 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 inver sion of sucros e when th e ra tio 
of 7 is reached. Thi s proves that the Marsh' s Seedless r each matur-
ity when a ratio of 7 is pr esent. This makes the Marsh 's Seedless 
r each maturity with a little lower ratio than the Dun cans. 

Summarizing the. results obtained for Marsh's Seedless for this 
season we hav e : 

l. The weight per fruit is rather constant for the ratio s and sizes 
ex-amin ed. Among the trees the average weights varied between, 
459 and 530, the average of all being 509.78 grams. The avera ge 
sizes vari ed among the trees from 52 to 59 th e average of all being 
53. The averag e weight per box was 26.914 kgm~., and showed 
a marked increas e throu ghout the season. The trees varied among 
themselves from 25.387 to 31.001 kgms. per box. 

2. The per cent skin w,as rath er constan t and high , the averag e 
of all tree s for th e season being 30.98 per cent. Ther e was no uni-
formity among tr ees, the skin content varying from 24.31 per cent , 
the average for tree B to 35.57, the average for tree M. 

3. A fair percentag e of juic e 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 p ei· cent ( tr ee M) to 48.05 p er cent ( tree B). 
Toward the latter part of the season the fruit conta ined more juice 
than at the beginning , a notable increase being evident after Novem-
ber 21st. 

4. The solids in solution a.r e rath er low, the average of all tr ees 
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 considerat ion. 

5. The per cent acid showed a perceptible decline. The average 
for all the trees for the season was 1.117. The individual trees 
rang ed 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 increasea, but at a slO'iv rate. rrhe 
rate of increase in this instance is considerably lower than in the 
Duncan fruit, and. the ratios obtained lower also. 'l'he ratio of solids 
to acid of aII trees for the season was 7.08 as against 7.23 for the 
Duncan. 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 Dunca11s1 behn:>en November 3rd and 21st. The 
an•rages foi· the incfrddual trees ranged hehYeen 6.69 and 7.91. 

7. The total sugars, as welI as the invert sugar were higher toward 
the latter part of the season, after November 2Ii,t. rrhe sucrOSC' \\·as 
lmrer to,,·ard the end of the season. 'l'he averages were 4.825 total 
sugars, 3.079 invert sugar, and 1.658 sucrose. This gives the i\Iarsh 's 
Seedless a little less sugars than the Duncans. rrhe ratio of invert 
sugar to sucrose is much higher for the i\Iarsh'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 agre('-
ment in regard to these items as may be seen from table No. 16. 

In substance-
1. The :\farsh\~ Seedless fruit juice also contained during this 

season solids in solution in a proportion which was at least srv('n 
times the proportion of acid it contained at maturity. 

2. This proportion of solids to acids came about some time dnring-
the latter part of November. 

3. The changes undergone b,, this fruit were pretty nearl,- of 
the same nature as those undergone by the Duncan. only they 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 {he in-
version of sucrose occur~ after this ratio obtains, point to this ratio 
as nrnrking the point of maturity of the fruit. 

'FRTlT.\fPTI GRAPRFRUIT, SEASON 19Hi-Hll7. 

INDIVIDUAL TREE RECORDS. 

Only t\Yo trees, located in two different g-roves. A and K, were 
used for this series of tests. 

Below ar(' given two tables showing the romposition of thr hiwrrkl)' 
samples picked from each tree: 
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TABLES SHOWING BIWEEKL Y ANA LYSES - FRUITS FROM TWO DIFFERENT GROVES. 

Da te picked 

TABLE 17. 

Ana lyses of Fruit (Triumph), Test Tree, Grove A, Pue bl o Vi ejo. 
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T ABL E 18. 
Analyses of F ruit (Triumph), Test Tree, Grove K, P ueblo Viej o. 
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By averaging the results obtained for the samples picked on tl1e 
same date, the following table to show the mean composition of the 
fruit on succeeding dates was constructed: 

TABLE 19. 
Showing Biweekly Analyses of Grapefruit from Two Different Groves. 

TRIUMPH, SEASON 1916-1917 • 
. ----

" • " ·- ;, " - . " il.s;; "~ "· a o..,::? -· a: " Date picked • •• .,,, .. •a •o ·- .,, o"' o "• 0 -· o-• :;:;::::..i . " E gi ... ::;:;; ·- .- ~<) ~/;; 
a !i if.• ·" oO ooo • o. :P,c.> '-<'- '-<" '"0 "·- " " -- --- --- -- --

September 22 ... 332. 31.35 24.46 9.8 1.08 9.0 7.18 0.725 
October 5-6 .•. ,12!1. 82.41 28.87 9.6 1.04 9.2 2.44 3.9:: 6.568 0.620 
October 23 ... 34.0. 30.88 Sl.31 9,.15 0.90 !l.5 3.18 3.19 6.639 1.000 
No,·ember 3.,, 3!H.5 26A7 38.92 10.10 0.92 10.9 2.81 3.54 6.5!17 0.790 
November 21 ... 324.6 23.6·1 85.!l8 10.1 0.91 11.1 3,ii8 2.39 6.000 1.600 
December 8 .•• ·100. 28.29 36.57 98 0.85 11.15 2.77 3.95 6.929 0.700 
December 29 .•. 388.5 25.39 31.i.84 10.3 0.73 14.l 3.42 2.Sl 6,379 1210 
Jnnnnry 18 .•• 405.0 82 57 35.12 10.2 0.76 13.4 3.50 2 85 6.500 um 
1rebruary 19 ... 491. 30.93 20.6G 9.G 0.70 13.57 3.50 2.U 6.385 1.27 ------Average for the I 

seasson., .. ,., ·187.16 29.10 32.41 9.872 0.8$7 ll.12 S.125 I 8.27 6,568 0,9556 

-
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: 

TABLE 20. 
Showing Mean Composition of Fruit for Each Tree for the Season. 

'I'RIUMPH, SEASON 1910-1917. 

GrO\·e 
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1
---15-3·!--6,i 28.38 1J4 33.96 29.35619.25 OJl67 10.79 i 2.8,17 5.800 2.807 1.0H 

K ..... , .. , •. , 320 97 29.13 15J6·l 32.21 30,993 10.58 0.017 11 531 8.258 6.89,i 3.'157 0.942 

SEASONAL CHANGES, 1916-1017. 

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 increa se in weight 
per fruit is noticed . from October 2~rd 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 in creases continuou sly and practically without inter-
ruption, while the solids incr ease also almost continuosly after October 
23rd, and the percentage of skin drops to a lower level on this elate 
also an9- stays lower in all the succeeding samples except two. 

There i~ a slight in crease in tota l suga rs, 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 inver sion is present from the start, or .the 
formation of inv ert sugar proceeds at a faster rate than that of 
sucrose. Th e above data may suggest that this fruit came to full 

· maturi ty some time around October 23rd. 
IJ?. tree K the weights per fruit and per box show no regular in-

creases or decrea ses. Fluctuations occur due to differences in sizes, 
but taking all in all this item -may be conidered as fairl y const~nt . 

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

'l'he jui ce conten t also increases from the beginning , but a de. 
cided gain does not occur unt il 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 tolerab ly 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 afte1 
th is date. The ratio of inv ert sugar to sucrose is greater than unit) 
for the first time on November 21st. 

In the case of this tree the fruit probab ly came to full maturit) 
some time between November 3rd and November 21st. 

Both these tab les again confirm the observation that the fruiti 
with t.he high er percentage of juice exhibit a lower weight per fru .it 
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'!'urning now to the table of averages (No. 18) we find that on 
NoYember 3rd the following observations may be made: The skin 
and the acid have decreased, while the juice, solids and ratio have 
increased. The cane sugar shows evident signs of inversion on No-
vember 21st. With few exceptions these lower and higher leve]s are 
respectively maintained on succeeding dates. 

It will be noticed that all the changes whieh mar be taken as 
marking the point of maturity of the fruit. occur in this variL•t,Y 
somewhere near the same elate as with the other varieties October 2:3rd 
to November 21st,· ·1mt with a much highC'r ratio

1 
usually in the 

neighborhood of 11. The writer is inclined to believe that this fruit 
does not reach maturity under local conditions with .a ratio of 7, 
but 1Yith mueh higher one, only that its very lo,v acid content make~ 
it appear with a legal ratio of 7 quite early, before it rea11y 1s 
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 mram, 
real maturity, at that early date. 

It. should be noticed that the per cent solids is much higher and the-
per cent acid much lower in this variety than in th(' otlH'r two, fact:--. 
whid1 account for the high ratio exhibited hy this Yariety, whiel1 
reaches limits to which the others do not even approach. This U<'-
eouuts 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 to sucrosr, in many instances the sucrose being higher) a con-
dition very rare in the other two varieties. The total aYcrage shows 
the proportion of the two sugars to be ahont equal, with the suc1:ose 
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. 

COXCLDSIOXS FOR THE SEASOX 191r.-Hlt7. 

The data for this season suggest that there arc a number of 
changes in the appearance and composition of the fruit the direc-
tion, rate, or nature of which m.ay serve to indicate the point of 
maturity of a grapefruit. These changes are, mainly, the color of 
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the fruit, th e gain in jui ce, the redu ction of the rind, the increase 
of the ratio of solids to acids in th e juice, the incr ease of inver t 
suga r, and the reduction of sucrose in the juic e. 

These changes occur to a greater or lesser extent in all thr ee 
v.arieties, but th e extent to which they occur and the rate at which 
they proceed seem to differ for each variety. 

Based on the changes noted above, th e conclusion is possible tha1 
a grapefruit, no matter of which one of the three vari eties tested: 
when matured, always presents a rat io of solids to acids in solution 
in it s jui ce of at least 7. The "Triumph" variety under our local 

. -conditio ns comes to maturity with a ratio of solids to acids much 
hig her than 7, and probably between 10 and 11. All three varieti ei 
came to maturit y some time during the month · of November, bu1 
th e '' Triumph '' r eached the legal ratio of 7 much earlier in th< 
season, as the first sampl e picked on September 22 alr eady had f 

r atio of solids to acid equal to nine. 

SEASONAL CHANGES, SEASON 1917 TO J 9l8 . 

For this season's work ten tre es were selected in ten differen 
groves, which included some of the groves of the pr evious year, an< 
some new ones. Of the ten trees selected, seven were of the Dunca1 
variety and thr ee of the Marsh's Seedless vari ety . The trees wer 
designated this time by numb ers instead of letters. No analysis o 
soils or determinati on of sugar s were conducte d during this seasor 
for lack of help. 

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

Location Type of soil Tree No. Owner or Manager of grove I 
1- ---- -- - -·I- ------

DUNCAN 

2 . . . . . . . Mr. Newton . . . . . . . . . . Bayam6n .. .. · ·...... .. Clay 
3 .. .. . .. Mr . L. W . Davi s .. . .... Vega Alta............. Clay 
4 . . . . . . . Mr. E. D. Steve ns..... Vega Alta ............. Sand 
6 . . . . .. . Mr. M. L. David...... V ega Alta . ............ Clay loa m 
8 . .. . .. . Mr. W. K. Kaehrlii.... Vega A lta ............. Sand 

10 ...... Mr. R. L. Mills ....... Pueblo Viejo .......... Clay 
11 . . . . . . . Mr. Gu ild ermeis te r... . Pueblo Viejo .. . ....... Sand 

l\IAI\SH'S SEEDLESS TREE S 

(i • • • • • • Mr. E. D. Stevens ..... , Vega Alta ........ ..... Sand 
7 .. .. ... Mr.W.K. Kae hrle . ... VegaAlta . ........ . . . . Sand 
9 . . . . . . . Mr. Stanwood ....... ..... ...... ....... ..... . .... . ........... . . 
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INDffIDUAL ~'REE RECORDS. 

DUNCAN. 

rrhe results obtained for each tree are given below in tabulat 
form. 

TABLE 2]. 

Individual Tree Records. 

SEASO~ 1917-1918. 

Ea.eh of these taliles was ro.nstrncted as follows: 'I'en fruit were picked from 
t.he tree""to ·which thh table refers Qn each of the ~lates noted. 'l'his fruit ,ras im-
me1liately analyzed, and the results tabulated as herein shown. 

'rREE No. 2-DUNCa\N. 

" . • 
;g.9 ;; ;; 'o ~'.;! • 

Date picked §,a 0 " ~.:q!l "" .!.ol.!,! • •• • o~o • ~'8 •• oo •o ·- ·~ :::=Cl •• .;fll'l d -a~ .. u ·- ·- .- •s eo,.. 
~):; oO oO o• ooo ,_ 

;:;o p..•-. '". "0 "·- """ ;:::..o to 
--- --- --- --- --- --- --- ---

September 2l 614.25 1]'1 22.11 45.07 8.5-0 1.028 8.2 ,JG 26,255 
October 4 •••••••• 635 55 ,,, 22.30 41.60 8.5 1.017 8.3 4l 26,050 
October 25 .•..•..• 691.5!1 ,,, 26.22 40.98 8.67 1.0:rn S.SG 42 29,016 
November l 670.25 1,, 21.66 33.33 8.60 1.000 8.60 " 28,570 
December 10 :::::::: 667,00 1/·i 25.00 ,rn.10 S.65 1.000 8.65 36 21,012 
Jnnnury 17 ••.•..•. 55200 25.00 43.00 8.20 0.933 8 80 57 81,,16~ --- --- --- --- --- ---

AYernges for the 
senson ......... 645,07 l['i 23.86 40.8'1 ,8.52 1.002 I 8.50 44 2i,OOO 

TABLE 22. 

TREE No. 3-DUNCAN. 

Dnte picked ·~ •, " ;; g,,, "" ·- 0 •• . " .!<!.!,! "- •• oo •o •• ~'o ...:;;; ,-!i ,E. oO ig o.·----------,--- --- --- ---
Septelllbcr 22 ........ 576.5 1/4 ~5.6 42,60 9.15 1.313 6.96 48 27,072 
')ctober 4 ........ 580.16 11,1 26.0 88.55 9.15 1.242 7.36 ? 

1 
........ . 

Pctober 25 .-.•..•• «-· .... .... .... .... .... .... .... . ........................ . 
~ovember 12 ........ 046.23 1{1 21.06 31.57 8.i 1.017 8.55 48 81,019 
)ecember 10 ........ 586 1z4 23,5 44.0 8.45 0.94 -

1 

8.90 49 28,iH 
!anuary 17 ........ 552 3/16 2[i.O ·13.0 8.22 0.03 _ 8,80 67 BUM 

A;erages for the I · 
senson •......•. 589.iIB 1/4 2,1,35 39.04 8.734 1.088 8.03 40.4 29,717 
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TABLE 23. 

Ind ividual Tree Records- Conti nu ed. 

SEASON 1917-1918. 

TREE No. 4-DUNOAN. 

Date picked 
.... "' 
O;n~ 
0'0"' ::::;:.::d 
.. oo 

~ !I) ..... 

----- - - - --- --- -- - --- - - - --- --- --- - --
Se ptember 21 ........ 610.3 7JS2 24.2 47.2 8.5 1.328 6.4 56 28,57 
October 4 676.82 1, ,1 21.90 40 .16 8.75 0.939 9.31 64 31,1 2 
October 25 :::::::: 6-16.23 7132 22.41 40 .00 8.82 0.98 7 8.97 57 31,1 3 
November 12 623.56 7132 20.00 40.00 8.9 0.850 10.47 49 30.55 
December 10 :::::::: 618 5/16 22.00 40 .90 9.10 0.840 9.20 42 2.'.>,tli 
January 17 .. ...... - - - -- - -- - - -- - - -- - - -- - -- - --

Avernges for the 
season ......... 574.88 7232 22.10 <ll.65 8.814 0.9888 8.91 61.6 0 29,-ti 

TARLE 24. 

TREE ~o. 6-DUNOA N. 

k 

Date picked 

00 
00 "' "'- "'c - " Q Ocn:s! Q) 0. 

"'.c "- C ""' "' - C "' f.:f} .,..,. C) " "' °' 'O "' O'O <.> ~a, 
.c -

"'"' o= :::~ "'- "'"" __ ,,, 
·;.Ok g ,,,., 

~'o '-~ k - k- ~O o ~ :,.: .... : .. "'= .,o "'" ,<rn ..... 0) 0 k 
-11 p..·~ p.. "' .,.. .. i:,: .,_ :::.o tl 

- - - -- - - -- --- - - - --- --
,191.8 5116 28.86 33.1 7 9.61 1.718 5.59 59. 2~.o 
466.19 l z·I 25.0 6 68.70 9.93 1.310 7.58 64. 29,! 
424.29 114 15.65 37.77 9.85 1.311 7.5 1 72. 30,f 
476.17 0182 26.19 33. 33 9.60 1.0 90 8.80 64. 30,l 
391.00 1/4 25.00 31.00 9.80 1.350 7.2G 74. 28.~ 

September 2 1 • . . •.. . 
October 4 .... ... . 
October 25 .... .. .. 
November 12 ...... .. 
December 110 ...... .. 
January 17 .... . ... .:..:..:..:..:. :..:..:.:..::..:..:. - --- ... ... ....... .. ·· ······ ............... . 

Average s for the 
season.... ..... 449 .89 

g:,.Q Date picked i"<ll ~-43 
~== ---

September 21 ........ 463.05 
Oct obe r 4 566.80 
October 25 : : : : : : : : 736.03 
November 12 ........ 634.90 
December 10 ........ 680.00 
January 17 ...... .. 713.00 -- -

A. verages for the 
seasou ..... .... 632.46 

11,l 24.12 38.7 9 9.76 1.356 

T AB LE 25. 

TREE No. 8-DUNOAN. 

gi -<> C Q - -C §,a " "- "' .,., "' .!:ad.!( 
""' <>c ""' "·- """ - <o.. ,...~ .... - ... - k-
.c 0 ~"' "" "0 .,u 
e-< o..·~ P.. "' ;,.,d 

- - - --- - -- --- - - -
114 28.82 40 81 10.08 1.576 
1/4 22 50 41.66 9.08 1.427 

11/32 29.23 32.30 9.20 l.<178 
9[32 23.21 82 .14 9.50 1.496 
5/ 16 21.70 39.00 9 66 1.330 

25.00 38 .00 9.55 1.190 - - - --- - - -
9/3 2 25.07 37.32 9.40 1.416 

7.19 66.6 29,' 

k 

"' .... "' Q, 

0 r:n:E: "' --'C tr 
O'O <.> " ;~; :::::: aS ... ., 
c!O 0 "' 0 
0: 00 - < "' ::: .0 

- -- --- - --
6.40 54 25.( 
6.29 54 30, 1 
6.22 40 29,• 
6.35 48 30.• 
7.25 42 28.1 
8.00 39 27.1 ---
6.70 45.8 28,1 
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TABLE 26. 

Individual Tree Records-Continued. 

SEASON 1917-1918. 

TREE No. 10-DUNOAN. 

--------~----.---.---c- ---------
Dnte picked 

--------- --- ---
:t~tir:;~er 2! : : :: : : : : . 523:90' · .. ii4 .. .. 2:1:so· .. 43:20· .. iO:oo· .. i:600" .. 0:27· ... 59· ...... 39:940 
October 25 . .•• . . . . ,1Q8 00 7/82 25.00 33.33 10.65 1.662 6.3'1 72 20,376 
;November 12 ........ 476.17 11·1 23.80 33.33 10.80 1.518 7.11 67 31,903 
Docem ber 10 ...... , . 575.00 1/4 2-1.00 44.00 10.40 UliO 7 .69 48 27,600 
,January 17 ........ 552.00 27.00 41.00 Ui50 -----2:.!! __ 67_ ~u.4. 

Averages for the 
season ......... 507.01 1,-1 !H.86 38.09 10.69 1.558 6.86 50.6 30,256 

TABLE 27. 

TREE No. 11-DUNCAN. 

Dn.te picked 

_________ , ___ --- --- --- --- ------ --- ----
. . . . . . . . I . . . . . . . . Seotember 

October 
October 
November 
December 
)anunry 

4 •....... 685.77 ···siio" ··2"o".ao· ··as:oo· ···s:so· "i:2sr ····o:sa· ··· .. sr ""bi)iiii 
26 ........ 555.64 318 18.86 44.90 8.65 1.434 r,.03 52 28,888 
12 • .. • .. . . 566.87 flzl6 26.00 29.oo 1 , o.oo 1.500 o.oo 54 ro,010 
10 ........ 580.00 5[16 32.00 39.00 8.90 1.260 7.0G 44 26,620 
17 ........ 563.00 9/32 28.00 34.70 8.75 1.250 7.00 --''- 28,713 

Averages for the 
senson ......... 6i0.24 6/16 26.19 2-1.88 8.82 1.346 6.55 61 29,072 

i In the table below the results presented were obtained by finding 
~he averages of the analyses of all samples picked on the same date, 
~or the dates noted. Ten to twelve fruits were picked from each 
:tree. 
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T ABLE 28. 

Sh owin g . Biweekly An aly ses of Dun can Gra pef rui t . 

Smnpl ecZ from seven di'jfe1"e11t t 1·ees, a11d analyzed immediately aft e,· piolring . 

. SE .\ SOX )9)7 -)91 -D UN CAK . 

Date picke d 

-- - --- - - - - - --- - - -- --- - -- -- --
Sept ember 21 . . .. . .. . .. .. .. .. . . . .. . . .. . .. . . .. . .. . 548.21 
October 4 .. .. .. . . .. .. . . .. .. .. . . . . .. .. .. .. .. .. 562.92 

25.18 
2U 2 
22.79 
23.13 
24.87 
26.25 

41.51 
42.52 
38.21 
32.U 
44.14 
39.17 

8.94 1.847 
9.24 1.273 
9.29 1.318 
9.30 ,l.210 
9.28 1.355 
9.40 1.230 

7.~ 
7.4 
7.~ 
7 .! 
7.! 
7 ,j 

Oct ober 25 . .. . • . .. .. . . . .. . . . . .. .. .. . .. . .. .. . . 560.43 
November 12-17 .... ....... ... . . ... ...... ...... .. 586.30 
Decem ber 10 . .. . ..... .. . . ....... .. .. . .... . ...... 585.28 
J nn uuy 17 .. .. . ... ... . .. . . . . . .. .. . .. . • .. .. .. . . 595.00 

Average s for the se ason .. .. .......... . ....... 573.02 24.39 S8.97 9.24 1.2555 7.l 

. The averages for each tr ee for the season may be seen in tl 
table that follows : 

T ABLE 29. 

Showin g Mean Compositio n of F ru it f or Each In divi du a.l Tree for the Sea so 

D U NCAN--' SEASON 19] 7- 1918. 

Tre e No. 

2 . .• ..• •.• • ••• . • . . • 
8 .. . .. ........... .. 
4 .......... .. ...... . 
6 .. .. . .. . ... .. .... .. 
8 . ...... .. . .. .. ... .. 

10 ............ .. ... .. 
11 ..... . ..... . ... .. .. 

645.0 
589.4 
574.88 
449.89 
682.45 
507.00 
570.24 

... . 
0 ., . 
0 '0 
:il= d O 
J>l"' ' 

- - 4-4 I~ - 2-3.-86- 1-- 2-1 .-900-
1
- 40- .s-4 -8 -.5-20- -1. -002- - - s 

40 114 24.65 29,111 39.94 8.734 1.os8 a 
s1 1182 22.10 29,472 41.65 8.814 o.988 a 
46 9132 25.07 28,654 S7.32 9.49 1.416 6 
66 174 24.12 29,762 / S8.79 9.760 l.3 56 7 

50 174 24.86 80,266 38.97 10.61 t 658 f 
51 5716 26.19 29,072 34.88 8.82 1.346 I 

- SE ASON 1917 TO 1918. 

DUNCAN : 

Size.- The size of th e fr uit has been mostly in the neighborh o, 
of 46 and 54. Of 44 samples measur ed 19 ra n from 40 to 49, wk 
16 vari ed between 51 and 59. This coin cides with the observati o 
made during the season 1916 to 1917. There is no definit e co 
uection shown between the time of pickin g and th e size of th e fr u 
This may be due to the mixtur e of fruit s fr om different blooms 
the tr ees, and the practi cal 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 season, in four of 
them, trees Nos. 2, 3, 4 and 8, the weight of the fruit has increased 
throughout the season, while in the remaining four a decrease has 
been noticed. 

As regards the relation previously noted 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 
sanw relation, with a few exceptions, is f01md to exist. 

In tree No. 2, taking the first four samples in the table, we find 
the percentage of juice decreasing from September to November. and 
t1w average weight per fruit increasing in the same order. Again, 
in tree No. 3, taking the samples corresponding to September 22nd 
and November 12th and December 10th, we find that the sample for 
;\;oyrmber 12th, with the lowest per cent of juice, 81.57 per cent, 
shows the highest weight per fruit, 646 grams. 

'I'he same is evidenced by the three first samples of tree No. 4 
and the samples for October 25th, and November 12th of free 
No. 11. 

Per cent Juice.-Contrary to last season's results, the per cent 
juice thir; 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, :-.:o. 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 ,vas 43.57 per cent. 

Per crnt skin.-In four cases,. trees Nos. 3, 4, 6 and 8, the per 
cent skin showed a tendcnry to decrease, 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 skin.-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 records for the individual trees· 
show this factor to he practically constant through the season. In 
two cases, trees Nos. 4 and 6, a small, but perceptible increase is 
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noti ced. In tree s Nos. 2, 10, and 11, increas es in the hundr edths 
wer e noti ced, so that they may be r egarded as showing constancy. 
In the other two tre es slight decreases were manifest ed. However , 
th e table of averag es £or all the tr ees (No. 28) shows a small but 
marked incre ase as th e season advan ces. This coincides exactly with 
previous observation s. The averag e for all the tr ees for th e wholE 
season was 9.24 per cent , higher than last season's . 

Notice that the solids are high er a1id the per cent jui ce lower fo1 
this season than for last. 

Per cent aoid.- In all cases except one, tree No. 11, the per cen1 
. acid has decreased as the season advan ced. This is also shown by 

the table of average s. Th e lowest averag e shown by all the t rees wai 
1.155 on December 10th , and th e highest 1.347 on Sept ember 21st 
Th e average of all th e tree s for th e whole season was 1.255. Thi~ 
mak es the acid content of the Duncans practi cally the same as fo1 
last stlason, when the minimum averag e shown by all th e tre es wm 
1.11 on December 29th , the highest 1.36 on Septemb er 25th , and th E 
average of all the trees for the whole season 1.205. 

The observat ions of thi s year in this respect s coincide with .thosE 
for last. 

Ratio of solids to aoids.-An examination of the tabl es will sho,, 
a st eady gain in most instances. In only one instance , tree No. 2 
was the ratio from the beginning higher than 7, and even here, i 

sligh t, but st eady gain was observed. The fruit from this trei 
started with a ratio of 8.2 on September 21st, and gradually anc 
unint erruptedly climbed up to 8.80 on January 17. It should b1 
noti ced, however, that the rat e of increase is very slow. In all oth e1 
instan ces 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 tre e No. 4, which started with a ratio of 6.4. Thi: 
in cr ease is shown by the table of . averages , although not so clearl~ 
as· by the individual trees. 

Taking the averages for all th e tr6es on different dates we fine 
the lowest av.erage ratio occuring on October 25th, which was 7.238 
and the highest on December 10th, which was 7.998. The averag1 
ratio of all th e trees for the whole season was 7.36. This is slightlJ 
higher than the average ratio for 1916 to 1917, which was 7.23. 11 
this season all the averages given for the different date s, beginnin1 
Sept ember 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 Jmce in the 
fruit, more solids, practically the same acid, and very slightly higher 
ratios than during 1916 to 1917. The weight per fruit was higher 
in the previous season. 

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

\Yelght i ' Rntio Percent Percent Solids In Acid Season per fruit in skin juice juice (citric) of solld9 to 
grnms ncld 

i 
8. 70 i 1916-17, .......... 602 28.25 ! 43.57 1.203 7.23 

1917-18 ..... , ..... 573 24.29 38.97 9.24 1.255 7.35 

In a general ·way1 the nature of the changes observed during 
this season has heen 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 
rc,>1•ords for both sfasons of only those trees that were continuously 
tested from 1916 to 1918. Following is a comparison. The trees 
,wre designated during the season 1916-17 by letters and during 
Hl17 -] 8 hy numbers. 'l'he eqniYalences are as follows: 

Grove 

]r!r. Ne,vton .......... , . , ... , ................... , . 

Deslgnntiou Deslgn'ltion 
during 19Hl-17 during 1917-18 

1\fr. E. D. Stevens ................................. . 

1 
l\Ir. 1\I. L. David ................ , ............ , .... . 

I 
N 
B 

2 
4 
6 

As seen, then, tree I 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: 

Weight Thickness Percent \• P~r!!eut Solids Acl!l R ntlo of 
Treo No. solids 

per fruit of skin skin JlllCC in juice (citric) to acid 
. - ! 

i 
Tree I ..... 657 5/16 27.591 42.51 8.64 1.124 7.69 

Nq. ..... 645 1/4 23.86 40.84 8.52 1.002 8.60 
'.rree N. ... 471.6 1/4 27.99 42.77 8.62 1.166 7.39 

No. 4 ..... 575 7732 22.10 I 41.66 8.81 0.089 8.91 
rrree B ..... ·150.8 1/4 27.10 I 45.74 8.46 1.252 6.76 

NCk 6 ..... 449.9 1/4 24.12 38.79 8.76 1.356 7.18 
' ---

A verngcs for 
[26.6 7732 27.56 I 43.64 8.56 1.514 7.28 1916-17 ...... 

Averages for 
1917-18 ...... 556.61 1/4 23.361 

---
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 difference s .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 fru it duri ng this season, are 
much less pronoun ced than dur ing season 1916-1917 ; in fact, some 
of them ar e totally absent, as no r egularit y in the variation s have 
been detect ed. Only the slight decrea se in acidity of the ju ice and 
a corr esponding in cr ease in the ra tio of solid s to acids have been 
at all regular. 

To account for thi s lack of uniformi ty in behavior, ref erenc e must 
be made to the fact that the fruit showed a ra t io of over 7 with the 
first sample picked on September 21st. It was observed the previous 
season, th at when maturity was r each ed, th e progressive changes 
in the fruit ceased to be regu lar , and fluctuations due to individual 
variation s were apparent. The data on inversion of sucrose which, 
as was seen, exhibited regularity precisely after maturi ty are not 
ava ilable t~ jud ge the behavior of the fruit durin g this season, but . 
with the data at hand we are safe in assuming that th is 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 
larg e extent. 

As ,.vill be seen fur ther on, th is early matur ity may be ascr ibed 
to a reduction in th e rainfall, which also account s for the lower juice 
content and higher solids in jui ce found in this season's fruit. 

Again, the fruit exhibited a ratio of over 7 when matured. Both 
maturity and rat io were rea ched very early this season. Most of 
the trees had matured fr uits in October. 

SEASONAL CHANGES, 1917-1918. 

MARSH 1S SEEDLESS. 

Only thre e tre es of this var iety were tested during th is season 
trees Nos. 5, 7, and 9. The composition of their fru it was found 
to be a follows : 
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'f'.\llLE 30. 

Individual Tree Records. 

SEASON 1917-1918. 

TREE :No. 5-1\L\RSH'S SEEDLESS. 

g,.... ~::: ::: = a"' = 'o ... s : I ! ::: ,,, 
Date picked g .= g] ~S .g~ c., fc;, 

__________ , __ ~_}_! ~'c fa_ E·=-E~ E~ ;;~s ~;,; I ~ls Ee 

September 21 ,J-14.15 6zl6 26.85 42.56 7.81 1.Hl7 6,880 64 , 28.42<> 
October 4 ,11::!.27 ][4 25,00 ,15.00 i.93 1.121 7.00 72 I 29,683 
October 25 510.18 5116 26.66 42.26 7.03 0,963 7 92 61 30,121 
November 12 .......... 532.86 5/16 2ii.fi3 3S.3S 7.30 0.876 8.33 57 30,378 
December 10 .......... 506.00 1/4 27.00 47.00 7.20 0.880 8.19 62 I :n,372 
January 17 ....•••••• . •....•..••.........•••.........•.....•. ••····•· ········1········ 
Averagesfortheseasonl •lSl.09 i 9/32. ----;;~!~ ----;l--;;4 

T.\BLE 31. 

TREE No. 7-i\L-\RSH'S SEEDLESS. 

g fl:3 § ::: C. § 0 ,,,!:; -;::.5 ~r Cl"' I t~ 
----------1-~-~-·- ~'o ' ~"' ~---=-=--~.:__ :Z "'~ !l~i a:.otm 

September 21 . . . . . . . . . . 652.05 511G i 28.90 38.4 11.26 UM! 6.37 46 29,99·1 
gg~~!~ 2i ......... ·55·5:54 ... !liS2 ]''2'.t:,is·1 .. a2:6S .. i0'06 "i'5.ii' ... 6:4s'i".s9"' "2:!:777 
November 12 ......... 538 86 111 

1 

23.40 30.oo !l 50 Ll75 6,61 60 32 mn 
December 10 •... .... .. 609.00 511G 28 OD I 36.00 9JIO 1.350 7.33 46 28,014 
January 17 .......... G,1'1.00 1/4 27.00 •12 oo 9.70 1.28 7.60 18 30,912 

Averages for the season u99,S'1 fl/321 26.36 3.3.81 fl.73 ! 1.119 6 85 51.8 28,805 

Date picked 

TABLE 32. 

TREE No. 9-)IARSH'S SEEDLESS. 

Dnte picked 

_________ , ___ --- --- --- --- --- --- --- ---
September ,a 421.2 5116 28.84 46.15 8.10 1.325 6.18 68 28,641 
October •I 415.70 ,,, 26.30 47.72 8.20 1.316 6" .. , 26,605 
October 25 . 46t'.S.i' ... 6ii6' ··2·0·.s2· .. 4'1'.46' ... s:10· ··i:oor ···1:ns· ..... Gr ''29,749 November 12 .......... 
December IO .......... 483.00 5]16 33.53 •15.00 7.70 1 050 7.31 60 28,980 --- --- --- --- --- --- --- ---
ATernges for the season -4•16,18 9]52 28.82 -45.08 8.05 1.107 6.72 r,1 28,493 
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'J.'ABLE 33. 

Shewing Biweekly Analyses of Fruit Pick ed from Three Different Groves. 

On each one o:f the dates note d ] 2 fruit s wer e picked from each of three trees 
set aside in th ree di fferen t gro,·e s, and th e samples t hus collect ed were separately 
ana lyzed. The results of t he samp les picked on tbe sa me dat e were ave·rag ed, and 
the avera ges are tab ulated be low. 

SEASO'.'< 1917 - 1918 - M.\ RSI ·I'S SE EDLESS . 

QI-
.., .., .., Q ""-= "' "' "'"' Date picked "' "' .. .,, "'"' "·- ""' " " o,:; 

"'"' ""Li .... - ... - ... -!i I:: :"' "'" "'0 .,o 
p..·~ P.."' P-"' --- -- -- -- --

September 21-23 , , . . • , • .•.. 495.11 28.35 41.97 8.83 l.372 
October 4 . . ....... . ........ 413.98 25.65 46.36 8.06 1.318 October 25 .................. 532.86 25.57 37.44 8.81 1.252 
November 12-17 ...... . .. ... .. , 512.18 25.25 36.58 8.40 1.149 December 10 ............ . ..... 532.50 29,44 42.66 8.26 1.093 Jauuary 10 • , , , ..... , ...... .. 644,00 27.00 42.00 9.70 1.280 -- -- -- -- - -
Averages for the season . . , ..... 521. 78 26.87 41.16 8.67 1.227 

T ABLE 34. 

... 'C .. 
to o,,,_ 

O'C o "' ~= d 
... ., 
"'" dO 0 >-et::(/)~ <I" -- --

6.43 46 
6.61 68 
7.03 60 
7.31 60 
7.55 56 
7.60 48 -- ---
7.09 56 

~?:~ - -
22,7T 0 

1 
2 
1 
0 
i 

28,15 
31,97 
30,73 
29,82 
30,91 --
29.2 1 

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

Tree No. 

5 .. . ........... . ..... .. 
7 •••••• •••...••..••.. . . 
9 . . . . ' . • ... .. ...... . ... 

SEASON 1917-191 8-MARSH'S SEE DLE SS . 

... .. "' ... 
"' "' 0 ... a,..,,; "' "' Q "' Q ec.Q- rn "" ,;<l ..,.,. 

" ... :;;; "' -§,;::: "'"' ""' .... ., ""' "" "'" tLi 4) 0 0 ... ->- $.!::.O °'" <I"' p.."- p..·~ -- --- -- -- - --
~81.00 63 9J32 26 .21 29,994 43.Cl 
599.89 52 9132 26.36 28,805 35.81 
446.18 64 9/32 28.82 28,493 45 08 

.!:: () ... 'C o .,_ 
"'"' ioE O'C c., 'O" :;;:::= :=: '5 ~·o .0 00 a5 . ..., <i- rn.w - - -- --

7.57 0.9954 7.60 
9.73 1.41 9 6.85 
8.05 1.197 6.72 

Weight 0/lid size.-Both variable. Ther e is a tendency to in-
crease on the part of the former , while the latter may be consid ered 
as practically constant. The increa se 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 sample s 
picked from tree No. 9 on October 4th and November 12th (see tabl e 
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 tahle 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, hut the 
reverse is true of tree No. 9, where the fruits ·with ratios belo\\· 7 
have the higher per cent of _juice. The table of averages for this 
~enson, No. 33, shows also. a higher content of .juice for the fruits 
with ratios below 7. This may suggest that the Marsh's Seedless 
hPgin to attain maturity when they have a ratio of less than 7. 

Ave-rage of all trees for the season, 41.16 per cent. Highest aver-
age. -16.36 per cent, on October 4; lowest, 36.58, on November 12-17. 

Pct cent skin.-It has not been possible to trace any consistent 
change in a fixed direction during this season. 1'here has been mnrh 
finetuation, and the factor may be considered as practically constant 
for this fruit within the ratios observed. This is shown both by the 
iudiddnal tTee records and by the table of averages for this sea!-\on. 

Per cent soUds in jnice.-This item may be considered as constant 
for this season ·within the ratios observed. A mere im;pection of the 
tahles will eonvc,;v this impression. 'l'he average for each tree dif-
fers very little from the first figme obtained for the season, and in 
fact, from any other ngnre in the table. The same is true of the 
tahle of averages as the percentages obtained in each case on dif~ 
ferC'nt dates for a given tree lie as close together as could be expected 
within the circunrntances. Of course, there are notable differences 
among individual trees. So the average for the season for tree 
No. 5 was 7.57 per cent 1 for tree No. 7, 9.73 per cent, and for tree 
Ko. 0. 8.05 per cent. 

The average of all trees for the whole season was 8.67 per cent. 
'fhe 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 
Oetober 25th, and the lowest 7.20 per cent for tree No. 5 on De-
cember 10th. 

Per cent acicl.-There is an uninterrupted, notable decrease in 
aeid content all through the season. However, the decrease is much 
more rapid after a ratio of 7 )s approximately reached. 'rhe decline 
rrall;T starts ,Yhen a ratio of 6.5, more or less, is obtained, somewhere 
around October 25th. 
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In tree No. 5 th e notable decrease occur s on . October 25th with 
a r at io 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 ra tio of 6.23. The sample for Oc-
tober 25th, was missed, and the next sample pi cked, on November 
12th , shows a notable decr ease with a ratio of 7.38. It is not going 
beyond the limits of a reasonab le possibility to suppose that on 
October 25th a per cept ible decrease in acid should have been no-
ticed in this sample. 

In the table of averages for all the t r ees, the declin e becomes 
constant aft er November 12th-17th , although the samples for Oc-
tober 4th and October 25th, were lower than th e first. However, 
th e latter , with a ratio of 7.03, was high er in acid than th e former , 
with a ra tio of 6.61. 

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

These per cents are higher than those for the same fruit lcIBt 
season, and the average for the season is pra ctically the same as 
those obtained for the Dun can fruit for the season 1916-17, and 
1917-18. 

Among individu al trees the lowest per · c~nt 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 th e season. Th e ratios ·very rarely went beyond 7. The one 

- t r ee which reached an average of 7 did not reach 8. Taking the 
table of averages of all t rees for th e season, the first average ratio 
of 7 appea~:ed on October 25th , just about the date when the decline 
in acid content star ted. By the end of the season, on January 10th , 
the ratio attained the high est average for th e season, which was 
only 7.60. 

CONCLUSIONS. 

The changes undergone by the Marsh's Seedless grapefruit during 
this season were much less p erceptible than last season's and in many 
instances were totally absent. As the .changes in jui ce content, per 
cent skin, iweight of frui t, and r atio of solids to acid tak-e place 
with more inten sity while th e .fruit is yet unripe and is progr essing 
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toward maturity, it js safe to assume that the fruit in this season 
was very near maturity when the fast 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 so in the case of the Duncans, 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. 

Weight Per l'ent Thick- Per cent Solids Acld Ratio of ,A,ernge Season ness solids per fruit skin of skin juice in juice (citric) to ncid slzo --- --- --- --- --- --- ---
19Hi-17 ............. 609.8 30.88 25161'' 44.9,J 7 ,91 1.117 7.08 " 1917-lB .... ......... 511.8 26,87 ·········· •11.16 8.67 1.227 7 .OD " 

This is indicative of the fact that some fixed cause was acting to 
produce identical results, and the only one factor in this case that 
could affect all the trees in approximately the same way was the 
,veather1 as this was the only one that ,vas very nearly the same for 
all of the trees in a given season. 

SEASONAL CHANGES OF GilAPEFRUIT, 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 <'olor as that employed by Mr. Cady was adopted. 
Ptw (kscrihing the taste, the term "tart1' as used by Collison 1 was 
employed, for designating that particular taste which is neither 
entirely sour nor sweet but which is rather a kind of middle point 
between these .t,Yo extremes. Then the words "sour" and "bitter" 
variously modified have been made to express obvious variations in 
taste. The juice cells have been described as "well filled" when 

l Bul. 115, UnivC'rsity of Florida Agricultural Experiment Stntion, "Sugo.r and .Acid 
in Ornnges nnd Grapefruit," by S. E. OoUison, 
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they have been full of jui ce, tur gescent, well rounded up, and with 
an even, glossy surface. ·when this condition has been present , but 
not to perfection, the terms "filled" and "part ially filled " have 
been rmployed. In the absence of thes e properties the term s "dry" 
and "hard " have been used to descr ibe them. 

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

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

The trees were again designated by numbers, following th e nu-
merical order of the prev ious year. 

'fREES SELECTED EXJR '!'HIS SEASON'S WORK. 

All trees selected were of the Duncan variety, except t ree Xo. 1:3, 
which was a Marsh's Seedless. 

~inn ager or owner of grove No. of 
the 

tr ees 
Locatio n Ty pe of soil 

Mr. E. D. Stevens .. ........ . ................. . 
Mr. E . D. Steven s ............................ . 
Mr. M. L. David ...... . . . ..... . ..... .... ..... . 
Mrs. C. D. Smit h ......... .. ................. . 
Mr. E. R. Day ................................ . 
Messrs. Scov ille and Castle ....... .. ......... . 
Mr. W . K. Krebrle .......................... . 

, _________ _ 
12 Vega Alta. ... .... ........ .... Sandy 
13 Vega Alta ......... . .......... Sand,· 
14 Vcgn Bajn .. . ........ . ... .. ... Sandy loam 
15 Vegn Baja.. . ................. Sandy loam 
16 Mnnati. .......... . ..•........ Clay loam 
17 M nnatt....................... Cla~· loam 
18 Vega Alta.......... . ......... Sandy 

OOMPOSITION OF TEE SOIL . 

The analyses of the soils and the correspond ing subsoils in each 
grove are given below-on the ir water-free basis. 

Mr . Steve ns' Grove-- Trees Nos . 12 an d 13. 

Soll Subsoil 

Color ......... . .. .... ........... ...... .......... . 
Type ..................... . ......... . ....... . ..... . 
Dept h of soll .... .. ................ ... ....... . .. . . . 
De\)th of subsoil samp led .. . ..... ... •..... . ...... 
Moisture ..... . ......................... . ......... . 
Voatlle matter . .. ....................•.... . ....... 
Insol uble matte r ......................... . ...... . 
Nit roge n \N) . .. ....... ... . . .. . ........... . ... .. .. . 
Phosphor c an byd l"lde (P205) ... . .. .. ... .. .... . 

Dark brown ...... .. ........ Yellowi sh brown 
Sandy... . .................. San dy loam 
Two feet ~ .. . ......... . ...... .. ..... . ........ . 

Two {eet · "ij4" per ·ce~ii.:·.: :·. :·:. :·.:: 1 .50 per cent 
5.34 per cent...... . ...... 5.00 per cent 

88.68 per cent ....... . ... : . 81. 51 per cent 
0.420 per cent . .......... .. 0.140 per cent 
9.102 per cen t . .......... .. Trac es 

Calcium oxldo (CaOJ ............. . .......... . ... . 
Iron and alum inium as (Fe203) .... . ..... . ..... . 

None ....................... None 
5.54 per cent............. 7 ,03 per cent 

Potash (K20) ... ..... ... . . ....... · .. . ........... ·· Traces.. .. .................. Trace s 
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Mr. H. L. David's Grove-Ttee No. 14. 

) )::;oil Subsoil 

Color .................... , .......... , .. , , ....•.... I Reddish brown ....... , , ... ·1 Red 
Type ....•.......... _ .................. , .......... : Hu1Hly loan1 .....• , . . . . . . . . . Sandy clay 
Depth of soi!. .... , ........ ,, ....•.....•........... / 'l'wo teet ....... , , ...... , ... _ None 
Depth of subsoil sampled .................................................... , 1Cightecn inches 
:Moisture .... ,, ................................... l,G-1 pereeut I 1.46 percent 
Volatile matter ................................. ! o.Gl petcent............ 6.•17 percent 
Insoluble matter ................................ ,'- 83A8 Ju:rcent. .......... , I 81.70 per cent 
Nltrog-en (X) ...................................... 

1

. 0.106 percent. ............ ! 0.078 percent 
PhospllOric anplrirle (P 2 0 5 )....... ... ... ....... O.llJ per cent. ............ , O.O!JO per cent 
Cnlcinm oxide (CnO) ................... , ....... , 'l'rnees ...................... i ,-.;one 
Iron nud a!nminlnm oxide ns (Fe2U3) .......... ·1 8.26 per cent ............. l 7.19 per cent 
Potash (KzO) ..................................... O.OOH per Cl'ltt. ........... 0.003 percent 

Mrs. C. D. Smith's Grove-Tree No. 15. 

I Soll I Subsoll 

-C-o-lo-c.-.-.-. . -.-.-. -.. -.- .. -.-.-.. -.-.-.• -.-.-•. -.-.-.. -.-.-.-.. -.-.-.. -.-.-.. -.-.. ) Ligl1t brown ............... j Hed 

i_~tfti ·or SOii_: ·.;::::::::::::::::::::::::: :: : : : : : : : : lj i~~-~~~~t~s:::::::::: :: . : :: I_ .~.1.~.~ ............. , 
DeJ)th ofsubso1! snmJJled ...........•.... , . . . . . . . . . . . • .............. , ..•.... , i l 1 1ftcen inches 
Moisture .......................................... 1.:::0 p('rcent ............. , 1.70 percent 
\'olat1le1nntter .................................. ,r G.26 percent ....... , ..... 18.77 perc('nt 
Insoluble matter ................................ 1 83.iHJ pt•r cent............. 78.Ml JJer cent 
Nltrogen(N) ...................................... ) 0,112percent ............. 0.089percent 
PhosplloricanhydrJde(P 2o 5 J .................. : O.l0Dperce11t ........ ,1 o.106pcrceur 
Calcium o:i.:icte (CaO) .....•....•................. !, ................. ,, .... , •.... , •...........•...... 
Iron and aluminium oxides ns (Fc 2 03) ........ ' 6.li:t JlCI' cent, ... , ...... "I ti,80 per cent 
Potnsh (K 20) ....................... , .... , .... , .. , I 00.02i Jier cent ... · ..... ,.... 0.Q;j5 per cent 

Mr. E. R. Day's Grove-Tree No. 16. 

Soil 

Color ............................................. . Hect ... ,, .................. . 
'l'ype .....•.........•....•.....................•.. 
Depth ofsoll .. ,_ .... , ............. . 
Depth of subsoil sampled ....................... . 
~Ioisture ....... ,.; ..........•...•.... 
Volatile matter ....... ,...... • .... , •.. , ..•...... 
Insoluble m1ttter .... ,., ................... , .... . 
Nitrogen CN) ................................... . 
Pl10sphorlc andyctride (P2D5) .•....•........•... 

Ulny ............. , .... , .... . 
Elgh inches ............... . 

. . 2:z2·. iiC; ·cci1·t.:::.: ·. ·. :: ·. ·. ·. 
11.81 per cent .... , ....... . 
GG.09 per cent ........... .. 
O.lMl per cent ............ . 
0.180 per cent ..... ,,., .. ,. 

Calelum oxide (Cn.O) ............................ . 
Iron nnd nlnmi11ium o.xldes {ns F c2 03) ....... , 

0.221 per CPJlt .......... . 
1-1.26 per cent. ........ , .. . 

Potash (K 2 0J .................................. . 0.0,13 per cent. ............ , 

Messrs. Scoville & Castle's Grove-Tree No. 17, 

Soil 

Color ................... , ................... ,...... Re<ldlsh brown ........•... 

ii ~1iiJJ:~~;~;;;~~i;~i: :: :: ;: : : : : : : : : : :: : : :: : i !.it:/g;i::~~;::::::::::: :: 
Volatlle matter ................................... j 10,12 per cent .......... .. 

i Insoluble matter ... ; ...... , ....................... 72.9'2 per cent ............ . 
·!·Nitrogen (N) ······:·········"··················· !_ O,H/5 percenL .......... .. Phosphoricanhydr1de(P205) .................. 1 0.160 percent ............ . 
'1calcinm oxide (Cn.O) ............................ 1 0.235 per cent. ........... . 
1Iron nnd aluminium oxides (as F e203) ....... , 111.-17 per cent ........... .. 
1Potnsh (K20) ..•.........•.....•.....•....•....... 0.025 percent. ..•......... 

Hect 
Clay 

Subsoil 

T\\·C1~e ·i"riCiies · · · 
2.VO per cent 
9.47 percent 

67 .52 per cent 
o.157 per cent 
O.l 14 per cent 

Traces 
22.9!! per cent 
0.007 per r:ent 

Subsoil 

Bed 
Clay Jonm 

·ir~;l 1nc·,ies"· · .. 
2.13 per cent 
8,03 per cent 

71.32 per cent 
o.134 per cent 
0.1'17 Jier cent 
0.221 ner cent 

12.00 per ceut 
0.01 per cent 
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Mr. W. K, Kaehrle's Grove-Tree No. 18. 

Soil Subsoil 
- --- - . -1------

¥~~::::::: ::.::::::::::::::::: :::::::::::::: :::::: ~:~a/~:~\:~.::::::::::::::: §~t?d\' lonm 
Eeptthb o~soibl. 'it' ....... 

1 
.. d •••...•..... , ..••.. , , . . . . SLx inches.,, ••.•..... ,,.. . . , .. , : , .. 

• ,ep O SU so snmp e , , , , , ., ................. , . . . ....... , ..... , . . . ... . .. Eighteen 'iriCh'CS • 
,,oisture ......................................... 1,15 percent ............. 1.14 percent 
filatlle

1
matter.................................. 5.s; percent ............. 5.42 percent 

Nisolub e matter ............................... , . 87 .9a per cent............. 8-Ui6 per cent 
trogen (N) ..................... , .•. , •. . • .. •• .. . . 0.189 per cent . ... . . O 134 per cent 

Phosphoric n.nbydrlde (P205) ..•.•. ,....... •• .. . 0.134 per cent: .... ,,:::::'. o:wo per cent 
Cnlclnm oxide (CaO)..... . . •• . . . . . .. . . . . .. . . .. .. 0, 188 per cent,., .......... I 0.124 per cent 
Iron nnd nlnmlnlnm oxides (as F e2 o 3 ) , • • . . . .. 3. 70 per cent ...... , ..... , 6,40 per cent 
Potash (K20) ............................... , ..... 0.085 per cent ••... .•...•• 0.053 per cent 

These samples were taken with a gage of 4" diameter. 
Physically and chemically 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 been used to differentiate the groves 
,on which they stand. 

:a.. §. ... _ 
::;: ei ...,, """,e-do 

I 
o 0'0 

Potash 

! 
Cnlcium \ Ferric 

oxide oxide 
Tree No. I_E_l __ z_,g __ f_·~-

it~~~-1~·.::::: :: :I ~t1~ g:f~~ g:i~1
1

-J:-~-~c-,:-.-i1·-~-,;-;i_:_e_s_
1 

15 ............. \ 83.59 0.112 0.109 0.027 -
1 

None 

5.54 
8.26 

\ 

6.52 
18 .......... , .... •! 87.95 0.189 0.134 0.085 0.18 
lG .............. ·\ 66.09 0.189 0.180 0.043 1· 0.22 
11.... . . . . . . . . . . . . 72.92 o. l!'.15 0.16 0.026 0.2a 

3.79 
14.26 
11.47 

Color 

Brown 
Red 
Brown 
Brown 
Red 
Red 

From the physical point of view, the first four samples are of th, 
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 o 
the clay soils plus the sandy soil corresponding to tree No. 18, whic 
are soils of a fair degree of fertility. lVforeover) the composition c 
the different soils in each group agree fairly well if differences c 
minor importance arc 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 effe, 
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 tree 
shown by the tables that follow: 



Dnte picked 

TABLE 35. 
Individual Tree Records. 

8EAS0N ]!)18-HJ19. 
'!'REI~ No. 12-DUNOAN. 

• • 1 , I a .. " " " "~ I ., ~· tll..., 8 <I> i:t i:t A Q ::: o 't:I : ::;: O-u.., 
Cl.::! d i::i.... <:.> <I> <:.>"' <I> ,,,.... d .., >-< <II >-< ...... 0 

]'\;; ;::~ ::.§ _::gg :;;:o t~ 3~ > > i:1 J::l"'" ci,.!4 ci,:::: <:.> o e, <:.> .., O O >.!: > ::i d o :::l d A :::l::;: -1...... E-to 11<"' Jl<'..., ll.rn p..,c ~,,,...... ~"' .=!"' CJ E-t"' ~· ... w"' 

Oetober 28 ...•..•• 575.a.1 11/32" 26.53 30.821 8.9·1 1.151 7.767 54 I ...... :· .......................... . 
November 12 636.29 411G" 2'3.59 .w.8·2 8.26 I.OG5 8,2GO 34-46 4.030 4.371 8.63 o.921 
No\·ember 26 5.11.47 4/17'' 24.5!:l H.10 9.10 1.015 8,965 54 1.977 2.749 5.867 0.719 
December 12 589.67 9;32" 21.88 ·17 00 I 8 So 1.018 8.6·1 46-04 3.220 3.190 6.58 I.009 

January 20 ...... .. 596.75 4/16"' 21.78 11.73 8.70 o.O.Jl 9.2·1 46 s..iso 2.110 5.58 1·649 
January 2 ........ 555.66 :!/16". 22.36 3.!,88 fl 00 0.9537 10.32 ·IG-54 3.<110 2.213 5.94 l.fi.10 

February 2.1 .... .... 595.oS 4110"' 21.13 ,16.128 8,80 0.837 10,51 51 3.970 2,0-1 6.118 I.9-16 

Averages for the 
season 

Date picked 

October 28 
November 12 
November 26 
December 12 
Januo;ry 2 
January 20 
.li'obruarJ 'U 

A,·erages for the 
season 

584.771114. 2-JAI 40.97 ! 8.80 0.9972 \ 8.82 49 3.3,178 2.S82 5.85,t 1.405 

. •-E ;f~~ "-~;.s 
1101.75 
317.4 
351.36 
.JOQ.92 
4.l t.07 
38S.37 
,J33.75 

386.86 

. . 
"c ·-.!d,!4 .. ·-~ §:l 0 

3116 
7/32 
3/16 
,11rn 
311G 
3116 
4{16 

7/32 

rJ:'.ABLE 36. 
'rREE No. 14-DUNOAN. 

I 
" d ;; ;; ;; 'o ..,;:! • "' I I~ .. g~ -" C o ........ "' • •• • • . " 1! I oc •• •• 0,0 O'O o "• "• • -· "'i "- ~·= a·- :::=d :.:2 ;.ll C ·~ oC I •• coo .e;;; d -c di:l ::i ::i t• ::)..'-, o.·~ ~· """ ~·"' " t;" ~-"'"' ~~------~~,---,~~------~~---

'.'..5.15 48.00 tl.70 u:H , 8.lri 68 3,818 ................... , ..... . 
23.88 .13.21 10.6 t,.12,l i 7 37 G9 6.10 ,t.8!JS 10.25 1.063 
2.t.22 39.50 10.3 1-327 I 7.76 80 2 2.u 2.671 5.0,'>7 o.&10 
32.07 •,12.:!6 10.6 1320 I 7.98 72 3 83 2.720 6.694 1.408 
25.76 11.17 9.95 1.071 I 9.29 80 3.63 2.932 6.717 1.2B8 
2D.87 42.85 8-85 1.162 I 7.61 80 3.66 2.340 6.000 1.564 
28.38 <17 .74 9.9 0.8196 12.08 G·i 3.12 2.510 6.363 1.482 

27.05 .J.J.23 10.26 1.226 I 8.36 1 73 
I 

3.71 3.010 6.8791 1.236 

Color 

... . 
Y.G ...... . 
G.~ ..... . 
Y •••..•••.. 
G.Y ....... . 
··~····· 

Color 

I 
G. Y. T ... .. 
Y ......... .. s. Y ....... . 
G. S. Y. T. 
G. Y ....... . 
G. Y ...... .. 
G. Y ...... .. 

• ... 
'l'art. 

s ; ... 

"' 0 •• ;;;:::: ;; t ·~ 8• 
"~~II fil,1,ed 

Consist-
ency 

·,r"art··1"'.~11 filled 
·sour .. 
R~th·e-,.·. 
aour 

"' ::-; 

"' :,. 
t-< 
c:-
:,. 
'./, 
co 
fl 

"' _, 



Do.to picked 
<U..,E 
;;f'Ftif "-" !;.s 

'f.\JH,E 3i. 
Individual Tree Record-Coutim1c1l. 

. 
~o 
Li~ .. 
~'o " •o .-•" ". 

;E<l,) 
~3 
it,2. 

"• ·~ ·-.-00 ~· , ___ , ___ , ___ , __ _ 

SEASON 1918-1919. 
THEE No. 15-DUNOAN. 

§ h .:s: g:, 
~'.a 

1

, ,g;§~ fo <UC ,:!00 ~N 
:i... d ~,,,... .::;;1il ------ ' 

~. "• . " >o .:i• 

" g 
• ;l 

0 

> -· . " i;; 
'o ... : fil 
O~df: 

c.:.-"'"' 

Color 

October !!8 ...... 1 511.71 3/16 2/i.26 39.61 10.21 1,,103 6.93. 6.J 372 ........ \ ................. G. Y.1'. 

'l'Rstc 

Rather bitterish 
!Ind acld 

'l'nrt ....... . 
Sour ....... . 

Consist-
ency of 

w~n fi~\ecl 
November 12 ...... 513.12 .J/10 25.98 -12.37 9.7 1.289 7.52 5-t 3.9:l •l.256 \ 8,176 0.921 Y ...... . ~~;.::::~:i 26 :::::: 561.:11 7/3~. --~~·~'. ... :'~:~~ .... 9:~ .... ~:~~'. . ... ::~~-..... ........... ~::·~~.' :::::::: :::::::::: .~:.":·::::: 
Jflnuary 2 ....•. 1 ·187.62 7132 25.76 ·13.81 9.2 1.096 8.39 60 3.36 2.5516045 1,317 Y ...... . 
Jn.nuRry 20 ······\. 521.r~1 0,32 no.2-1 .1Q.tJO _.9.10 1.007 9.03 57 3.Go 2 •. 0.s 5.737 1.773 \Y.S.G:r. ·fart:::::: ::1 ·i-"1Hc;c··· 

Avero.ges for tile [ 525.08 7/32 26.74 ·11.88 9.50 1.210 7.85 i58 3.G;J 2.896 G.699 1.2GO \ 
sen.son 

---·-- ----- . 
Date picked g,~ § 

0 "" t:.o 
~::!: 

•a =-.!<:,!,! .. 
~'o 

" ~::: :..:;; :::• 
§a) 
Oo ~ra 
:i,..· ..... 

Oelober 28 ...... .. •119.89 6/lG .~.5·1 20.03 
November 12 . .. • .. •• •116.71 !l/32 29.93 39..16 
November 26 .... .... 393.66 3{16 2-t.30 -12.35 
December. 2 •••. .... ,102.57 9t:J2 32.73 ·IO.·H 
January 2 .•.. ... . 394.Q.\ i/32 20.:n 43..12 
Janu11.ry 20 ... .... ,HJ8.9fi 7/32 30,58 37.(il 
JrebrnRry !H .... .... ,JO,) •• JO 3/16 26.11 ·17.J:{ 

A\'eruges for the j H8.76- "81a2 - 2s.01 l~I 

'J'AULE 38. 
'l'REE No. 16-DUNCAN. 

A .. •" ·= oO ,.. 
10 9.1 
10 7 
10.2 
10 2 
10.0 
0.8 

10.7 

i-o 
:..'8 
,:; d 

1.5:rn 
i.:mo 
l.•l,'l5 
U59 
1.:m1 
1.2S.I 
1.182 

10.36 I 1.36!) 

0,,,2 
o,c, • :_::::::;<::l 
d00 

:'.l::;"' .... 

1.12 
7.86 
7.00 
7.00 
7.65 
7.63 
9.0,) 

1:, 
d 

-t,"' 

77 
(j;j 
so 
i2 
i8 
G9 
72 

I I i I -· ' -~ 
>c ,:;,,, 

·a:or 
2.07 
J),!1'.1 
3.88 
4. 75 

0 a 
" 

ow 
?[;; 

I 

a.8ro .. 1·.Gs.i. 
.. 2:6s13 \' · ·(.887. 

2.Ci20 fi.589 
2.340 1 (i.3J.I 
2..131 ' G.310 ---,-----·---,---

7.56 731 3.031 2.782 i G.7i 

'- .8 il: 
0~ .. 0 
Ood ,_, 

·.'. ().779' 
1.-161 
1.615 
1.9f1.~ 

uo1 I 

Color 

0 

q. :-;, . )-'. 'l'. 'l'\~rt 
1. (,. r ..... {!, .S. Y. 1'. St:,i~ir 
C, ••••••••••• 
8. \' ...... .. 
8. Y ....... . 

'l'nrt 

Couslst-
ency of 

cells 

Fil,\ed 

"' en 

'< 
0 

,. 
t< 
0 
>,j 

8 q 

"' t:i 

" "' ,. 
"' 8 
C' 
@ 
'.Zi 
8 
0 
>,j ,. 
gJ 
H g 
t< 
8 q 
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Date picked 

TABLE 39. 
Individual Tree Record-Continued. 

•• ·~ ·---•• '". 

SEASON J01S-J9UJ. 
'l'ltEE No. 17-DUNOAN. 1 

I ;, • 0 ,,,:s! " -a • ·~· d .. ·~ :;:.::::d "• . " ~"8 I I:;; '"d ooo "·- .. H 

" d 

" 
• ;; 
" 

" -= d" 0::: '". 
'o;,,~g 
~::::::::: 0::...,,,,,,, 

Uolor ; 
d .. 

Consistency 
of 

cells 

October 28 . . • . . . Fruit too green to be plek.ed at thisd11te; ripe fruit had already been picked. .. . , .......................... , .. 
1 

....... . 
November 12 ...... 275.00 4116 36.00 28.571 10.BO 1.738 5.92 80 3.62 I 8.421 7,2"22 !.OS8 G. r. ...... Sonr 
No,·ember 26 •..... 381.10 7z32 28.22 36.2b 10.50 1.ll63 6,23 80 .................................. G. S. Y. 'l'. " 

. iiiii-(1 dfj,." .... · · 
Partinll>' filled 
Fl!)ed December 12 ...... 435.73 5Jl6 2l.60 83.79 10.55 1.73g 6.08 ? 3,19 8.050 6.-102 1.0-15 G .......... . 

January 2 ...... 396.00 7(d2 26.'18 38.46 , 10.55 1.559 6.76 78 8.58 3.760 7.539 Q.952 G. Y ....... . 
January 20 ...... 402.57 4/lG 28,20 82.05 10.45 1.732 6.03 70 8,73 2.784 6.609 l.B!H , .......... .. 
February 24 ...... 453,60 4716 35.55 26,66 11.70 J.,174 7.937 62 4.79 2,7.15 7,68 1.935 G. Y ....... : 

Averages for the 382,66 1,,1 29.3·1 32,63 I 10.67 1.683 6.3:J9 74 J ll.782 3.142 7.088 1.206 
season ---·--·. ---"-~·-·- __ ·---·-·· 

'l'ABLE 40. 
·rREE No. 18-DUNOAN. 

Date picked 
i:,-•" ~i 

;; I - I I 
;; I~-~ I • ~<l,) ~'O 

I 
~-• • .~. • •o •• •• ·- OS, ~-; t~ '"':g -- -- ~(8 ·= oO .1:• '"~ '". '" 0 "·- ~· ;I• 

" d 

" f;; 
• 0 
8 

-~ ~" oo :-1,:r, 

.... .B <l,) 

0--;:::'"'::3 
C ,v d'"' '.:'i \:- en,:;, 
di:l::: = ::::.-"'"' 

Color Taste 
Consist-
ency of 
eells 

----------! I 1---1---1---1---1--- - 1--,--1--1 I 1---
October 
November 
November 
December 
January 
January 
February 

.......... . u ........... . .. : ••....... 
''··········· 

2 •••••••••••• ro ...........• ........•... 
Averages for the season 

438.04 
551.20 
-152.17 
501.77 

29.82 41.$9 8.H 1.173 7.195 77 ............... . 
28.46 .U.31 8.55 1.111 7.600 50 2.95 4.108 
25.85 ,JI 55 8.30 1.117 7.430 5.1 6.27 2.212 
26.78 45.35 8.50 .... .... .... .... 6-1 2,99 2.407 

.......... 

1 

25 oo 40.56 a.s5 o.9712 s.oro 57 2.116 2.12s 
388.66 28 4S •1215 8.25 0.9619 8.576 56 3.18 2,421 
"184.78 26.08 .. • . .• .. 8.50 0.911 9.330 65 8.80 1.720 
494.48 27.14 It:, 42.61 8.41 I.OH 8.07 60 3.59 2.598 

"7:!H6' .... O:;is· 
........ 2.848 

5.5:!9 1.2-12 
5.229 0.866 
5.629 Ull3 

2.209 
6.825 1.381 

G,S.Y.T. 
S.Y ...... . 
~& ..... . 
G~ ...... . 
&~ ... ,. 
G.Y ... , ... . .. 

A little sour\ Well tllled 
Tt1rt.... ... '' " 
·ri11tie·soiir 
'l'.~rt .... 

1 Evidently this tree was pickcrl 1wriodit•nlly hy the plnntntion owners, so tlrnt the fruit left wns nlwnys unripe. This t!'C(' lrns not lJf'en u~Nl in 
the computation of avcrnges. 

8 

z 
ta ;n 

"" "' 
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The average seasonal changes of the fruit during this season was 
calculated 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 Fruits. 

Sampled from six different groves, and analyzed immediately after picking 
(One of the tr('es included in these a,erages was }.[a1·sh's Seedless.) 

. " 
SEASO~ 191S-191fl-Drxc.\X. 

- -----------------------------
I "' 1' !! <',,) .... .... <',,) -a .... tll .... o 

Date picked 0 · t: ~] g:g'§_ - i~ 
fE t-~ ~is i~ l fg2 .5;;; !N 8 :;;;£ 

0--,,-o-be-,-,-,-. ,-,-18-.-.. -... /-.,-oo-.o-9 25 91 38.46 9.87 1.3181 7.509 3.312 ..................... .. 
November 12, HllS .. 608.31 26.68 •ll.72 9.44 1.202 7.893 -1.Q.10 S.456 Cl3 oJ)i 
November 26, 1918.. 474 31 2.J..91 -12.93 9.25 1.200 8.820 1.960 5AOJ 2.66 u: 
December 12, 1918 ... 4i6.00 28.19 4•1.38 9.34 1.218 \' 7.025 3.2B?i ~-8~3 2.§3 1.1.' 
Jnnuary 2, l!IU) .... 468.9 2-1.83 ,J2.00 9.16 1.060 8.FOS 3,w40 o.980 2.06 1.2 
Jn1mn.ry 20. 1!119 .... 50!U7 28AO 40.00 9.89 US7 1 8.366 S.520 5.828 2.26 1.5, 
February 24, 1919 .... ,182.67 26.38 .J5,40 9.76 ~\ 9.948 9.D:!O 5.996 2.15 

Avernges for the ,JSG.05 26.47 45.25 9.387 1.164 \ 8.06 I 3.2981 6.07812.64 Ui season 

1918-19)0. 

DISCUSSION OF RESULTS, 

~·\:;; in the previous seasons the results as presented in this ::;, 
of tables will now be discussed by topics, and the coincidences, , 
WPll as the disparities existing between this season's results and tho: 
of previom.:; seasons duly pointed out. 

DUNCANS. 
1918-1919. 

Weight ancl size.-Both these factors show considerable fluctu 
tion, and no definite tendency to either increase or decrease regular 
throughout the season. The correspondence of larger weight 
smaller juice content in frni~s of the Emme .size is again noticeal 
here. 

In tree No. 12 the samples picked on October 28th and Noveml 
26th both 0£ size No. 54, show, the former 30.82 per cent juice a: 
a weight of 575 grams per fruit and the latter 44.1 per cent ju: 
and only 541 grams per fruit. 
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In tree No. 13 the samples picked on November 12th and Novem-
ber 29th, both 0£ size No. 54, show 40 per cent and 43 per cent juice 
respectiYely, and their corresponding weights per fruit are 615 grams 
and 542 grams. In the same tree in the samples picked on October 
28th, December 12th and Jan nary 20th, all 0£ size No. 64, the highest 
W('ig'ht prr frnit is sh01n1 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 0£ the three. 
her 26th, January 2nd and .January 20th the rule does not hold. 
This is the first exception 0£ significance encountered. 

fu tree No. 16 the samples £or December 2nd and February 24th, 
both No. 72, have weights 0£ 402 and 405 grams respectively, with 
.iui<-e 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 cent juice and 333 
grams per fruit. These constitute other exceptions. 

It is notieeable that in the last three irn,tance in which the regu-
larity which had been observed so far does not seem to hold the 
fr11its are all ven' small fruit. Nos. 72 and 80. 

Per cent .iuicc.-With the ,,xception of tree No. 14. in all other 
irn,tances th<' per. rent jnit'.e increased as the season advanced. The 
inc1·ease is also shom1 hy the table of averages No. 41. In this table 
the lowest average was £or the samples picked on October 28th, 
which ,Yas 38.46 per cent, ,vhile the highest was shown by the sam-
ples piekecl on February 24th, which was 45.40 per cent. The aver-
age of all trees £or the season was 42.25 per cent, considerably higher 
than last season's which was 38.97 per cent, but still lower than that 
£or the season 1916-1917, which was 43.57 per cent. 

Pei· 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 ,vith the observations made during the season 
1916-1917. 

Thickness of skin-.-This may "he considered constant, with fluc-
tuations. Observations coincide with those for the two previous 
seasons. Average £or the season £or each tree usually in the neigh-
borhood of 1/{'. 

Pe,· cent solids in juice.-In tree No. 12 there are alternate de-
creases and inc:i;eases among the succeeding :fignres, and aII but two 
figures, as wen aR the average, are lower than the first. 

In tree No. 13 there are three increases and three decreases, com-
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paring each figure with the one immediately preceeding and immPdi-
ately follmving. rrhe average is also lower than the first figure. 

Tree No. 14 show8 four decreases and one increase. Average 
lower than first figure. 

Tree No. 15 shows a continued decrease, except for the last figure. 
'rree No. 16 shows up the same as tree No. 15. 
In tree No. 18 alternate increases and decreases within narro,Y 

limits are observed. The average 18 practically equal to the first 
figure. 

'rl1e table of averages for all trees for the whole season No. 41, 
~hows the fluctuations noticed among individual trees, "·ith a marked 
trndency toward th~ decrease. 

The above observations sho"· a tendeney of the solids in juice to 
cfo(·reas(' during this season. 

This is not in aecord with observations for the two previous 
seasons, when the solids remained practically constant but with slight 
tendency to inerease. This may be explained on the ground that 
this fruit was ripe from the start, and the differences noticed are. 
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 Januil.ry 2nd, and the 
highest 9.87, on ·october 28th: This is higher than the average for 
any of the tvrn previous seasons. 

Pct cent acicl.-A mere glance at the figures for acid shows that 
this factor gets consistently lower as the season advance8. The iu~ 
creases are very exceptional

1 
five cases only being observed during-

the whole season among all the trees. All averages for individnnl 
trees are conRiderably lower than most of the pereentages obtainC'cl 
in the suceeeding elates they represent. The table of aYerages 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 Jo,1·est was 0.961 on Februar)' 24th. 
and the total average was 1.164. This total average is lower than the 
avC'rages obtained on any of the dates exeept two. 

These observations coincide with those for the previous two sea-
sons. 'I'he highest averages almost coincide in all three seasons. 
being 1.36 in 1916-17, J.:l47 in 1917-18, and 1.318 for 1918-19. 'l'his 
also shows a continued decrease from season to SC'ason. The lowC'st 
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arerages 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 1.16+ 
for 1918-19. The figures for this season, then, are the lowest. How-
fl'er, in general the agreement is remarkable. 

Ratio of solids to acids.-In spite of the fact that the solids 
shmred a slight tendency to decrease during this season1 the ratio 
of solids to acids has increased. This proves that the solids increased 
to a certain extent, but failed to increase proportionately so that their 
percentages fell off a little. However, the proportion of the acids 
,ms so much lo"·er, that the ratio of the former to the latter appeared 
greater on succeeding dat0s. 

Per cent sugars.-An examination of the tables for the individual 
tree records does not reveal any marked 1·egularity in the change of 
the :;;;ngar content of the fruit. They rather shovi' a marked tendency 
on the part of sugaTS to be constant, 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 maturit,v 
when the first samples were taken. Furthermore. the averages £or 
the individual trees ( see table 42) var,1· between rather narrow limits. 
'!'he total sugars ranged from 5.854 for tree 12 to 6.879 in tree No. 
H. Cane sugar varied between 2.38 in tree No. 12 and 3.01 in tret' 
No. H. and invert sugars between 3.20 in tl'ees No. 14 and No. 13 
and :J.845 in tree No. 16. 

Table 41 showing the aYerages of all trees for the different dates. 
however, shovi· something different. 'l'he total sugars may be taken 
as eonstant, but there is a clear, steady decrease in cane, sugar, and 
n very perceptible tendency to increase on the part of invert Sugar. 

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

RELATTOX OF PTIY8fCAL CTTARAC'rlBRTS'f'ICS TO RA'l'JO OJi' ~ULlD:0:: 
'l'O ACJD. 

Turning no"· to the observations made on color, taste, and con-
sistency of cells. In tree No. 12 the ratios were all above 8, the sarn 
pies "·ere all more or less green, with the exception of the one picked 
on December 12th, the taste in all cases ,vas designated as '' tart 1 '' 

and the cells were all well filled. 'l'his fruit showed all the charac-
teristics of a perfectly mature fruit except for the color. Nolie,, 
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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T,·ee No. 13.-All samples showed green more or less. The green-
est looking fruit was that picked on October 28tb with a ratio of 
nearly but not quite 8. The taste of this saniple was rather bitter, 
showing that it could yet improve. However, its cells were filled 
ancl juicy. All other samples picked from this tree were tart in 
taste, and hacl well-filled juicy cells. Again we see that although 
the color was fairly green, the ratio ,ras way over 7, very nearly 8, 
from the beginning,, being over 8 in all inRtancPs except the first. 

· Tree No. 14.-In this case we have two samples, picked one on 
Dee ember 12th ancl 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 hacl their cells well filled, showing that they were fully devel-
oped, yet they could not be considered as good to eat; however, their 
ratioR were over 7 and very near 8. This shows that the ratio o-f 7 
is reached before the fruit has reached complete maturity for tlns 
variety. 

Tree No. 15.-Notice the first and the third samples picked on 
Odober 28th ancl November 26th respectively. The first sample 
had not quite reached 7, altl;ough it might be passed as having a ratio 
of 7. Its color was mostl? green. having only a. yellow ting£'. and its 
taste was bitter and sour. Thh.; fruit evidently had not reached 
maturity and was not fit to eat. This shows that the Duncan fruit 
does not mature here before reaching a ratio of 7. The fact that 
its eells werr wrll filled only shows that it was approaching maturity, 
all(l that the limit of maturity lies somewhere between the ratios of 
7 and 8, and that therefore 7 is the minimum limit allowable. fo 
thr se-eond instance tlw frnit 1.vas yet rather Rour, although the ratic 
\Y_as nearrr 8 than 7. 

T,·ee No. 16.-The samples picked on November 26th, Decembe1 
2nd, .January 2nd ancl January 20 th vary in ratio between 7 anc 
7.65. In them all, the green color predominates, the first two bcin, 
almost entirely green. It may be noticed that the first two have , 
ratio of just 7. Their cells were fill eel, but not to perfection. thn, 
lacking another sign of maturity. All of these samples were som 
So we have that the color, the condition of the cells, ancl the tast, 
of the juice, all bespeak an immature fruit, yet their ratio was no 
below 7. This proves that this fruit cloes not mature before a rati, 
of 7 is reached. 

T,·ee No. 17.-No sample from this tree except the last shmrn : 
ratio of 7. This is clue 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. For 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 except the last were very immature. This 
is another instance where fruit ,vith ratios below 7 have shown them-
selves to be u!'fit for consumption. 

T1·ee 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 ,vas 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 
an' ,,·ell over 7. 

To swnniarize.-There has not been a single instance where fruits 
with a ratio of less than 7 have shown signs of matnrity 1 regarding 
as such the color, taste, and consistency of the cells. That is, ever,' 
fruit with a ratio of less than 7 has h.een found to be immature. 

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

The divisory li"t?-e between mature and immature Duncan fruit 1 

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 elates 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 a.ll, 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 perfect state of maturity. 

001IPARISON OP 'l'JllsES. 

1918-1919. 

The mean composition of the fruit £or the season £or each separate 
tree, is given below in-



'.l'.\Bf,E ,t::!. 

Showing Mean Composition of Grn.pefruit for the Season for Each Individual Tree. 

DUNCAN-SEASON 1918-191D. 

'l'ree No. 

. k I ·- 'o d 

~i~] • •o ;; C 'o ,,,~ " I Ratio of 
;/ ~:g j~·;,§ Sci 0 .:::; k ;;: j Invert • •• "• oc •• 'O. ,,b 0'0. -o 0 ~ugnr to m- ... .. -- 0 tn 0" ~t~& .. 

~'o "'lJ <l);: 0"" k- :::·; -s·s dOo a• 0 sucrose ,_ ·= ,=:ci> 0 ~· 8:."' ~""''° t:IJ 
p. . .., 5i . .., ,- .,-- £-<"' 0 --- --- --- --- --- --- --:--- ----

10 

J!!(!:!H/!!HY!!/iH/!:H 
58-1.7 ,19 1/ I 2·1.H 28,653 .IQ.97 S.80 0.997 8.82 3.!H7S ' 2.382 I uos 523.5 69 trl 2:i.:13 36.121 •l2.% 8.61 L .031 8.3.5 3 2000 ,_9_,, I 2.5!)0 1.235 
386.8 n 11a2 27.05 28.2!0 41.23 10.26 1.226 8.36 :t 7100 6.879 3.0IO 1.235 
525.0 58 7132 26.74 30,15-l -11.88 !!.50 1.210 7.85 a 6300 ti.699 2 81J6 1.2(i{) 
418.7 73 lj-1 28.07 30,868 ·10.0l 10.:rn Ulfi9 7 ,56 3 G300 6.770 2.782 1.30-1 
382.6 7.J l]"l 29.31 28,~16 32.63 10.67 1.683 6.3-1 :J.7810 1.oas I 3.142 1.206 ·Hl·JA 60 27.H :W,655 -12.61 8..11 1.011 8.Q7 3.5900 6.325 2 5!)8 1.381 

1 'l'ho samples picked from tliis trt>e were all of immuturc fruit, as Uw plantation people pi(•k(•d 1he fruit ns it mntured, i,;n that ouly unripe 
fruit wns left on 1h,:, trt'e. l~or this reason tliNw figures were not included in the avci·ni;cs. 
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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 16, 
had mtios 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 correspond 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. Excepting 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. It also had 
a higher percentage of skin, acid, and soluble solids, and a ]owe,, 
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 picked was immature. These re-
sults suggested a number of considerations1 chief among which was 
the one that most of soluble solids, acids included, 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, howeve1·, 
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 tMte. 
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Sample No .. 1 was squeezed and the juice obtained used for the 
tests to be described, 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 calculated 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: 

Size of fruit ............ , ...................... , .. . 
Thickness of skin ............................... . 
Per cent skin .... , , ............. , . , . , . , ....... , , . , 
Ptlr cent juice , , ... , .. , , .... , , .. , ..... , . , , ....... . 
Solids in juice .. , .. , .. ,.,, ......... , , . , , ........ . 

t:sroe~t~ci\is·to a'Cid :: : ::: ·.::::: :: : : : : : : : : : : ·,::: I 
I 

Sample No. 1 Sample No. 2 Sample No, a 

3-5116 inches 
diameter a,s inche 
diameter 

52.63 
21.53 
10.68 

1.416 
7.5 

3,1 lnehe 
diameter 

l12inche 
diameter 

·18.33 
11,87 
18.06 
'2.23•1 
7 .30 

3·5JI6 Inches 
diameter 

9z16 inches 
di11meter 

58.82 
5.01 

27 .63 
2.928 
9.4 

The sugars present in these samples may lie 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 OJ. no estimate of the negligible reading given by the 
first. two samples is presented. These fruits must have been from 
3 to 4 months old. 

After deleading the clarified _juice with sodium oxalate, inverting 
"ith 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 gaw 
copious precipitates when treated with an alkaline copper sulphate 
solution. Calculating the reduced copper to invert sugar, we oh-
tained 24.3 per cent for· sample No. 1, 17.44 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 inversion of the sucrose accumulated 
hrgins. 

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

rrhe figures further shmv rather conclusively the follmving points: 
1. 1Iost 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 
thp (lpwlopment of the frnit. 

From the ahov(' obserYations taken together with the other data 
nt hand the conclusion may be reached that at maturity the formnM 
tion of solids stops, the ,juice alRo stops increasing, the percentage 
of skin and the percentage of add diminishes, the amount of total 
:,ugars remains constant thereafter, 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 wonl,l 
-rec1uirC' furthel' "·ork, more detailed in character, to ascertain the 
frnC' Hature 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 juiee 
equal to 7, and that their matul:ity occurs when this ratio or some 
highC'r ratio iH ohtainC'd. ThC'rC' is a possibility, ho,,·('YC'r. nf the 
l!Iarsh 's SeedlesR coming to maturity with a ratio lying between 6.5 
and 7.0. 

COl,ll'AHISOX OP YAHrnTrns. 

For the purpose of illustrating the comparisons ahont to be made 
of the three varieties of grapefruit tested, three tables are given 
8howing the mean composition of each variety on approximately 
<'Oincident days of the succeeding years. 

These tables were constructed in the following manner: For 
eaeh variety the analyses of all samples picked on the same or ap-
proximately the same day of the month in each month from Sep'-
te-mber to February of the different years involved. ,Yere averaged 
to l't:'present the mean composition of the fruit on the specified day 
and month. Vlith these data a table was constructed for each n1-
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 frnit 
for the total time of observation was obtained. 



T ABLE 43. 

Showing Biweekly Analyses of Grapefruit from Two Diff erent Groves . 

'.l'RIUMPH -Senson 1916-1917. 

Dat e pic ked "~ '-'>.c """ ... _ 
"'" ~t,.,. ..:~ 

" M 

" ... .,, 
" " <-;; 

... 
" p. 

~:o tn l:.;.n·,.. 
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September 22 .. .. . .. .. . .. .. .. .. .. .. .. .. .. • .. .. . . ... : .. . 832. .. ................ 31.35 2,1 ~5 9.80 1.08 9.0 
October 6- 6 .. .. .. .. . .. .. .. .. .. .. .. . .. . .. .. .. . .. . .. .. . .. 429. 80 84,320 82 41 28.87 9.60 1.04 9.2 
October 28 .... ....... ... ................... ........ ... 3IO. 64 21.760 30.88 Sl.31 9.i l> 099 9.5 
November 3 ........ .......... . ..... .. .... ...... .... 3~.5 !JO 35,505 26.47 13.92 10.10 0,92 10.9 
No..-ember 21 ...... ......... ...... ......... ...... ........ 324.6 82 26,609 23.64 35.U JO.IQ 0.91 IL.I 
December 8 ..... ....... ........ . ..... . ................. 400. 92 36,807 28.29 35.57 U.!O 0.86 11.15 
December 29 ............ .... ...... . ........... .. .. . ..... 388.5 82 31.850 25.39 358~ Jo30 0.73 14.l 

-... ..... 
~;; 

.- -
2.03 
2.4-1 
3.18 
2.81 
3.58 
2.77 
3.42 
3.50 January 19 . .............. . .. .. . .... ............ ...... 405.0 66 26 .7a0 32.57 S5.12 10,20 0.76 13.4 

F·ebru&ry 19 ......... ........ .. ......... , -- . ......... ~- -5 4_

1
~ 29.66 

A ,erages for the season .. ...... . .. . .. . . .. . . .. . . . .. .. . 387 .16 761 30,024 29.10 32.41 9.!72 O.~~; I 11.12 

3.60 
·- --

3.126 ·---
Rate of cb1mge ...... ..... .... . ..... . . .. . . . . .. . . .. .. • . .. .. .. .. .. .. .. . . .. .. ... .. . . -0.0577 0.679 -0.03331· -0.0422 r ..... 0.0633 

... 
d 
M 
::, 
"' _ ;;; 
"' "'"" ;.; - ::, 
C,) ~., 

- -- ---
4. 04 7.100 
3.92 G.568 
319 G.539 
3.54 G.587 
2.39 6.000 
3.95 6.929 
2.81 6.S79 
2.85 6.500 
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TABLE 44. 

Showing Average Biwee kly Analyses of F ruit for tne Seasons 1916-i9i!t 
MARSH'S SEEDLESS. . .; 

"' ., :::. .,, .. a "' t>~H8 -;; -;; .. .. 
'- "" .. " "' " Date picked I "".c., "' bo.::l O c::S "' .,., "' 
o ., _ ..... 

. ;:~~ "ii:J.OM °',,:; o,,:;<..> ...... ... ., ~i~: "'" <.le:> "'- "'"" 
__ ., .,.,. .,., .,., .... - ... - ... - ... - ~Oo .. ,, 

;:,E! 
.. _ ""' °'" .,o .,u 
<"' --:~= l'4., p.,~ P.."' "''" 0: rn- " "' H --- -- - --- --- --- ---

Sept em ber 21-2 3 ............................................ 556.6 41 22,775 30.195 4l.84 6 8.465 1.236 6.86 3.50 
October 3-6 461.0 55 25,359 28 520 42.2 10 7.945 1.246 6.S8 2.77 
October 20 25 :::: :::: :::::: :: ::::::: :: : ::::::::: : :::: :: :: 496.2 60 29,771 28.435 40.190 8.355 l. 2S8 6.76 2.62 
November 3-17 ... ....... .... .... ......................... 469.9 58 27.25-1 28.045 S9.210 8.3 15 1.175 7.07 S.01 
Nov ember 21 .. .... ...... .... ....... ... ....... ...... ..... 476.0 56 26,695 27.440 49 .350 7.831 ·1.067 7.34 S.20 
Decem ber 8-10 .............................. .. ............ 559.76 63 29,667 31.475 42.676 8 830 1.109 7.61 2.59 
December 20- 29 .. .. .. . .. . .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. . .. 539.0 55 29,645 33.S LO 46 610 7.900 1.062 7.44 2.96 
Je.nue.ry 10-20 ... .. .... ................... . . ..... .. ....... 550.5 64 29,727 26.575 42.810 8.805 1.195 7.S7 3.54 
February 9 ............................................ 493 0 61 31,552 33.100 <16.970 7.600 1.060 7.17 3.67 
February 24 .... .......... ....... .............. ......... 534.0 56 29,90,l 29.140 49.900 7.200 0.950 7.68 ........ 

A vernges for tbe season . .. .... .. .. .... ............... . I 510.56 55 28,234 I 30.67 I 44.06 8.07 1.134 7.12 I S.079 
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TABLE 45. 

Showing Smnmary of Biweekly Analyses of Duncan Fruit for the Seasons (1916-17, 1917-18, 1918-19). 

DUNCAN VARIETY. 

'.ll " 
1';,lo /;, - . -· . .... 3a> 11, 

Date picked I g,,,~ o• 0 .,,:s o- ;; .... :;; §:E; Ot:,.. 
~"1 I g O g g c.>'.E.:, •• o~• ·"" d 

::;::::d ••• odM •o- 0 <D d,.. "• :::: t:. b)(.l 
~:g I ~-a ~O::: dOO '"'0:::i l~:i d i::l::: !:l ~. 

-<:"' l'.l."' p,, ... o.•- ,.. oa•- ,.-. ~-"' :i::-"'"' '<.;, 
---------

September 21-25,,, .••.•..• , ......•.•••• , ..... , •..•. , • , , . , 597.85 26.62 39.98 8.68 1.359 6.B9 3,010 5.358 2.23 1.35 51 
October 4-6 , ......... , •....•...• , . , ..••.•..•........ 573.'16 26,89 42.18 8.81 1.31H 6.61 2,880 5,510 2.25 1.28 67 
October 25-:?8, ..••.... , , . , , •......••••..• , . , , .•.. , , , ... 555.84 25. 77 -41.00 9.09 1.267 7.17 3.147 5..174 2.21 1.42 68 
November B-17 ....................................... ,,, 652 53 25,77 •10.10 9.H 1.193 7.66 3.340 6.390 '·"' 1.15 5' 
Novemb~r 21-26 .......................................... 528.15 25.59 -13.92 8.92. 1.210 7.37 2.000 5 220 2.30 1.22 63 
December 8-21 .• , ... ,,,.,., .•..• , .......... , , • , .•. , ...• 552.-12 27.67 42.79 9.21 1.173 7.85 3.118 5.476 2.2.1 1.39 63 
December 29 to January 2., ............................ 566.95 26.::0 48.9,1 8.99 1.093 8 22 3 310 5.658 2.23 1..18 59 
January 17-22.,, ..•.••••....•..••....••..•.••••...••••. 659.05 27.08 ·12.33 8.97 1.174 7.6-1 3.280 5.407 2.02 1.02 67 
February 15-24 .••....••.•.•.••••.•...•...•.•••...•...•.• •182.57 26.38 45.,JO 9.76 1.961 9.05 3.930 6.194 2.15 1.83 62 

--- --- --- ----~~ --- --- --- --- --- --- ---
Averages for the sen.son ..... , .. ,,,., .... ,.,, ....•• ,, 552.09 26.51 42AO 9.06 1.196 7.07 3.201 l.i.603 2.281 1,,10 50 --- _",_ --- --- --- --- --- --- --- ---
Rates of changes ....... , , ... , . , , , . , ......• , •. , ... , , .. ........ ·0,0377 0,602 0,010 ·0.0464 0.395 0.102 ·0.0920 ·0,01 . ......... ........ 
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RA'l'E A'l' WH I CH FRUIT REACIIE D TIIE LEGAL RA'l'IO OF i 
(RATIO OF SOLIDS TO ACID) . 

.All of the triumph fr uits sampled always showed a ratio con-
siderabl y higher than 7, even though picked quit e early in the 
season. The lowest average r at io noti ced was 9, on Septembel' 
22nd, when the first samp le was picked. .At the earl y date already . 
100 . per cent of th e fruit had a ratio of solids to acid higher than 
the legal ratio of 7. The highe st ratio was shown by the sampl e 
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: 

T ABLE 46. 

Showing Rate at Which Fruit Approached the Legal Ratio of 7. 
TRIUMP H VAR I ETY-SEASON 1916-1917 . 

l>fontbs and dO)"S 

eptHm ber 22. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .. 
Oct ob er 5-6 . . ...... .. ..... . ............. . ........ . 
Octobe r 23 ..... ' . . .. .... .... .... ........... .... . . 
Nove mb er 3 ........... ..... .... . ...•.. . ......... 
Nove mb er 21 ...... .. .... .... ... .... . .... . ... ... .. . 
December 8-9 . . . . . . . . . . . . . ... . .. .... ... . ... ... . . . 
December 29. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .... . 
.January 18 ....... . ............... . ............ . 
l~ebrnary 8 .. .. . · . ..... ... .. ..... .. ... ..... .. .. . 

A,ernge 
rntlo of a.II 

samples pick ed 
within days 

noted on pre-
\'lous colum n 

9.00 
9.20 
9.50 

10 .90 
11.10 
11.1 5 
14 . 10 
13.40 
13.5 7 

Per cent 
of sample s 

found to ha ve 
a ratio of i 

or more 

100 
100 
JOO 
100 
100 
100 
100 
100 
100 

.As seen from the table th e development of the ratio may be 
divided into thr ee periods, for this fruit. From Septemb er 22nd 
to October 23rd, the r atio varied very little , the ma ximum range 
of variation being only 0.5, and the average ratio for the two months 
being 9.23. On November 3rd the rnt io increased to 10.9 and st a.n,,l 
there pra cti cally another period of two months during which tl1e 
average ratio was of 11.05. Th en on December 29th , the rato jump . 
ed up to 14.J 0, the highest r ati o attained durin g the seaso11. aftcl' 
which no more incr eases were noti ced, but rath er slight decr eases, 
ending two month s lat er with a ratio of 13.57, an average of 13.69 
for the period. This fruit reaches the highest 1·at ios of all , rea ches 
the lega l ratio of 7 the earlie st of all , and its ratio i~cr ease. at 
the fastest rate. 

The opposite extreme is suppli ed by the 1\Iar sh 's Seedless variC'h· 
Not ice th e table given below: 



TABLE 47. 

Showing Rate at Which the Fruit Approached the Legal Ratio of 7. 
MARSH'S SEEDLESS VARIETY. 

A,ernge ratios of all samgles Per cent of se.mrles found picked within days note ,in 
previous columns to ban! a ratio o 7 or more 

Months 11.nd dn.ys 
Season Season Season Season 
HH6-19li 1917-HHS IV16-Hlli 1!.Jli-1918 

October 21-25-, ..... 6.i4 6.82 33.3% 50,., 
November 3-21 ....... 7.09 7.31 80.0% 66.6~i 
December 8-29, .•.. ,. 7.·!5 7.55 100.0% 100.0 
.January 18-24 . ..... 7.34 7,39 100.0% 100.0 
February 9-24 ....... 7.34 .... ......... 100.0% ............. 

:\Iaximum range ... 0.71 0.73 . .. ., ... .. ... .............. 

ThP maximum range of Yariation in ratio during the season was 
0.71 for the season 1916-17 and 0.73 during the season 1917-18. 
Th,, 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. 

}fean between these two extremes we find the Duncan Variety. 

TABLE 48. 

Showing Rate at Which the Fruit Approached the 'Legal Ratio of 7. 
DUNC,\N VARIE'fY-SE.\SONS 1910-1917, 1917-1918, 1918-1919. 

- --
Average ratio of all samples Percent of samples found to picked within da.ys noted In 

previous column haven rn.Lio of7 or more 
)[onths a.nd dllys 

- I Season Season See son Sea9on Season Season 
1916-lOli 1917-1918 1918-1919 1916-1917 1917-1918 1018-1919 

September 22-25 .•.. 6.2 7.28 ........ 0% 50.00% . ........ 
October 4-28 " . 5-7 7.24 7 . .H 16.6% 57.00% 100 
November 3-21 .• ,. 7.25 7.98 8.30 75.0% 71.40% 100 
December 8-20 .... 7.75 8.00 7,92 100.0% 100.00% 100, 
.January 2-22 .... 7,80 7.74 8,60 100.0% 100,00.%' 100 
February 24 ....... " ....... ......... 9.05 . ........ ..... " . I.JOO 

Maximum range .. 1.60 0.72 2,44 ········· ....... ········· 
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It is true that during 1916 to 1917 the legal ratio of 7 was not 
attai ned until November 3rd to - 21st, as in the case of the Marsh 
Seedless, but durin g 1917 to 1918, this ra tio was r eached as early 
as September 22nd , when alr eady 50 per cent of the fruit had at-
ta ined it. 'rh en aga in the maximum average ratios were higher 
for this fruit, and the ratio kept on incr easing for a longer period 
of time. The ranges are also wicter, during 1916- 17 and 1918-19. 
However, duri ng th~ two consecut ive seasons 1916-19 18 both va-
rieties showed 100 per cent legal maturity with in the same period 
of time. The. season 1918-19 is excepti onal, as it was the driest 
of all , and as no Marsh Seedless fruit was tested during thi s season 
no compar ison can be ma de. 

The r elation of th ese variet ies to each other in this respect may 
best be seen from the following tab le, ·which shows averages for each 
vari ety · for definit ed dates through th e consecutive seasons during 
which they were tested : 

TABLE 49. 

Showing Rate at Which :Fruit Approached the Legal Ratio of 7. 
A VERA.GE FOR AL L TH E SEASONS, 1916-1919 . 

. Per ce nt averages of fruit with 
Average ra te ratio of 7 or more on previou sly 

noted dates 
Dates 

Duncan Marsh·s J Triumph Duncan Marsh 's Triump h 

September 21-25 . . .. 6.39 6.86 9.0 (1)25. 00%' .. . ...... 100 
Octob er 4- 6 . ... 6. 61 ... 6.38 9.2 .. . ..... . . . . . . . . . 100 
October 20-28 .... 7. 17 6.95 9.5 57 .8%' 4 1.6% 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 2-2 2 .. . . 8. 13 7. 37 13.4 100.0 % 100 .0% 100 
Fe bruar y 9-24 .. . 9.95 7.3 8 13. 5 100 . 0% 100.0 % 100 

'For two seasons only, in 191 8 the · firs t sample of frui t was pi ck ed in October. 
Tests wit h the Dun can var iety have been carr ied for thr ee · sea.sons; with the 1\fn.rsh's 

See dless through two seasons, 1916-1918, and the Triumph for only one sea son, 1916-191 8 . 

1.'he maximum ranges as given by th is table are 4.5 for the 
"Triumph," 3.56 for the " Dun can," and 0.62 for the "Mars h. " 
The . maximum average r at ios attained within the peri ods specified 
wer e ] 3.5 for the "Tr iump h," 9.95 for th e "Dunca n " and 7.48 
for the " Marsh ." The " Triumph ," as already st ated , had a rat io 
higher tha n 7 from t he beginning . The Dun can showed the legal 
ra tio for the first tim e during the last week of October and the 
Marsh dur ing th e midd le two weeks of November. Both in thr 
case of the Dun can a,nd the Marsh 100 per cent maturity was ob-
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tained some timP during the Retond and third weeks of December. 
Kotice 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,"" Duncan,'' "Marsh." 

,\ecording to these results the date of legal maturity of the 
1 'Triumph'' comes at a very early date, long before September 
22nd, "vhile ma°st of the "Duncan" and the "n!f.arsh" mature some 
fonr during the month of Novcmbei-Xovember 3rd and 26th. 
ll,· llr<'ember all Yarieties show perfect maturity. 

Acids <tncl solicls.-It has been found that the ratio of solids to 
acich; and its rate of increase is greatest for the "Triumph," least 
for the d :i\Iarsh" and medium behveen these extremes for· the 
"Duncan." As this rate depends upon the rate of change of the 
solids and acids ,ve will take this up next. The highest percentage 
of solids in ::;olution is shown by the "Triumph," the next higher 
onC' by the "Duncan." and the lmvrst by th(" "l\Iarsh"; nbt only 
this, hut the lowest acid content is also shown hy the '' rl'riumph.'' 
Howrver. in th r ":'.Harsh Seedless" the percentage of acid is higher 
tlrnu in the '; Duncan. 1

' It appears then that the high('r ratios that 
ohtain in thC' '' Dnncan 1

' as compared with the '' 1Iarsh'' are due 
to the higher content of soluble solids, eonplccl with a lower acid 
content. 

>;my ai:,; to the rat($ of increase-. The rate of increase in this, 
as in all other instances was calculated by finding the differences 
hrtween tht> srn·<·<'rding fignres Rtarting with the first, and marking 
tliP <liffrr('lli'<'S, positiYf' or n('gatiw•, aecor<ling aH the figur<' that 
follmn~cl 1,·ax largrr or :cmrnllC'r than th<' one immediately preceding 
it with whic.ll it was compared. All thr positiYE' and negative dif-
ferrnces were added together and the difference bebveen the sums, 
found. This difference indicated, then, the direction of the varia-
tion. ·whether toward an increase or a decrease. ..As the periods of 
timC' hrtwef'n the 8lWCesive datrs werr practirall;v the same. this 
difference wai:, divided by the number of approximately equal 
periods covered, and the quotient taken as the mean variation per 
period. To illustrate, take thr column headed "Per cent solids" in 
tahle No .. -13, page 81. The suecesive differences are as follows: 

0.6 minus fl.S - -0.2 fl . .S minus 10.10 = -0.3 
0.4:) minns !l,6 - -0.1."i 10.3 minus 9.8 - + 0.5 

10.10 minus HA,)= + O.!i;) 10.2 minuf: 10.3 = -0.10 
10.10 minus 10.10= I) fl.,) miuns 10.2 = -0.70 
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The sum of the positiv e figures is plu s 1.15. The sum of the 
negative figures is - 1.45. The difference between the sums is -
0.30. As there were 7 approximatel y equa l intervals of t ime 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 represe ntin g 9 app roximat ely 
equal periods. Dividing , then, 0.30 by 9 we obtain - 0.0333. That. 
is, the solids in genera l decr eased at the rate of 0.0333 per cent every 
fifteen days (approximately ) . 'l'he figures so obtained will be taken 
to represent the rate of change of the different items. In the saine 
manner th e rate of change of the percentage of acid was found 
to b~ - 0.0422. As seen, th e acids decreased at a faster rate than 
the solids, thu s giving ri se to an increase in the ratios. Notice, 
besides, that whereas the decrease in th e solids occur s only at in-
tervals , the decrea se of the acid is continuou s and pra cti cally with-
out int errup tion . This makes the incr ease in the rat ios more marked 
still . 

, Tak ing now th e " Marsh's Seedless, " it ·will be noticed that both 
solids an d acids seem to diminish , but in thi s insta nce the r ate at 
which the acids decrease, 0.0316, is much lower than the rate of 
ch ange of th e solid s (- 0.141). Comparin g this variety in this 
r ·espect w.ith the '' Triumph '' we find that in the latte r the ra te of 
decrease of the solid s is only about three-fourths as a large as that 
of the acid , whil e in the former the solids diminish at a rat e which 
is over four times as large as that at which the acid decreases. In 
th e " Dun can" the rate at whi ch the acid decr eases,- 0.0464, is 
practica lly the same as in the " Triumph ," but th e soli~s show a 
sligh t increase (at a ra te of plu s 0.010) instead of a decrease. In 
spite of thi s th e rate of increase of the ra tio of solid s to acid in the 
" Triump h " is larg er . This may be account ed for again by th e 
fact that th e decr ease in acid in the '' Trium ph'' is pract ically an 
unin terrupt ed process ( only one increase of 0.03 having been no-
ticed ) while in the "Duncan" two in creases , one of 0.01 and 
another of 0. 06 occur. Besides , th e rate of decrease of the acid 
is sligh t ly larg er in th e ''Dun can.'' These differ ences in the rates 
of change of the solub le solids and acid in th e di:fferent varieties 
account for the ord er in which they come to maturity. · 

Per cent silgars.- The percent age of total sugars is high est in the 
1 ' Triumph,'' less in the ''Duncan'' and least in the Marsh; 6.568 
per cent for the first -ment ioned variety , 5.603 per cent for th e second , 
and 4.825 per cent for the last. Th e proportio n of total sugars to 
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total 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 '' l\f~rsh'' 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 "Dnnean" over the other hvo varieties 1 as regards 
qualit:v of jui('<'. rrhe staleness of tlw "Triumph n 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 
le8~ acid than the "Duncan." 

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 highrr 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. ,vith t1w "Duncan" always occupying the middle position. 
'l'his 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, ,vhile the "Duncan" 
again occupies the middle position with a content of 2.281 per cent. 
In invert sugar the three varieties were about the same, the order 
being 3.301 per cent for the "Duncan," 3.125 per cent for the 
"Triumph," and 3.079 for the "Marsh." 

TV eight a-nd 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 sma1lest average f,3ize, number 76; and the least weight 
per fruit, 387.16 grams. The Duncan and the "Marsh" had about 
the same size, nnm ber 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, 28.234 kgms. (62.115 lbs.) per box for the "Marsh," 
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30.024 kgms. ( 66.052 lbs.) for the "Triumph," and 30.9721 kgrns. 
(68.1"8 lbs.) for the "Duncan." This would seem to indicate that 
the differences in weight are a.ffected only very little by the va-
riety, and that they are mostly affected by the size of the fruit. 
This· stat ement as well as the fa ct 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 inclu sive 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 tli.e same. size for 
each separate month were averaged. The averages obtained for the 
most common sizes were as follows : 

Average Wei ght in Grams per Fruit. 

S ize September October November De cember January 

36 .... . ... . ............... . 
46 . . ..... . . ..•........... 
54 . . ... . . .... . . ...... . . . . . .. . 
64 . ... • .. . ... . ... • . . .... . ... 

823 
573 
573 
517 

682 
631 I · 544 
501 I 

833 
626 
562 
531 

761 
658 
539 
500 

· 680 

586 

The average weights of all the samples of fruit s 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 r esults are given below in 
tabu lar form : 

TAB LE 50. 

Showing Weight of Fruits in Grams pre Fruit by Se asons and by number s. 

1916-1917 1917-1918 1918-1919 A ve rng es for all 
tbree se a sons 

a a a a "' a El "' a a ., 
S ize of ft'u1t ::, ::, ::, ::, "' ::, ::, "' ::, ::, "' s '"' a "" a "' 8 '"' § d s t s :! e f:: ·x ... ·;; i:i ·;; :§ -;; i:i Q "' "' "' "' .. ii > " > .. .. " i .. 

< ... < ::a ... < ::a < "' "' -- -- -- - - - -- - - -- ---- - - - -
No. 36 .................. 1066 7l3 756 713 667 690 ...... ...... ....... 889.5 701.5 728.0 
No.46 . . ........ .... .. .. 766 e66 650 691.6 576.5 347.9 636 &56 596 697.8 566.1 631.3 
No. 54 .. .. ... .. ....... .. 658 409 554 585.8 463 0 l 548.3 615 452 545 619.6 441. 3 549.1 
No. 64 ............ ... ... 658 317 513 510.0 41~.o 469.9 564 417 483 577 377.3 488.6 
No, 72 ............ .. .. .. ...... ...... ····· · 424.4 391.0 408.9 405 405 403 414 .6 395.5 405.5 

These figures have all been obtained from average s 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 
arc as follows : 

Size 1916-17 1917-18 1918-19 
--------·------·-------- -- -- ---

it::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: lg} 
~t:::::.::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: ..... 

2 
16 
12 s 

,j 

3 
12 
9 
3 

'!'he 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. 

J11ice and skin.-In an varieties the juice increased perceptibly 
and the skin decreased very slightly. '!'he rates of changes, however, 
differed for the different varieties. The "Marsh" showed the fastest 
rate of increase of juice, as we11 as the highest juice content of all, 
1.274 and 44.06 per cent respectively. Next fo11owed 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 "Triumph" 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 sh-in and a. rate of decrease of 0.0037. '!'his 
again shows the "Triumph" to be the poorest of the three varieties 
in quality, as it has much less juice than either the "Duncan" or 
the "l\farsh," and quite as much skin as the "l\farsh". The 
"Duncan" again stands ol1t as thC' best, as it contains practica11:v 
as much juice as the "1\ifarsh," and much less skin. 

SUMMARY, 

We have, than, the folowing prominent points brought out by 
this comparison : 

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. '!'he "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 unti l 
the latter part of November. 

3. The ''Duncan'' occupies a somewhat middle position betwee n 
the "Marsh" and the "Triumph" as regards the points of corn. 
parison enumerated. 

4. The p er centages of solids show, in general, a decrease , botl 
in the "Tri umph'' and in the "Marsh," the rates, however, being 
fast er in the latter. In the "Duncan" this item increases slightly 
during the process of maturat ion. The percentage of acids decrease~ 
in all three varie ti es, 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 i, 
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,'' ''Mar sh.'' The relative percentages of sucrose stand 
again in the descending order already point ed out, while t he per -
centages of invert sugar are very nearly the same in the three va-
rie ties. This makes the ratio of invert sugar to sucrose to increas€ 
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 fa ctors, especially size. After the fruit has developed tc 
normal size there is no difference introduced in its weight by th€ 
time of picking of the fruit. 

7. The "l\farsh" and the "Duncan" have about the sa.me con-
tent of juice, while the ''Triumph'' bas much less than either . The 
"Marsh" and the "Triumph" rather coincide in their percentageE 
of skin , the "Duncan" having a lesser per centage than either . 

CHANGES I N THE .PROPORTION OF PLANT-FOOD CONSTITUENT'S OF 
THE FRUIT. 

SEASONAL CHANGES. 

In the sa~ples of fruit picked during the season 1918-1919 the 
nutritive ingredients contained by the fruit were determined , as 
alr eady explained. The tables presenting the results of the analy-
ses are given below. One table has been prepared for each tree, 
showing the seasona l changes of individual trees in the proportion 
of these ingr edients. By averaging the results for all samples pick ed 
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on the same Llate the mean si?:asonal variation of the trees tested 
is giYen 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 tabl('s represent the seasonal variations of each indivirlual 
tree. They were constructed by tabulating the results of the analy. 
~es of the suece'::;sivc samples picked from each tree. 

In the discussion that follows only the percentages calculated on 
the whole fruit inserted 111 the column he-aded "Original bash::" are 
nsecl for comparison. 

TABLE 51. 
Nutritive Elements in Grapefruit-Whole Fruit. 

'rREE Ko. 12-SE.\.SOX 1918-1910. 

nntcs on whlcb , P.ntio nnllydrlde Potash Xltrogen 
I 

I 
I 

Plwsphorlc 

snmpi('S were Dry i of ----~--+--~~-- ---~--
picked I mntter I t~o~~?c~s ll~;~~ o~;::~nl 1Pn~i;; orl:l1~nl 1P:1;s ol~;~i!1n! 

- · - --i---1--- ---- --- --- --- ---- ----
'November 12 .... i 15.70;< I 8.200 0.2'11 % 0.0381 '.'f o.fl55 0.1507 .••.•.....••...... 
November 2G .. ··1 11.16 1 8.Df\5 o.257 0 o.o:no , o.soo 0.1100 o.G72 0.1000 

Jnnnary 20 . . . . . 15.0o.; J D.2JO 0.868 1 o 0550:;: O D2-t 0.1390 O.ilfl5 0.1050 
January 2 .... 13.9411 10 3~0 o_::is1 o orno 1 11 orrn 0.1110 0.78-1 o 1030 

February 21 .. I 11.31 10.510 0558 0.0630 1.190 0.1346 0.358 ___ _ 
AYernges ..... 1 15.lU ! 9.lf>fl .3616 0.')1S.12 O.DS0-1 l 0.1368 0,5161 0.1036 

This table shows higher phosphoric-acid contents corresponding 
to higher ratios, as well as a gradual increase in this item in ead1 
succeeding sample. 

'l'herc are practically no variations in nitrogen. 
'l,he differences in potash are within the limits of error in sam-

pling and analyzing except for the sample picked on NoYember 26. 
TABLE 52. 

Nutritive Elements in Grapefruit-Whole Fruit. 
'l'REE No. 13-SEASON 1918-1919. 

I Rntlo Phosphoric Potash Dnte in which anhydride 
samples were Dry of 

picked matter solids Dry Original Dry Orlginnl to acids Basis Bnsls Basis Bnsls - ---- --- --- --- --- --- ---
November 12 ...... 16.57" 8.6SO 0.285 0.0472 0.720 0.119 
November 26 ••..•. 12.73 8.309 0.260 0.0330 0.900 0.11,1 
January 2 .•...• 13.83 8.700 0 307 0.0390 0.97~ 0.131 
January 20 ...... 10.59 8.114 0.392 0.0420 0.856 0 091 
February 2·1. ..... 12.32 8. 760 0.476 0.0590 10,100 0.110 

---
Nitrogon 

Dry Original 
Basis Basis --- ---

O.SOG .......... 
0,515 
0.7-18 .... O.i6i0 
0.727 0.0770 
0.900 0.1110 --- --- --- -·-· --- a.ml~ ---

A'\'erages .•...• 13.20 8.53 ......... 0.04404 0.096:1 

The variations in the ratios are here (See table No. 52) within 
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rather narrow limits , and a fair degre e of correspondence may b1 
detected between ratios and percentages of phosphoric acid, whicl 
shows that below a certa in minimum di'fference in ratio the differ 
ences in phosphor ic acid are not quit e so apparent. However, com 
paring the average ratios and phosphor ic acid contents of this tre1 
and the prev ious one, it is seen that the tree with the high e1 
average ratio has the high er percentage of phosphoric acid. 

· The potash content shows little variation. 
There a-1;e fluctuat ions in the nitrogen. These the writer i: 

inclin ed to believe that when occurr ing in one and the same tre1 
are due to difficult ies encountered in drying the substance for analy 
sis. In a number of cases the samples were partia lly charred . 

T ABLE 53 . 
. F ertili zing Elements in Gra pe fr uit-Whole F ru it. 

TREE No 14, LOCATED A'r MR. M. DAVID 'S PLANTATION , VEGA BAJA 
SEASON 191 8- 1919. 

Da te on whic h 
samp les were 

picked 
Dry 

m a tter Ratio 

Pho sp horic 
anhydride 

Dry . Original 
Basis Basis -------,--- -- - ------

Potash Nitrogen 

Dr y Orig inal 
Basis Basis 

Dry Orlglna 
Basis Ba.sis ----

November 12..... 16.82 7.370 0.271 0.0456 1.210 0.203 0.469 O.Q78 
November 26..... 14.58 7.760 0.262 0.0380 0.7SO 0.115 0.418 . . ...... . 
January 2... .. 14.46 9.290 O.S57 0.0471 l.22~ 0.177 0.172 ..... . .. . 
January 20..... 12.00 7.610 0.409 0.0490 J.428 0.130 0.817 0.09~ 
February 24..... 8.69 12.080 0.426 0.0370 1.390 0.120 o.862 O.D75 

Averages .. .... 8.822 ~~433 ~~--- o.o~ 

No correspondence is here observed between ratios and percent 
ages 0£ phosphoric acid nor is there any regu lar 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. everj 
tree the sample picked on thi s date shows the lowest percentagi 
0£ potash. 

The nitrogen is lower than in th e other trees. 

TABLE 54. 
Fert ili zing Elements in Grapefr uit-W hole Fruit. 

TREE No. 15 , LOCATED AT MRS. G. D. SMITH'S PLANTATION - SEASON 1918--1919 

Phosphoric ' 
Dat~s on which Dry anhydride Potash Nit rogen 
samples were matter lj.atlo ------

picked Dry Original Dry Original Drv Orig in1 
Basis Ba.sis Basis Basis Basis Basis -- - --- --- - -- --- -- -. ---

November 12 ..... 15.54 7.52 0.284 0.0441 1.240 0.192 0.616 0.096 
November 26 ..... 12.60 7.83 0.252 0.0320 0.830 0.104 0.660 0.08~ 
January 2 ..... 14.06 8.S9 , 0.287 0.0449 1.232 0.173 0.548 0.071 
Janua ry 20 ..... 13.14 9.03 0.362 0.04 80 1.107" 0.145 0.49S 

Averages ...... ----mrr--- 8-.19 · · ···· ... . 0.151 . ......... --0.08S 
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'l'he phosphoric-acid content is here rather constant, if the 
second sample is excepted. With this notable exception, slight in-
creases have accompanied the increases in ratio. There has been 
a slight tendency to increase through the season. 

The potash has diminished steadily, while the ratio has steadily 
increased. The only regularity in this respect is :Rresented by the 
se<.:ond 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, MANATI. 

SEASON 1918-1919. 

Phosphoric Potash Nitrogen Dntes on which anhydride 
samples were Dry Ratio 

pl eked matter Dry !Original D,y Original Dry Original 
Basis Basis Basis Basis Basis Basis ------ --- --- --- ---

November 12., .. , 17A3 7.8-0 0.271 O.<H72 1.150 0.200 0.566 0.0966 
November 26 .•.. 13.80 7.0u 0.200 0.0280 0.760 0.105 0.590 0.0810 
January 2 .•.•• 14.12 7.65 0.297 o.om1 1.1010 0.1550 0.590 0.0833 
January 20 •... 14.63 7.63 0.342 0 0500 1 0250 0.150 0.566 ''''(i.i02' F_ebrunry ~H •.... 13.00 9.05 0.382 0.04.!)6 1.290 0.168 o.781 --- --- --- --- --- --- --- ---

Avernges ...... H596 7.838 . ' . . . . . . . 0.0433 .. ........ 0,155 .. ........ .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 variations. 

The potash is rather constant in the last thr<,e samples, and 
lower than in the first. The sample picked on November 26 was 
once more exceptional. 

There arc no great differences among the percentages of nitrogen. 

TABLE 56. 

Fertilizing Elements in Grapefruit-Whole Fruit. 
'l'REE No. 17, LOC.A'l'ED AT MESSRS. SCOVILLE & CASTLE'S PLANTATION, :MANATI. 

SEASON 1918-1919. 

Phosphoric 
Potash I Nitrogen Dntes on which Dry anhydride 

samples were Ratio 
picked matters D,y Orlginal D,y Original i Dry Original 

Bnsls Bnsis Basis -, Basis 1 Basis Basis 

0.2..13 a.op.Jo! a.no 
---

No-vember 26..... H 00 O.OIHO 
January 2..... 16.30 6.76 0.317 0.04001·········· ....•. .... 0.S.10 0.1300 
January 20 •. ,.. 16.23 6.03 0.380; 0.0620 VJ.JO, 0.217 0.772 0.1250 
February 24..... 17.91 7.937 o.3521 o.oGso 1.210 I o.2rn7 o.s;;s 0.1530 

Avernges.. ... 16.638 ~1-~ 0.05121··:· ...... I 0.1DSO -~ 0.1255 
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No matured samples were picked from this · tree, except the last, 
so tha t it affords an oppor tu nity to observe the change in immature 
fruit. The last two samples are high er in phosphoric anhydride than 
eithe1' of th e first two, whil e the potash is lowest in the first, and 
pra ctically constant in the last , two. The nitrogen is consid erably 
high er in th e last thr ee samp les than in the first. Not ice that the 
fr uit of this tree, which was green, had high er percentages of ni -
t rogen, pliosphori c acid and potash, than that from either of the 
other trees. 

TABL E 57. 

Fertili zin g Element s· in Grapefruit---Whole Fruit. 

TREE No. 18: LQC.\TED AT MR. KACHRLE'S PL ANTAT ION. 

SEASONAL V,\lUATJON OF TNDIY ID U.\L 'J'REES, VEGA ALTA -191 8-1919 . 

Date s in wh icb 
sample were 

pi ck ed 

Ratio 
Dry of 

mat ter solids 
to acids 

Pho sph ori c Potash Anhydride Nitrogen 

Dry Origina l Dry Origi n al 
Basis Ba sis Basis Bas is 

Dr y Origi na l 
Ba sis Basis 

------ ------ --- --- ---- ---- ---- ----
November 12 ... . . . 
November 26 ..... . 
Junuary 2 .. .... .. 
January 20 . ...... . 
Fe bru ary 24 . .... . • 

Average~ ..... . 

15.03 
12 02 
12.04 
15 92 
10.31 

18.43 

7.690 
7.430 
8.596 
8.576 
9.330 

8.323 

0.28<1 
0.240 
0.315 
0.336 
0.392 

00- 126 9.270 0.191 .. .. .. .. .. .. ...... .. 
0 0310 0.830 0.107 0.682 0.08(0 
O.O-J07 .. .. . .. . .. . .. . .. .. . 0.557 0.0720 
0.0534 O.~iO 0.138 0.358 ...... .. '. . 
0.0404· .. .. ...... ....... ... 0.569 ........ .. 

00416 ........ .. 0.080 

The sample picked 'on November 26 shows the lowest content in 
phosphori c acid and potash. No r egular in crease or decreas e, can 
be t ra ced in either of the constituents in this table. 

Fro m the above tables of individual trees, the following, giving 
th e mean seasonal varia tion of all the tr ees teste d, ,ms coin posed : 

T ABLE 58. 

Seasonal Changes in Nutr it ive Elem ents in Duncan Grapefruit. 

Me<m. composition of f1·uit on tl, e dates specified found by averaging tl1e results 
of the analys es of an samples picl1ed on tlie same date. 

Date s o n which samples were picked Dry 
matter 

Ratio 
of 

solids 
to acid 

Phosphoric 
anhydride Potas h Nitro ge n 

P205 
- - ------------ - -- ---- 1---- --- - ---
Novem b er 12 ............. . .... .. .......... . 
November 26 ............. . ... .. .. .. ...... .. 
Janua ry 2 .......... . ....... .. ...... . ...... . 
January 20 .. .. .. . . . ..... ....... .. .......... . 
February 24 ............... ... ........ ..... . 

16. 196 
13.496 
13.8 91 
13.546 
l l. 126 

7.880 
7.882 
8.838 
8.833 
9.947 

All resul ts have been calculated on the whole fruit . . 

0.044 1 
O.OSS1 
0.0488 
0,0495 
0.0495 

0 . 1759 
0 . 1101 
0.1560 
0.1388 
0.1066 

0 .0916 
0,08 13 
0.0860 
0.0786 
0.0774 
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In the ahow table the phosphoric acid shows a slight tendency 
to inerease, although two irregularities may he noticed on November 
26th and Januar:1 2nd. Although in, a general way the fruit with 
the higher ratios usual1y contain higher percentages of phosphoric 
acid, yet this correspondence does not foll°'" very elosely and is 
onl.r apparent when the differences in ratios are conside;able. Thus, 
although the fruit picked on November 12th had a ratio of 7.88, 
and that picked on J" anuary 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 samples picked on January 20th and February 24th had 
ratios of 8.333 and 9.947 respectively, but their phosphoric-acid con-
tents were the same. However, no :..ample with a ratio of less than 
S approaches the percentage of phosphoric acid contained by the 
sample with ratio of 9.947. This item seems to be influenced to a 
greater 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 exception ocenrring in November 26th. 
For some unaccountable reason all the samples picked on this date, 
have been uniformly th.e lowest in the series. In opposition to pl10s-
phoric acid; the potash content shows a tendency to be lower in 
fruits with higher ratios, and in common with phosphoric acid this 
correspondence is more evident ,vhere the difference in ratios 1s 
greater. 

This statement is supported by data obtained in another experi-
ment, conducted in cooperation \Yith :i\Ir. \V. 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 1 only a. series of potash determinations and ratio of 
solids to acid will be presented here. They follow in tabular form: 



98 JOUR NAL OF THE DEPART1IE~T o:.b' AGRICULTURE. 

Potash in Grapefruit . 
DUNGAN V AltIETY. 

.... P lot A Plot B Plot C 0 ... ., .,_ 
Date fruit was picked .0 p. Ratio of Ratio of Ratio of aa Pe r cent Per cent Per cer ,, .. solids po tash solids potash solids potasl 

Z"' to acid to acid to acid 
-- --- - - - --- --- - -

1 June la , 1919 .... . .............. ·····6:ils· 0.207 ... ·6:s1· 0.2310 ·····a:oo· 2 October, !9L9 ......... : ......... 0.206 0.2190 O.li 
3 January 81, 1920 ....•....... 9.00 0.161 7.50 0.196 4.97 0.2 l 
4 February 24, 1920 . ......•...... 10.26 0. 1077 8.40 0 .1427 7.00 O.l l 
5 March 29, 1020 ........... ....... 9.60 0.168 10.50 0.1641 8.00 0. 1; 
6 May 17, 1920 ........... . .... .. .. 9.80 0.116 8.00 0.1308 10. 00 0.1: --- --- --

Averag es .. . •.•..... ················ 0. 1691 0.1805 .11 

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

In this table notice that the most unripe fruit contains the higl 
est percentage of potash in each lot, and that with few exceptio1 
the fruit with the hi gher ratios contain less potash. Again ti 
descent in potash is more apparent where the differences in rati 
ar~ greater. 

In cidenta lly it may be noticed that the fruit from the plot whi, 
received potash shows up a littl e more potash than that from tl 
plots receiving no potash. However, th e difference is very sma 

The nitrogen content of the fruit does not seem to be affected l 
the time of pickin g of the fr uit although it . might be remarked th 
the last two sets of samples picked showed the lowest averag( 
Ther e is no well-established r elation between nitrogen content a1 
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 r egard s dry matter in the fruit , it must be born e in mi1 
that these figures r epr esent th e dri ed r esidue resulting from dryi: 
the chopp ed fr esh fruit in a big air oven where uniformi ty of te · 
perature was hard to attain. and therefore are scarce ly comparab 
However , they show such a regular gradua l fall through the seas< 
that some value may be att ached to them. They show eviden1 
that the fruit kept gaining in juice all throu gh th e season, a 
that in a general way th e frui t wit h the higher ratio contained 
high er per centage of juic e, and softer tissues. . , 

COMPARISON OF TREES. 

The composition of th e fruit from the different trees showed 
fa ir degr ee of uniformity as evidenced by the following: 
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TABLE 59. 

Fertilizing Elements in Grapefruit-Whole Fruit. 

Averages of each tree for the whole season. 

Tree number 

DUNCAN-1918-1919. 

Dry 
)latter Ratio 

Phosphoric 
acid, 

original 
basis 

Potash. 
original 

basis 

99 

Nitrogen, 
original 

basis 

, 12........................................ 14.10 9,459 
13 .........••.........•.. ,,, .....•. , ,, ,,, , 18.:lO 8.530 

0.0489 0.1368 0.1036 
0.04.40 

, 14........................................ 13,31 8.822 
15 .•... ,.,,, •••• , , .....•....•. , .. , , , • , , • , , 13.81 8.100 

0.11110 0.0966 
0.0433 0,1500 0.0839 

; 16........................................ 14.59 7.839 
0.0.!22 0.1610 0.0832 
0.0-:133 0.1650 0.0005 

:r::::.:::::::::::::::::::::::::::::::::I it:: __ g_:~_~i_, ____ _ 
Avernges........ ... ......... ... 14.15 8,247 

0.0512 0.1980 0.1255 
0.0413 0.1455 0,060 

0.0'149 0.1518 O.OS9G 

1 Tree No. 17 was left ont of the nvernges, as the fruit pirketl fro.m it wns nll green 
fruit. 

rrhe 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 
wa1-; always obtained. Desregarding this one tree, then, we find a 
fairly close agreement in the percentages of phosphoric acid, potash, 
and even nitrogf'u. Only two exceptions 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 dr)" 
matter is also in dose agreement. 

Comparing now the green fruit from tree No. 17 with the rest, 
we find a ratio much lower than an)" of the others accompanied by 
notable higher percentages in all the constitu'ents determined as 

I! 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 the 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 maturitr is reached 
is taken up chiefly b)" an absorption of water and changes in the 
combinations of the elements alreadr absorbed. 

1 The changes noticed are not ,vide enough, nor regular enough, 

I! to justify any further conclusion as to the variations in the plant 
constituents of the fruit during the process of maturation. A 

I greater number of analyses, and a more extended period of obser-
vation are required before an)" definite facts may be ascertained. I It seems safe, however, to assume that after the fruit is developed 

I 
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very little changes, if any, occur in its mineral composition or its 
nitrogen content. Perhaps the only ingredi ent suggesting a i·egu-

- lar variation is the potash. 
Althou gh the kind of soil and the fertilizer differed for each 

one of the trees test ed, yet the percentages of the differen t ingre-
dients found for each tree ( excepting tree No. 17) agree fair ly well. 
This seems to indi cate 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 hav e not enough data of our own. In the paper ent itled '' Ef -
fect of Fertilizers on Oranges" by H. D . Young of the Californ ia 
Experiment Stat ion, which appeared in the Jou1·nal of Agricultiiral 
Research, Vol. VIII No. 4, pages 127-138, the conclusion is ex-
pressed that-

'' Th ere was no incr ease in the amount of either pho sphate or po tash in t he 
fmit bro ught about by the quantities applied in this experim ent." 

To further quote from this interesting paper "I-Ve may copy the 
following sentence : 

'' The averages fro m these plots r eceiving fert ilizers are almost identical with 
tb 9se not fe rtiJized . '' 

Our figures , so fa r as we ha ve gone, are in accord with these 
conclusions. 

SUMMARY OF PART I. 

The whole discussion that precedes may be summarized thus: 
1. The changes that take place in the fruit durin g it s devel-

opment, v~z., increase in jui ce content, increase in weight, decreas€ 
in the proportion and thickn ess of the skin, etc., become less · and 
less perceptibl e, until :finally they cea~e to be percept ible, as matur -
ity approa ches. 

2. Obvious signs of maturit y, such as color of the fru it, conditio r 
of the jui ce cells, taste of th e jui ce, and general app earan ce, 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 conten1 
and the increas e of ratio of solids to acids; also with the end of tlH 
process of sugar elaborat ion and the beginning of inversion oJ 
sucrose. 

3. Takin g th e changes enu mera ted and th e signs of maturicy 
above ref erred to as crit eri a to jud ge the ·maturity of th e fruit , i1 
n~ay be assumed that grapefrui t her e may not be consid ered ripE 
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and fit to eat before the ratio of solids to acids in solution in the 
jnicf' llax reached at least 7. 'rhis minimum ratio should be ac-
companied by the signx of maturity evident on inspection. 

4. The changes enumerated above apply in a general sense to 
tiH• 1 hree varieties tesh'd, hut the rate at which they proceed and 
the extent to whieh the,· take place cliffer for each variety. The 
details of this eompari::.on have been given on page-. 

5. The ''Duncan'' and the '' IVfarsh 's Seedless'' varietieB attain 
the leg-al ratio of 7, and ripeness toward the end of the month of 
NoYemher. The> 11 'rrimnph" variety shows the legal ratio very 
early in the season, before Septemher, but true maturity is not proba-
bly reached until Novc>mher. 

6. The sugars are formed toward the latter part of the devel-
opment of the fruit, and their elaboration ceases when maturit~" 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 
fruit 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 nutritive ingredients in the fruit, viz., 
1 nitrogen, phosphoric acid and potash, are in a higher proportion 
I in the green fruit than in ripe or nearly ripe fruit, further confirms I the conclusion that practically all of the solids are formed in the 

I earlier stages of development of the fruit. 

I. ~-With fruit which is fully developed no 1•egular changes in the 
content of nutritive ingredients of the fruit could be detected during 

I·. 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 item;, especially the last two. More work is necessary 
along this line. 

[END OF PA.RT I.] 
Part II of this work will appear in n subsequent issue of this JOURNAL. 
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