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Abstract:
1. The percent of sugars in apples increased rapidly during the period of growth.

2. In young apples practically all the sugars are present as reducing sugars.

3. The percent of total sugars increased consistantly over that of the reducing sugars during the period
of growth.

4. A close correlation was found to exist between reducing and total sugars during the period of
growth.

5. No consistant effect due to any fertiliser treatment was found during the growing period.

6. No relationship was found to exist between the fertilizer treatment and the breakdown of sugars
during storage.

7. Individual apples from the same plots were found to have a difference as high as 52.22 percent for
reducing sugars and 30.81 percent for total sugars. It should be remembered that the variation of
individual apples was not investigated until the apples had been in storage for three months and this
might be responsible for the wide variation.

8. The method developed for the determination of sugars was found satisfactory and is believed to be
an improvement over other methods in use. It is rapid, simple, convenient, and gave good results.
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& STUDY OF THE EFFEQCT OF FERTILIZERS UPON THE SUGAR CONTENT
OF APPLES, WITH SPECIAL REFERENCE TO A NEW METHOD

OF SUGAR ANALYSTIS

INTRODUCTION

For a number of years work has been carried on at Montana
Experiment Station on the study, "Influence of Planit FQo&s upon Chemical
Composition, Grow%h, Fruiting, an& General Physiological Condition 6f the
Apple Tree", and the work presented in this paper is the result of part of
the analytical work done by the author upon the above name project.

The amount of literatﬁre is voluminous on the study of carbohy—
drates in plant materials, However, most of the work is still experimental
and the methods are quite largely tentative. Much of the data is directly
conflicting and still more can not be duplicated, which it is believed, is
elgrgely due to different conditions, methods, and the non-agreement of séme
fundamental values. This is quite striking of the values one can obtain
for the specific rotation of the different sugars. When these values, of
such a variance, are used in formulas of optical rotation the results when
worked into percentages are discouraging. A good example of this méy be
had in the following»table (see Table I). Sucrose is the ohly sﬁgar in
which consistant values were found and'for that reason it has been omittéd
from the table. It is seen from looking at column 5 a éerson could have a
solution of‘pure glucose and yet get readings which would give values vary-
ing almost twenty perucent. The same applies for the iest of the sugaré
and undoubtedly there is as much error in the optical rotation of other sub-

stances as i1s here shown for the four sugars.
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Table I. Optical Rotation

of Different Sugars Found in Standard Reference Works

Brror based

1 2 3 4 5 Difference on the low
: degrees degrees degrees degrees degrees degrees per cent
Glucose (oc)%o 52,74 53.1 52.8 52.5 62 .45% 9.95 18.74
Levalose " 90.72 93.3 92.0 92.0 90.74 2.56 2,82
Maltose " 138.29 137.5 138.0 137.0 138.39 1.39 1.02
Invert n 20.02 20,57 19.6 e 18,86 1.71 9.07

20
These values are all for (o )D
Values taken from: .
Column 1., Landalt, H. Optical

in a 10 per cent solution.

Rotation of Organic Substances. p. 491, 495, 589,

592, 2nd Ed., (1902).

Column 2, Mahin, E. G., and Carr, R. H. Quantitative Agriculture Analysis. p. 123

1st BEd. (1923). -

Column 3. Allen, A. H. Commercial Organic Analysis. p. 372, Vol. 2, S5th Bd. (1923).

 Column 4, Kostychev, S. Chemical Plant Physiology. p. 238, 241, lst Ed, (1931).

Column 5. International Critical Tables. p. 346, 34T, 349, 350, Vol. 2, lst Ed. (1928),.

4

*This value of (a:)zo = 62.450 is undoubtedly a typographical error, nevertheless,, the

value is there and it would be quite
error. would be noticed.

easy to use this value in a great deal of work before the
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Another point that is Véry obvious to any worker in carbohydrates
is the lack of some modern standard‘work in the BEnglish language. At pre=~
sent the best work available is the "Official and Téntative Methods of
Analysis" of the Assoeiation of Official Agricultural Chemists. However,
it 18 not comprehensive and is limited in its scope. There are a few good
books in Bnglish on the different phases of cane and beet sugar industzry,
but these are quite limited in their scope and are of little value to any
one not working in the cane or beet sugar industry.

In 1923 Bagedorn and,Jensen3 proposed a method for determining
reducing sugars in which an alkaline solution of ferricyanide is'useda
The méthoduas first developed was used for blood sugar, but in recent
years has been extended to include larger amounts of sugaraz’4 Blish
modified the method for determining the reducing materials in wheat flour
and ohtéined results which indicated that with oertainlchanges the same
procedure could be applied to biological fluids. Accordingly én attempt
has been made in the present. investigation to modify the method so that it
could be applied in measuring the reducing substances in‘apple extracts,

The analytiéal work done by the author in previous years along
this same line has given results which were somewhat doubtful. The results
depended on innumerable factors the control of which were in many cases
outuof the hands of the analyst. Many methods were tried, some giving
results Which were in good agreement and others in which it was almost im-
possible to duplicate results. Practically all of the methods when used
with a pure solutiqn of only sucrose and glucose gave results which checked
closely. However, ﬁhen these same methods were tried with an apple extract

the results obtained varied widely.
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CHEMICAL METHODS
As has been preyiously stated the alkaline ferricyanide solu-
tion was tried out as a suitable reagent for the determinmation of sugar
in apple extract. In a review of the literature Eiddowson8 has applied
the method of Hagedorn and Jenéen for the determination of small quanti-

ties of mixed reducing sugars and its application to the products of hy-

4

drolysis of starch. Hanes ' extended the original method of Hagedorn and
Jensen to about ten times the amount of sugar, namely, 3.8 mgs. in 5 cc.

of solution. Both of the above mentiond workers used guite dilute sol-
ution ( 0.01N ferricyanide and ,OI1N sodium thiosulphate) aﬁd obtained
results whidh were in close agreement. Hanes4 inyestigated the method for
maltose and glucose and gives tables and graphs of his work. He alsobgives
data as to the effect of the time of reduction and effec% of dissolved
oxygen, Widdowson8 has applied the method to mixtures of maltose, glu-
cose, fructose and to the products of hydrolysis of starch in view of.de—
termining these sugars‘in young apples. The effect of using basic lead
acebate and sodium phosphate as clarifying agents is given, and also the
effect of boiling a solution of the different sugars with charcoal.
Nothing? however, is given as to the effect of basic lead acetate upon
fructose and nothing is said of using any other clarifying agent and appar-
ently this point has been disregarded,

1

Sobotka -and Reiner' have used the alkaline fefricyanide method
for determining the relation of reducing power to cbnfigurationa They

)
found that the titration curves for fructose, glucose and élactose, are
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practica}ly all a straight line, which is not in accord with the findings
of Hanes.,4

Blish2 has extended the method to include 17 mgs. of maltose
in 10 ccs of solution, and he summarizes the method as a superior one frbm
the standpoint of ac&uracy, reliability, simplicity, and convenience to
the technician. This statement shows the results and satisfaction ob-
tained at the Nebraska Agricultural Experiment Station. |

Preliminary at%empts to apply the alkaline ferricyanide method
of Hagedorn and Jensen fo sugars in apples gave indications that the
method possessed many features not embodied in other me%hods used in
common practice. |

Solutions of the strength recommended by Biish2 weré decided
upon and the method was standardized against the United States Bureau of
Standards bextrose samﬁle. The purity of the sample was tésted by méansy
of the polariscope and found to be.99.467%. For the study of invert
‘sugars a commercial sample of sucrose was used and its purity was found by
the same method to be 99.952%.

SPECIFTCATION OF ADOPTED PROCEDURE

Alkaline Ferricyanide Solution. 16.5 grs. of pure K3Fb(CN)6
and 22 grs. of d,P. anhydrous Na2003 were dissolved in 500 cc. of dis-
tilled water and let stand for a few days. It was then filtered and made

up to a iOOO cc. The solution maintains its strength quite well when

stored in dark bottles. The above solution gives a strength of- approxim—

ately N/20/
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N/20 Sodium Thiosulfate Solution. 12.41 grs. of C.P.
Na25203° 5ﬁ20 weré dissolved per liter of redistilled water. If special
precautions are used in the preparation of this solution it will retain
its normality for a long time. However, it ghould be checked occaéionally ‘ i
as gquite commonly it slowly deteriorates upon stanaing. ‘ .

Acetic Acid Reagent. A solution was made up to contain 200 cce
of C,.P. glacial acetic acid, 70 grs. of C.P. KCl, and 20~grsf'of
ZnSO4° 7H2O per liter,

Potassium Todide., A solution was made of 50 grs. C.P. X1 per
100 cc. of distilled water and 1 drop of concentrated NaOH to prevent the
deoémposition'of the XI and the liberation of Iodine. If the solution
becomes colored a few drops of concentrated NaOH may be added and the so-
lution shaken occasionally and it will again become colorless. The solu—
tion must be colorless or it is unfit for use.

Starch Solution. A 1% solution of starch was made up using
Litner's Soluble Starch. It was found better to make up a small amount
of starch solution and do it quite frequently than to add ZnSO4, NaCl, and
numerous other salts that are récommended in the literature. A weak
solution of starch, approximately 1%, was used, otherwise a more concen—
trated solution will give a curdled effect and it is impossible to‘reach an
end point. :The starch apparently curdles around some of the iodine and the
solution has a speckled appearance.

Neutral Lead Acetate Solution. A solution was made up to contain

450 grs. of C.P. Pb( 02H302)2 per liter.
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Potassium Oxalate. A solution was made Up to contain 240 grsa

of C.P. K20204 per liter.

REDUCING SUGARS

The procedure was carried out in test tubes of 22 mm. x 175 mm,
These tubes were thoroughly cleaned and free from grease so‘that none of‘
the solution would collect in drops along the sides. - Into these test tubes
was introduoed 10 cc. of alkaline ferricyanide solution and an amount of .-
sugar solution whose strength is to be determined; If this solution was

A

not 10 cc., water was added to make up that volume. Hanes  stresses this
point, but the writer has found no difference with N/EO solution. Far
more error is due to dirty glassware and to not mixzing the two solutions.
It is always a Safe procedure to incline the test tube and rotate it slow~
ly thus accomplishing a removal of any drops clinging to the sides of ﬁhe
tube. |

After thoroughly mixing the selutions in the test tubes they
were pléced in a boiling water bath for exactly 30 minutes. Hanes4has in-—-
vestigated the rate of reduction and from his work it is shown that for‘
solutions of that concentration the reduction is practically complete in
10 minutes. flishgused 20 minutes and since the boiling ﬁointhis some- )
what lower at the altitude at which this work was carried on fhe solutions‘
were heated for 30 minutes., No investigatioh was made as to any other
time for the period of reduction since the method was to be standardiged

and tables made for this partiéular temperature. Blish2 emphasizes the-

time~temperature effect and specifies the time exactly.
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After removal frpm the boiling water bath the tubes were cooled
in a stream of running water. The tubes shéuld still have a yellow tint and
if they are white all of the ferricyanide has been réduced, in which case
the reducing powér of the sugar has exceeded the oxidizing capacity of the
ferricyanide. The determination must be repeated using a smaller amount
of the sample. After cooling, the contents of the test tubes were poured
into 250 cc. erlenmyer flasks. The tubes were then rinsed out with por-—
tions of 25cec., of the acetic acid reagent until a total of 25 cc. had
been added. A slight tendency will be noted here towards the formation of
Prussian blue, however, it was never present in sufficient quantities teo
cause trouble with the end point of the starch iodine color. After all of
the tubes had been washed out;'(the determination was wsually run in sets
of six), ﬁhe solutions were ready for the iodine hypo titration;

Potassium iodide was then added to each sample airectly before
titration, thus avoiding any loss of lodine by volatilization, as was no—
ted by Widdovvson8n The iodine freed was titrated by .05N sodium thiosul-
phate, using 1 cc. of starch solution as an indicator. The amount of
-sodium thiosulphate used in titrating the ilodine represents the excess
ferricyanide, or the amount not reduced\by the sugar. This method is an
indirect one and depends upon the titration of the excess ferricyanide, and
by subtraction we obtain the amount of ferricyanide reduced by the sugar..
Thus by running a blank deferminatioﬁ of 10 c¢c. of ferricyanide solution
and 10 cc., of water in the same manner as given previously, a value is
obtained. for the blank. Hence the value of the sugar determination is

subtracted from the value of the blank, and thus is dbbtained the amount of




11
ferricyanide actually reduced by the sugar.

Since the concentrations of the solutions used in this investiga-—
tion were not exactly .O5N they were all calculated to this basis for the
purpose of comparison. The values obtained (Table I1) were plotted in a
curve from which can be read the milligrams of glucose per .1 éc. of ,O5N
ferricyanide solution (see figure 1). The values interpolated from this
curve were noet corrected for the effect.of a clarifying agent and are

given in Table IIT.

v

From previous work with 1éad acetéte as a clarifying agent it

was found quite satisfactory for giving a very clear solution and precipi-—
tating the prbteins, The excess lead is removed by sodium oxalate and no
difficulty was experienced in filterihg the precipitated lead oxalate.

The effects of lead acetate and potassium oxalate ﬁpon sugar solutions

were investigated for different concentrations of these salts (see Tables
IV and V). The results iﬁ Table IV are from glucose solutions of two diff-
erent concentrations with varied amounts of potassium oxalate and potass—
ium acetate. The figures show that very little effect is due to potassium
Qxalate and it is practically all due to the potassium acetate.l The effect
of these reagents is seen to increase with their conqentration, S0 a very
definite amount to be used as a clarifying agent must be agreed upon. The
amount, however, must also be sufficient to precipitate the prbteins and
give a clear solution. From a number of trials on samples of apple ex—
tract solution it was found that 1-2 ce. of the lead acetate solution of
450 grs. per liter was sufficient to give a clear solution. In no case was

more found to be necessary. Hence it was decided to use 2 cc. of this
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solution for all future clarifications and the correction of .07 cc. of
05N ferricyanide would be applied to all determinations., The correction
of .07 cc. was arrived at from é study .of Tafles iV and V, It will be seen
in Table III that .07 cc. of ferricyanide solution equals 1 mg. of glu-
cose. hence this amount must be subtracted from each determination. In a
number of determinations it willibe easier to construct a new table having
the correction applied and then results may be read directly. Table III
is gi#en without any corrections being applied because if it is found nec-~
essary to use different amounts of the clarifying agent or an entirely

new clarifying agent the corrections for these can then be applied.
INVERT SUGAR

Invert sugars were to be determined and after inversion the
same method was used as that for establishing the glﬁcose conversion
table, Samples of sucrose from 1 mg. to 12 mgs. were ﬁsed and their
weight caleulated to the equivalent weight of invert sugar which was in
turn used as the basis to plot the curve obtained in figure 2, The re—
sults were calculated to the basis of .O05N ferricyaﬁide solution.

The rapid method of inversion6 was used which is as followss A
50 cc. portion of the lead free filtrate wés pipetted infb a 100 cc.
flask aﬁd.then 25 cc. of water addedf 10 cc. of HCLl were then added‘a'
little by little, while rotating the flask. (HCLl sp. gr. 1.1029 at 2@0/40).
A water bath was heated to 70° C and the burner regulated so that the temp—
erature of the bath remained approximately at that point. The flask was

placed in the water bath, and a thermometer inserted, and it was then
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'Table II. The Oxidation of Glucose by Alkaline

FPerricyanide Solution

Sample Weight of Hypo . Subtraction Converted
number Glucose titre: froi:-blank to 0.05N
‘mg. CCo, CC, GCa
1 13.925 0.7 959 9.26
. 0.7 :

2 11,936 2,06 8.21 .93
2,10

3 9.946 3.40 6.89 6.65
3.40

4 7:-957 4«789. 5044 5?25
' 4.80

5 5.968 6.18 4,11 3,96
6.18

6 3.978 T.58 2,71 2,62
' 7e58

7 ~ 1,989 8.95 1.34 1.30
8,94
8 (blank) 10,29
10.29

Normality of hypo = 0.048288
Method of calculation: ) g
10.29 - 0,70 = 9.59 cc, 0.048288 9,26 cca

9439 X5.5500




Ce.of .06h/ fej-t/cyq/t/de. So/utto*"

Cutnvzx oAlbirttsf  />foff/ft9 M'fttjrzMS of y/ucosts 4%$4//isi~
Cu6/c Cdtrtbicfirs of.OSfiJ /e » /¢ y So lufiori,
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Table III. Glucose Conversion Table

0,05 N ‘ 0,05 N
Ferri=- . Glucose Ferri- Glucose Glucose
cyanide equiva~ cyanide equiva~, ‘equiva-
reduced lent "reduced lent lent
CC, . mMES .. Gco mgs. mgs .
0,1 0.15 a4 5.10 6,7 10,05
0.2 0.30 3.5 5.25 6.8 10,20
0.3 0.45 3.6 5,40 6.9 10,35
0.4 0.60 3.7 555 T.0 10,50
0.5 0.85 3.8 5.70 To1 10,65
0.6 0,90 3.9 5.85 Te2 10.80
0.7 1,05 - 4,0 6.00 Te3 10.95
0.8 1.20 4,1 6,15 T.4 11,10
0.9 1.35 4.2 6.30 Te5 11.25
1.0 1.50 cha3 6.45 7.6 11.40
1.1 1.65 4.4 6.60 To'f 11.55
1.2 1.80 4.5 6.75 7.8 11.70
1.3 1.95 4.6 6.90 T.9 11.85
1.4 210 4,7 T7.05 8.0 12.00
1.5 225 4.8 T+20 8.1 12,15
1.6 2.40 459 T+35 8.2 12,30
1.7 2,55 5.0 T.50 863 12.45
1.8 2.70 5.1 T.65 8.4 12.60
1.9 2.85 5.2 7.80 8.5 12.75
2.0 3,00 563 T.95 8.6 12.90
2.1 3.15 54 8.10 8T 13,05
2.2 3.30 505 8.25 8.8 13.20
2.3 3.45 5.6 8,40 8.9 13,35
2.4 3.60 5.7 8.55 9.0 13,50
2.5 3.75 5.8 8.70 9.1 - 13,65
2.6 3,90 569 8.85 9.2 13,80
2.7 4,05 6.0 9.00 9.3 13.95
2.8 4.20 6.1 9.15 9.4 14,10
2.9 4,35 6.2 9,30 9.5 14.25
3.0 4.50 6.3 9.45 9.6 - 14.40
3.1 4,65 6.4 9.60 9.7 14.55
3:.2 4-a8o 6e5 9075 908 ————
3.3 4,95 6.6 9.90 9.9 ———
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Table IV, The Efféct of Neuitral Lead Acetate as the Clarifyihg

Agent on the Determination of Glucose

Potassium Potassium . Hypo ~ Difference
Glucose oxalate acetate titre ©_in titre
CC, cC. CCo CC, CCa
8 0.0 0.0 4,84 —_—
o 4.84
" 0.0 0.5 4,84 e
4.85
n 0.0 1.0 4.84 0,02
. 4.82
" 0.0 2.0 4,80 0.03
_ o 4.82 “
" 0.5 0.0 4.84 S
. : - 4.84
" 0.5 1.0 , 4.82 - 0.02
, 4.82
" 0.5 2.0 4.78 0.07
4,78
" 1.0 0.0 4,85 ————
4.85
4 0.0 0.0 Te35 ———
- | 7.35 :
" 0.0 0.5 T.30 0.05
. ' T30
" 0.0 1.0 T30 0.05
T.30
n 0.0 " 2.0 T.30 0.05
. : T.30 o
" 0.0 6.0 T.20 - 0.14
) 7022
" O.5 ) an ’ 7035 - _
n 1.0 0.0 T.35 —_—
) _ . T.35
" 2.0 0.0 o Te33 0,02
T.33 :
n 6.0 0.0 T.30 0.05
. oo 7.30
n 0.5 1.0 T.30 0.05
T.30
" 0.5 2.0 7.28 0,07
7.28 :
" 0.5 6.0 T.20 -0,10

7.20
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Table V. The Effect of Neutral Lead Acetate as the Clarifying

Agent on the Determingtion of Levulose

Potassium Potassium Hypo . Difference
Levulose oxalate acetate titre in titre
GCo CCa CCa CCa GC.
4 0.0 0.0 T.40 ——
T.40
" 0.0 0.5 7.40 —
' .. T.40
" 0.0 1.0 T.37T 0,035
. T.36 .
" 0,0 2.0 T.36 : 0.05
' ‘ 7235 ‘
" 0.0 . 6.0 “T.25 0,15
‘ T.25
" 0.5 0.0 .40 =
T.40
" 1.0 0,0 7 .40 —
T.40
" 2.0 0,0 7.38 0,02
7.38
" . 6,0 0.0 T.35 . 0.05
’ T.35
" ‘0.5 1.0 7.38 0,02
. . 7»38
" 0.5 2,0 T.33 0.07
, T.33
" 0.5 6.0 T.30 0.125

T.25
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Table VI. Tﬁe Effect of Hydrogen-Ion Concentration upon the
Alkaline Ferricyanide Titration'Besulting from the Use
of Different Indicators iﬁ‘ﬁeutralizing the Acid

Required for Inversion

Sample Reduction of 0.05 W, Ferricyanide by sugars
number A B G .
" cc ées . cc
1 9.05 8.30 ‘ 8.05
9,05 8,40 8.05
2 T.45 6.95 6,85
7.35 6.85 6.85
3 9.10 8.25 - - Te95
9.25 8.25 '7#95

A - Methyl orange indicator used in neutralizing the acid.

d
1

Methyl red indicator used in neutralizing the acid.

Q
1

Phenolphthalein indicator used in neutralizing the acid.

\
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The Oiidation of Invert Sugar by Alkaline

Table VII.
Ferricyanide Solution )
Weight of Corrected to value
Sample Weight of invert Hypo Subtraction to pipette and to
number sucrose sugar’ titre from blank 0.05 N solution
mngs. Mg » CC. cc. CCe
1% 11.994 12,625 1.24 9.05 8.77
1f24
2 9.995 10,521 2.88 7.41 7,19
2.88
3 - T.996 8,417 4.28 6,01 582
4.28
4 5.997 6.312 5.66 4.63 4.49
5,68
5 3.998 4.208 7.00 3.27 3.17
_ ) T.04 )
& 113999 2231104 8.56 2.76 1.706
8,50
T 0.999 1,052 9.36 0,93 0.903
9.36
blank 10.29
- 10.29
Normality of hypo = 0,048288
. *Note error of 0.15 ec... This figure was not used in constructing

figure 2 or table VIII..

Method of”

calculation:
lO 29 - 1.24 = 9, 05 cc.
9.05 LD~ 8,74 ce.
8.74 x 10500 8,77 cc.

9,962




5r

6 I-

invert Sugnv

HIMUJKr x -

uT
cc. <y-.oJy femejuntch *>outton*

Curve OdfointA by />fotf/tij »i/fityras«s cu-Z™ rtSctyqif JJI,n-r
cvXc CCMIintTtrs of.os/v feyricyatude. so/c/t/ojf

ft
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Invert Sugar Conversion Table

0.05 N

0,05 N

0.05 N

Ferri~ Invert Ferri~ Invert Ferri— Invert
cyanide equiva~- cyanide equiva~ cyanide equiva—
reduced lent’ reduced lent’ reduced lent’
CCa ngs. CC. - mgs. cCs mgs,
0.1 0,08 3.4 4,63 6.7 9.74
0.2 0.20 3.5 4,77 6.8 9.89
0.3 0.32 3.6 4,93 6.9 10.05
4 0.40 3.7 5.09 7.0 10,20,
o5 0.53 3.8 5.24 Tl 10,35
.6 0.65 3.9 540 Te2 10.51
T 0.76 4,0 5«55 Te3 10,66
.8 0.88 4.1 5.71 Ted . 10,81
.9 1.00 4.2 5.86 TeH 10.97
.0 1,11 4.3 6,02 7.6 11.12
.1 1.23 4.4 - 6,17 ToT 11.27
.2 1.37 45 6433 T.8 11.42
.3 1.49 4.6 6.48 T9 11.58
o4 1.61 4.7 6.64 8.0 11.73
) 1.74 4.8 6.79 8.1 11.88
.6 1.86"° 4.9 6.95 8.2 12.04
o f 1.99 5.0 T.10 8.3 12,19
.8 2.14 5.1 7.26 8.4 12,35
9 2.30 562 T4l 8.5 12,50
.0 2.48 563 T.57 8.6 12.65
.1 2,60 5e4 T.72 8.7 12.71
o2 2.71 5¢H 7.88 8.8 121953,
03 2.87 5.6 8.04 8.9 13.12
4 3.03 5.7 - 8.19 9.0 13.27
] 3.19 5.8 8.35 9.1 13.42
.6 3.35 5.9 8.50 9.2 13.58
o7 3281 6.0 8,66 9.3 13.73
.8 3,67 6.1 ‘8,82 9.4 13,89
.9 3.84. 6.2 8.97 9.5 14,04
.0 4,00 6.3 9.12 9.6 14.19
.1 4.16 6.4 9.27 9.7 14.35
a2 4,31 6.5 9,43 9.8 e
03 4.47 6.6 9.59 9.9 S—

.
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heated with constant agitation until the thermometer in the flask indicated
67°C. This preliminary heatihg period should require 24~2 3/4 minutes, From
the moment the thermometer in the flask.indicated 6700, the flask was left
in the bath for exactly 5 minutes longer, during whlch time the temperature
should rise to about 69 5 C, The flask &ae at once plunged into cold water,
the thermometer removed from the flask and rinsed, and the flask left to
cool.. For use in the ferricyanide method {the acid used for‘inversion must
be neutralized and this was aeeomplished by neutralizing with C.P. NaOH '
gsolution using methyl req as an indicator. After the flask had coeled, two
drops "of methyl red indicatbr were added and a rather coneentrated solu~
tion of NaCH added until most of the acid‘had been~neqtra1ized? but leav-
ing the solution st1ll acid to methyl red. This point wil} have to be pre-
determined. The flask was again cooled and’when cold the neutralization
was completed with.a dilute solution of C.P. NaOH., The flask was allowed
to stand for some time, or until it had attained room temperature, after
which it Wes filled to the mark and rixed well.

Table VI shows the importanee.qf the indicator used and the'difff
erence in the amounts of sugar found by usging the various iﬁdicators.. The
method of inversion as previocusly outlrned was used, ueing methyl red as
an indicator. The data obitained is given in Table VII.

The weights of sucrose used were calculated to read ig weights of

invert sugar which is =————%——— times weight of sucrose.

Table VIIT was obtained from a curve, similar to figure 6, but
larger, by interpolation and reads in milligrams of invert sugar per fl CCo

of .05 N ferricyanide solution. The values interpolated from the curve
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were not correqted for a clarifying_agen't° The effeqts of lead acetate and
potassium oxalate as clarifyigg agents were investigatgd for levulose and
glucdse.(see Tables IV and V). .The effeqt is practically the same for both
sugars, thus the difference of .07 cc. must be applied‘as a corrgotion to
either the titration, or a new table constructed with the .07 cc. sugar
equivalent correction appilied,

Another factor of great importance in this method is +the effect
of impure sodium carbonate upon the alkaline ferricyanide solution. This
effect Was~discovered.acoidentally upon the making up of fwo new solutions
of ferricyanide, Solutions A and'B (see end of.Table Ianor description
gnd'conqentration) were made up and the blanks checked exactly, However,
when run with 10 cc. of gluqose solution 9.36 cc. of ferricyanidg‘was Te-~
Quced for solution a, and only 8.51 cc. of solution_B, a differenqe of
.85 cc. which in térms of milligrams of sugar is equal to 1.28 mgs. A
mixture of equal pgrts of solutions A and B was tried) (solutiona A and B,
Table IX), but the results were not intermediate as expected.

Three more solutions were then made up (see bottom of Table X).
Solutions C and D were made up as identical as possible. Solution B was
made up using a.different brand of sodium carbonate and the results of
these three solutions are shown.in Table X, From the results given in
Table X thed agreement is quite close and/the error shown in table IX is due
to an impure sample of sodium carbonate. It so happened that all of the
gample of Baker's reagent grade of sodium carbonate was used in making‘up
gsolution B, so that no other pheck could be made on it, However, two-solu—

tions of Mercks Ph-B 1898 grade and Mercks C.P. grade, conforming to
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Table IX., The Effect of Impure Sodium Carbonate upon Alkaline
Ferricyanide Bolution
K3Fe(CN)g - Subtraction
solution Glucose Hypo titre from blank
cc. CCe ' CCe CGa
10 - A 0 10.2 ——
” 10.2 .
" v 10 0.84 9.36.
. 1 0.84 o
" 6 T 4445 57T
4,40
" 2 8.30 1.88
8.33
10 - B 0 10,2 —
10.2 '
n 10 . 1.69 . 8.51
X 1.69 '
" 6 5.20 5,00
: 5.20
" 2 8.50 : 1.69
. . 8.52 -
10 - A+4B 0 10,2 ————
10.2
n 10 1,00 9.22
) 0.95 ' s
i 6 4,60 5.60
] 4.60 ' )
n 2 8.28 l.92 -
- 8.28

Quantities for one liter of solution:
Solution A - 16.5 grams K3Fe(GN)6 Mercks pure crystals,

22 grams NapCO3 anhyd. Bakers reagent grade.

Solution B ~ 16.5 grams KéFe(GN)G Mercks pure crystals,

22 grams NapGOy anhyd. A mixture of Bakers
reagent grade and Mercks Ph-B 1898,

Solution A+B — 50 parts of A. .

50 parts of B.
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Table X, The Effect of Impure Sodium Carbonate upon the Alkaline

Ferricyanide Solution

KyFe(CN)g ' Subtraction
solution Levulose . Hypo titre from blank
cec. ceo e CCa
10 - ¢ 0 10,3 ———
10.3 '
" 10 3.55 6.75
. 3.56
f 6 6.18 4,10
- ' 6.20 - ’
1 2 8.89 2,40
' 8.90
10 = D 0 10.3 ' e
10,3 )
" 10 3.55 6.75
N 3.55 .
n 6 6.20 4,10
6.20 ’
n 2 8.89 2642
8.88
10 - B 0 10,2 L ——
10.2 : L
n 10 3.42 . 6.76
- 3,46 "
1 6 6010 4013
) : 6,03
u 2 8.70 2.50
: 8,70

Quantities for one liter of solution:
Solution G and D - (made up of séparate weighings)
16.5 grams K3Fe(CN)g Mercks puré orystals.,
22- grams NapOO3 emhyd. Mercks C.P.

Solution B -~ 16,5 grams X Fb(CN)s Mercks pure crystals.
22 grams Na2803 Bakers C.P. analyzed.
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Standards of Murray, were made in the same concentrations as in the alkaline
ferricyanide solution, or that of 22 grs. per liter. Duplicate samples
were run adding'these solufions in increasing §.5 cc. portions to the

alkaline ferricyanide solution with the following resultss:

Table XI. The Bffect of Adding Different Sodium Carbonate

to 05N Ferriecyanide Solution.

Na2003 solution of Difference in titre of .05N ferricyanide
22 grs/liter added gsolution from standard sugar titration.
Sample ) " Mercks Ph—-B’ .Mercks C.P,

1 D cC. .050 cc. - 025 ce.

2 1.0 .130 +005

3 1.5 2145 .005

4 2.0 0220 ~=005%

5 2.5 2240 015

I+ is seen from Table XI that the effect is due to the Ph-B grade
of sodium carbonate and the effect is directly proportiocmal to the amount
added. The time wa s quite limited when this effect was first noted and no

further attempts were made to find out what impurity was giving the'@youﬁlea

APPLE TNVESTIGATIONS

Collection and Preservation‘of.Materialsa
The apples used in this invéstigatiqn wers collected froﬁ the
trees growipg in the'Elgin Heights Orchard near Stevensville in the Bitter
Root Valley., Ten piots of twovrows of three trees each were laid out with a

guard row separating each plot.,

The fertilizer treatment that each plot has received is as
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follows:
Rows 2 and 3, are éhegks or untreated rows.
Row 4, is a guard row.
Rows 5 and 6, sodium nitrate 2 l“bs,1 and ammonium gulphate 2 l1lbs. WeTe added.
to each tree f;om.1928 %o 1932, 1In 1933, 3 1lbs. of sédium nitrate and
2 lbs. of ammonium sulphate were added,
Row 7, is a guard row.
Rows 8 and 9, six 1lbs. of whale meat per free were added in 1928. 8ix 1bs.
of Whale meat and bone, and 6 lbs. superphosphate per tree were added in
1929, Six 1bs. superphosphate per tree were gdded from 1930 to 1933,
inclusive,
Row 10, is a guard row.
Rows 11 and 12, two lbs., of potassium chloride per %ree were added from
1928 to 1933, inclusivge
Row 13, is a guard row.
Rows 14 and 15, are checks or untreated rTows.
Row 16, is a guard row. ‘
Rows '17 and ;8, two 1lbs. of sodium nitfate, 2 1bs, sodium sulphate, 3 1bs.
whale meat and bone, and 3 1lbs. superphosphatg per tree were'added in 1928.
From 1929 to 1932, inclusive, each tree received 2 1bs. soeodium nitfate,
2 1bs. ammonium sulphate and 3 1lbs. of superphosphate. In 1933 the sodium
nifrate was increasged ﬁo 3 1bs. per tree.
Row 19, is a,guafd TOW,
Rows 20 and 21, two lbs. sodium nitrate, 2 1lbs. ammonium sulpha%e, 3 1lbs.

whale meat and bone, l% 1bs. superphosphate and 1 1b., potassium chloride
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were added per tree in 1928, From }929 to 1932?‘iﬁclusive sach tree re-
ceived 2 lbs. sodium nitrate, 2 lbs. ammonium sulphate; 3 1bs. superphosphaté
and 1 1b. of potassium chloride. In 1933 sodium nitrate was ;ncreaSed to
3 1bs. pér tree and superphosphate was increased o 5 -lbs. per acre.
Row 22 is a guard TOW, “
Rows 23 and 24, in 1928-29-30, 6 1lbs of whale meat and bone and 2 lbs
potassium chloride were added per tree. In 1931—32, 1% 1bs sodium nitrate,
11 1bs ammonium sulphate and 6 1lbs superphosphate per tree were added, In -
1933, 3 1bs of sodium nitrate, 2.1bs of ammonium sulphate.and 12 1bs of
superphosphate ber tree were added. |
Row 25, is a guard’row,
Rows 26 and 27, from 1928 to 1932, 1nclus1ve, each tree recplved 2 ibs
sodium nitrate, 2 1bs ammonium sulphate and .1 1b.potgssigm chloride, In
1933 the sodium nitrate was increased to 3 lbs per tree, The amounts of
other fertiligzers remained'the same. .
Row 28, is a guard row.
Rows 29-and 30, are checks, or untreated rows.
The superphosphate used was the oxdinary 17 to l8 per Qegt phosphg;ic acid -
-(P295)° The whale meat and bone referred to_cohtaine@ 2959 per ceﬁt N as

NO3’ T.70 per eent as NH3 and 2,03 per cenf as organic nitrogen.  The fotal

P205 was 8.93 per cent, of which 0.43 per.cgnt was water soluble, and 4,43
per cent reverted. The KZO content was 9 OO per cent

These trees were sampled on June 25, 1933, August 18 1933,
September T, 1933, and September 26,_1933, The apples collected for

chemical analysis were sliced as soon as picked and stored in 95 per cent
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alcohol for shipment to the labo?atory,. It was attempted fo obt;in‘a sample
of apples weighing between 50 and 60 grs, as’this.weight would givex an al-
coholic sgolution of aboutlSO per cent which ' is the amount specified for
storage of plant samplesBG At the time of sampling a portion was takén
from gaoh apple and placed in two ﬁared jars to serve as a determinator of
the average moisture in all samples.

At the date of the.last sampling, which was the time of picking
of the crop, a sufficient guantity of appleg Waé taken from eaéh plot fox
studies to be car;ied out during the winterﬁ These apples were packed and
shipped to Bozeman where they were placed in storage at a temperature of
2°-3°¢, |

For the determina?ion of sugars thé samp;e was extracted
four times with 200 cc. portionslof 801per“cent alcohol, The extract;ons‘
were carried out in a hot water bath maiﬁtained aﬁ a ﬁemperature‘to have a
slow boiling of the‘alcohola. Each extraction was run over night with a
new portion of alcohol. No CaGQ3 or Preeip?tated chalk was added to ﬁheée
samples either during extraction or storage, as earlig; Wo:k carried out in
the Experiment Stétion showed that the chalk had a tendepcy tp destroy
part of the sugar. A number of seconq ext;aotions'were carried out from.
time to time and no sugar oogld be found in theseuand it was assuméd that
ooﬁplete extraction had taken place in every case,

After extraction the samples were made up to 1(_)00.00e and mixed
well and a 50 cc., portion of this was used in analysis, It is well to an-
alyze the same as soon after extraction as possible because of a slow

change taking place in the sugars. Samples stored over a period of four
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months showed‘a change of .4 mg in 5.56 mgs of reducing sugar. Dupiicate
gamples stored with precipitaﬁed phalk showed practically the same change ;

In the analygis of’the extraqﬁ for sugar‘al; saﬁplés were run
inlduplicates, Two 50 CCo portiéns of the extract were pipetted into a
suction flask and 50 ce, of distilled wéter added to each. The flasks
were then placed iq a heaﬁed water bath an@ the alcohol driven off at
reduced pressure and the volume was lowered to 25 cc., The flask was then
removed and the ‘sides washed d.own and 2 cco‘of_lead acetate added to pre-
cipitate the proteins and clarify the solution. The flask was shaken and
the precipitate allowed to settle before filtgringo The solution was fil—
tered and washed with hot water several times., The lead was precipitated
by the addition of 2 cc. of potassium oxalate solutien after which it was
well shaken and the lead oxalate allowed to séttle. The solution was fil—
tered into a 200 cc. volumetric flask. If care is taken to decant some of
the supernatant ligquid on to the fil%er paper first no trouble will be ex-
perienced in filtering the lead oxalate, The solution was made up to vol-
ume and mixed and a 50 cc. portion tgken fgr inversionvand analyzed for
total sugars, This method of the inversion used is given on page 12 and-
it will not be repeated here. A second portion of tﬁe solution.wgs taken
for analysis of reducing sugars and a volume Qf either 5 or 10 cc. was
used depending on the amount of sugar present, The complete detains 9f

this method are given in the discussion of Reducing Sugars, on page 9+
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PBESENTATION OF‘RESULTS
The chemical data sgoured from this investigation are presénted
in tabular and graphic forms‘as percentage of sugar on wet basis, This
seemed desirable, since it would express the results on a truer basis of
existing_conditionsa On this plan moisture was not taken fo? gach set of
plots, but a composite from all plots at each time of sampling.

The percentage of reducing sugar in apples during the growing

peried is given in Table XII, and presented in graphic form in figure 3.

The curves show a tendency to follow each other with fair regularity. The
large gap between the lower curve and the other two is due to the elapse of

fifty five days between the samplings, while the period between the two

- upper curves is only twenty days. The highest percents of reducing sugars

shown at the first date of sampling are both from plots receiving high ni-

trate fertilizers (plot; 2 and 3, and 26 and 27)s This same lead is main-

. tained at the second date of sampling with approximately the same_increase

over the other-plots. In looking at figure 4 whigh gives the total sugars

over the same period, the same general rélationship‘éccurs there, the

nitrate plots showing a higher percentage in the first two dates of

sampling.

At the thifd date of samp}ing, Seﬁtembgr T 1933?'ﬁhe'plots re—
ceiving potassium chloride showed the greatest percentage of both total and
reducing sugars. This fact was expectéd as many avthors have shown that
potassium is necessary for sugar formation and that the use of potassium
chloride increased the ;mount of sugar in'sugar beets, tomatoes,‘potatoes,

and grapes..7 The effeect of potassium on the samples collected on
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September 7, 1933, was very pronounced as is‘seen in figures 3 and 4.
Such results were looked for in later samplings, but this effect did no%
show up although an increase in sugar occured iﬁ all samples,

The curvés'for reducing and totallsugars in figures 3 and 4
follow each other with close regularity. It is seen that the total sugars
at the time of the_first_sampling are practically'the same as the redueing
sugar or in other words al} the sugars present in the young apples are
present as reducing sugars. The amount of total sugars increased regularly
over the reducing sugar until the +time of maturity (figures-3,4, and 5).

Samples collected at the time of harvest, Sepfgmber 26, 1933,
(graphically shown in figure 5), were a.complgtg reversal as tolthe indi;
cations given by the three preceeding.samplingso Plot 23 and 24 gtood.out»
as having abnormélly high sugar content:both for rg@ucing and total sugars.
This plot had received a varied treatment of fertilizers from 1928 to 1932,
but ip 19339.12 pounds of super phosphate, 3 pounds.of ‘sodium.nitrate and
2 pounds of ammonium sulphate were addgd which constituted a heavy fért@li—
zer treatment and this may partia}ly account for the high sugar content.
Why this abnoxmal jump in Sugaré shoulq h?ppen in a course of 19 days with
no previous indication is hard to explain.- In the fhree previogs sgmples
the sugar content of ﬁhe apples from %his plét was that of an average
gample., The rest of the samples showed nothing striking'or indicative and

were all quite similar,
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Table X 1lI. The Percentage Sugar in Apples Expressed as Glucose
and Invert Sugars. (On
Reducing sugars as glucose Total sugars as invert sugar
reducing sugar reducing sugar
Row weight of in terms of in terms of
numbers samples glucose sugar invert sugar sugar
rags. mgs per cent mgs per cent
Apples sampled June 25, 1933. Average moisture 87.6 per cent
2 -3 101,00 3.49 3.46 3.47 3.44
5-6 130.75 5.45 4.17 5.45 4.17
168.75 5.06 3.00 5-41 3.21
11 - 12 163.00 5.45 3.34 5.60 3.44
14 - 15 197.75 5.06 2.56 6.21 3.14
17 - 13 205.75 4.30 2.09 6.21 3.02
20 - 21 218,20 7.03 3.21 3.35
23 - 24 237.50 8.99 3.79 9.67 4.07
26 - 27 176.25 7.42 4.21 8.14 4.62
29 ~ 30 221.25 6.64 3.00 6.86 3.10
Apples sampled Aug. 18,6 1933. Average moisture 85.28 per cent
2 -3 109.25 8.60 7.87 10.77 9.86
5-6 105.00 8.81 8.39 11.38 10.84
8 -9 130.50 8.81 6.75 11.47 8.79
126.75 7.26 11.75 9.27
148.00 9.59 6.48 12.15 8.21
17 - 18 141.25 6.75 11.87 8.40
20 - 21 147.00 10.22 12.69 8.63
23 - 24 126.75 9.98 7.87 12.69 10.01
26 - 27 116.25 8.42 12.61 10.85
29 - 30 128.75 8.33 R H 6.47 10.77 8.37
les sampled Sept.#. 1933 82.7 per cent
2 -3 58.125 4.16 7.16 5.53 9.51
5 -6 61.25 4.67 7.62 10.82
8 -9 47.75 3.46 7.25 4.74 9.93
11 w12 58.75 5.06 3.61 7.43 12.65
14 m15 62.50 4.09 6.54 5.90 9.44
17 w18 63.125 4.45 7.05 6.21 9.84
20 21 58.85 4.64 7.88 6.59
23 57.%) 4.67 6.59
26 27 38.75 4.16 10.74 6.13 15.82
29 30 60.625 4.36 7.19 6.18 10.19
Apples sampled Sept. 26, 1933. Average moisture 84.3 per cent
2 3 68.371 5.57 8.15 8.63 12.91
5 6 66. 75 545 8,15 8.67 12,96
8 9 57.125 4.78 6.37 8.05 14.09
11 12 54.375 4.70 8.64 7.89 14,51
14 15 61.500 4.84 7.87 8.36 13.59
17 18 65.250 5.08 7.79 9.05
20 21 63.125 5.23 8.29 9.11 14.43
23 24 62.500 5.89 9.42 10.12
26 27 59.125 5.15 8.71 9.13 15.44
29 30 59,375 5.00 8.42 6.83 14.87
Apples sampled Nov. 4, 1933. Average moisture 81,1 per cent
2 -3 "'81.25 6.49 7.99 10,95 13.48
93.625 8.42 8.99 12.92 13.80
8 -9 103.375 8.36 8.57 6.97 13.48*
11 - 12 98.125 8.42 8.58 6.56 13.37
14 - 15 105.62 9.16 8.67 6.97 13.20
17 - 18 9.05 9.23 6.90 14.08
20 - 21 103.25 10.34 10.01 7.28 14.10
23 - 24 81.375 9.76 11.99 7.28 17.89
128.375 12.56 9.78 8.98 13.99
2% - 30 89.75 7.82 8.71 5.75 12.81
] : p ¥3l WilV
2 -3 60.00 55,83 11.38 8.11 B B
5- 6 6.87 10.78 8.71 13.66
8 -9 87.125 7.49 12.60 H .46
11 - 12 m91.50 7.71 8.43 12.15 13.28
14 - 15 82.50 6.86 8.32
17 - 18 86.00 7.19 8.36 13.44
80.00 7.23 9.04 11.44 14.30
23 -24 86.25 7.36 8.53 12.23 14.18
26 - 27 88.00 7.21 8.19 11.96 13.59
29 - 30 91.875 7.64 8.32 12.69 14.11
Apples sampled Jan. 5, 1934. Average moisture 83.9 per cent
2 -3 " 67.76 6.22 9.18 0.84 14.52
5 -6 75.625 7.90 10.45 10.88 14 .39
70.875 6.71 9.47 9.96 14.05
1 - 12 83.75 7.82 9.34 11.71 13.98
14 - 15 93.75 7.90 8.43 12.67 13.51
17 - 18 90.625 7.97 8.79 12.69 14.00
20 - 21 82,50 9.01 10.92 12.46 15.10
23 - 24 74.375 7.75 10.42 10.86
26 - 27 87.00 8.78 10.09 13.84 15.91
29 - 30 73.375 6.94 9.46 11.20 15.26

*For calculating the percent of total

sugars of rest of apples

collected Nov. 4, use one-half the weight given in column 2.

Vu
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STORAGE INVESTIGATIONS

It is well known that apples continue to ripen in storage. The
nature of this ripening depends on the time of harvesting and the tempér-
ature and humidity of storage. A study of the breakdown of the sugars was
made with apples from each plot to find out if any correlation existed be—
tween fertilizer treatment and the breakdown of sugars.

Samples taken from the ten plots were stored in an electric re-
frigefator at a temperature maintained between 2°-3° ¢, Thelrefrigeratoi
Wés small and upon -opening the door the humidity would change rapidly and
no attempts were made to control or %ake huﬁidity readings, althoug£ it ig
believed the humidity was quite high. The samples were plaoeﬁ in storage
September 26, 1933, and studies were to be made of these at monthly
intervals, |

Bach sample.was weighed at the time of storage and remarks re-
corded as to the size, colér, and shape of the apples. At the time of the
first sampling, November 4, 1933, the samples were agéin weighed and notés‘
taken as to the qondition of the,applgs{ Foﬁr or -five representative
apples were taken from each set for analysis. Each apple was Quartergd aﬁé
some slices were taken from each éuarter and stored in alcohol. This“’
sample was then extracted and run fo; sugars in the same manner as givgn“‘

previously. The results are given in Table XII and AIIT, and plotted in

figures 5 and 6. The loss in weight of samples ‘while in storage is given in : .

Table XITTI. The samples all showed about the same loss in weight over the

Three months storage period and since the samples were small and stored over
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a rather short period, it was not advisable to base any conclusions on the
results obtained here.

It is seen in figure 5 that the total sugars are praptically the
same as at the time of storage except in the case of the last three plots.
Plot 23 and 24 showed an inoreése of 1.70 percenf, while plot 26 and 27
decreased 1.45 percent, and plot 29 and 30 decreased 2,06 percent. This
increase and then a decrease is hand to account for sincé.both blots
23 and 24, and 26 and 27, had previously ‘shown high resulfs° The treducing
sugars for this same period showed an increase after being in storage and 4
in only two cases were they a fraetion of a percgnt lower., The reducing
and total sugars still followed about the samé curve although a greaterx
variation was seen than in any previous sampling. |

" Results of storage samplings on December 5, 1933, and January 5

1934, are given in Table XIT and shown graphiqqlly in figure 61 The var—
“dation is firstlin one direction'and then in anothef and né conclugion can
be drawn. The reduciné sugars in these two samplings fgiled almost com—
pletely to follow the general trend of the total sugars. |

The question arose if a sample of‘four or six apples would be
fepresentaﬁive enough of the lot to give consistant results. - At the time
of the first sampling eighteen tq twenty apples were used and_as they be-
came larger the number qf apples picked was deqreased@ With.the first
three samplings the trend of the sugars was ponsistanto Howejrer9 aflthe
time of harvesting, when the_number of apples per sample was decreased,
results began to show up which were. not expected and the;e was some evi-

dence that the error in sampling might be causing the difference. With
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this_in mind it was'decided to use the.rest of the samples and analyze the
individgal apples for total and rediging sugars. The same method of ex—
traction and analysis was used here as prev;ously and results aré_given in
Table XIV, with a short summary in Table XV, The results show a varia%ion_
of sﬁgar in individual applgs-from the same plot as high as 52,22 percent
for réducing sugaré, and 30;81 perecent for tota} sugars. This percentage
was based on the average of four determinations, Thus, in a sample of
only 4 or 5 apples,.it can be seen that such a great variation in single
apples would mask any small effect due to fertilizer treatment.‘ The
amount of work done on the variation of sugar in individual apples is notb
complete enbugh to show at what stage of maturity such a great variation
ocours, and bascause of this the number of épples used in a sample will
have to vgrylwith the date of sampling.'-Single:apples in the.different
stages of growth and maturity will have to be analyzed to find out when the
error in sampling would be large enough to seriously effect the results
obtained by the use of a small sample for the determination of sﬁggrs, _The
author does not feel that sufficient work has begn.done tp Qrgw any cggcluu

gions as to the probable error resulting from the use of small samples.
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Table XITI. Percentage Loss in Weight of Apples in Storage

(Applés stored September 26, 1933)

Row Date of Number of Percentage
numbers sampling Apples loss in weight
2 and 3 November 4 115 4.97
Decembexr 5 . 11 5,00
January 5 7 4,88
5 and 6 November 4 18 4,51
December 5 14 4,56
_ January 5 ‘ 10 - 7.06
8 and 9 November 4 18 3,97
December 5 14 3,68
January 5 10 ) 3.88
11 and 12 November 4 18 2,91
December B 14 4,39
January 5 8 3.91
14 and 15 November 4 18 4.07
" December 5 14 3.19
January 5 8 4.63
17 and 18 Wovember 4 o 18 4.39
. Decémber 5 14 3,60
January 5 10 4.46%
20 and 21 ‘ November 4 18 3.88
December 5 14 4,18
January 5 10 5?08
23 and 24 ‘November 4 ‘ 18 4.09
December 5 14 4,16
January 5 8 4.80
26 and 27 November 4 18 2,94,
December 5 14 C 4,07
January 5 8 4.33
29 and 30 November 4 18 4.28
December 5 14 4,45
January 5 8 4,53

*Some apples were taken from this set and the percentage
is only approximate.

136804
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'TaMe XIV. Difference in the ~“Percentage Sugar in individual

Apples Sampled January 6, 1934

(On wet basis)

Single Reducing sugars as glucose Total sugars as invert sugar
apple reducing sugar
from
rows samples glucose sugar invert sugar sugar
mgs mge per cent tags per cent
-3 . 4.8 8.37 6.99 12.77
48.00 4.39 9.15 13.88
M 58.25 , 8.05 7.03 12.0?
d 59.00 5,02 8.51 7.11 12.05
68.375 5.68 8.31 12.18
I 5.75 9.31 8.67 14.04
I 62.25 10.04 9.39 15.08
1 10.00 8.76 14.27
-9 65,125 5.89 9.04 8.03
I 70.25 3.50 7.83 8,76 12.47
I 64.50 5.68 8.61 8.24
I 0.17 12.43
61.25 557 9.09 3.03 13.11
71.25 8,36 9.00 12.63
I 67,75 5.90 8.71 8.80 12.99
I 70.00 9.06 9.16 13.09
I 74.875 5.45 9.45 12.62
82.50 6.14 7.44 10.36 12.56
m 66.125 7.85 9.01 13.63
77 .25 2 SI:627 BSgE 9.76 12.63
5.38 9.12 8.29 14.05
I 4.87 7.95 7.56 12.34
M 65.50 5.60 8.35 8.52 13.01
= 69.375 6.72 9.20
- 21 67.375 9.37 8.93 13.25
M 70.25 5.87 8.36 8.40
I 5.95 9.77 8.64 14.19
( 9.96 8.33 13.09
- 24 7.36 14.19
it 73.00 5.60 7.67 8.55 11.71
H 65.25 6.14 9.41 8.29 12.70
H 58,50 6.34 9.31 15.91
- 27 9.61 11.26
i 66.625 9.34 14.30
f 63.125 - 14.15
I 7.22 H .04 14.59
- 30 65.50 6.22 9.50 12.95
it' 10.09 8.17 14.33
67.125 9.23 13.75

64.75 5.66 8.77 8.71 13.45



-Table XV. Average Sugar Content and Difference in .Individual Apples
Sampled January 5, 1934,

&Summary of Table XIV)

Average of ' Percentage Average Percentage
Row reducing difference total difference
numbers sugars Variation in averages sugars Variation in avgrages
2 -3 8.50 110 12,91 12,69 °  1.83 VST
5 -6 9.42 1.73 18.37 13,89 2,90 20,88
8 -9 8.55 1.21 14.15 12.50 0.45 3.60
11 - 12 8,81 0.73 8.29 12,46 0.48 3.85
14 - 15 8.79 4.59 52,22 12.86 1.01 7?85
17 - 18 8.59 2,40 27.93  13.17 1,71 12,98 &
20 - 21 9,37 1.60 17.07° 13.15 2.12 116,12
23 - 24 9.45 3,17 33,54 13,63 4,20 30.81
26 - 27 9?52 : 0,27 2.84- 14.44 0.54 7.40

29 - 30 9.36 1,32 14,10 13.62 . 1.38 10.13




44
SUMARY

1. The percent of sugars in apples increased rapidly during the
period of growth.

2. In young apples practically all the sugars are present as
reducing sugars.

3, The percent of total sugars increased consistantly over that
of the reducing sugars during the period of growth.

4, A close correlation Was.fouﬁd to exiét between reducing and
total sugars during the period of growth,

5. No congistant effect dge to any fertilicer treatment was
found during the g;qwing period.

6. No.relationship was found to exist between tﬁe fertiliger
treatment and the breakdown of sugars during storage.

T. Individual apples from the same plots‘were found to have a
difference as high as 52.22 percent for reducing'sggars and 30.81 perceht
for total sugars. It should ?e remembered that the variation of individual
apples was not investigated until the app}es had bgen in,stqrage for three
monthsland this might be responsible for the wide wvariation.

8?. The méthod developed for the determination of sugars was foun@
satisfactory gnd is believed to be an imfrovement over other‘methods in

use., 1t is rapid, simple, convenient, and gave good results.
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