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PEAR HARVESTING AND STORAGE INVESTIGATIONS
IN THE ROGUE RIVER VALLEY

SECOND REPORT

by
C. I. Lewis, A. E. Murneek, and C. C. Gate

SUMMARY

Pear-Harvesting and Storage Investigations in the Rogue River Val-
ley were begun in 1917. A preliminary report of the first season's work
has been published as Ore. Agr. Exp. Sta. Bulletin 154.

This bulletin is a second or progress report containing some of the
more important results obtained during the season of 1918.

A statistical study on the increase in size of Bartlett pears warrants
the following statements:

Fruit of this variety increases gradually in size, but at an accel-
erated rate in volume, throughout the growing season.. This appears to
be quite independent of climatic or cultural conditions.

Linear enlargement in transverse diameter of the fruit is pro-
portionally faster throughout the season than the longitudinal enlarge-
ment. It is suggested that seeds probably have an influence upon the
form of pears.

NO important change in average length and diameter of the stem
of fruits was noted.

A new "Pressure Test," to measure the maturity of pears at the time
of picking, was given a preliminary trial with the following results:

A distinct correlation appears to exist between the degree of
maturity of pears and resistance to pressure of tissues of the cortex and
epidermal regions.

This resistance, and hence the condition of maturity, was meas-
ured at intervals of 3 to 4 days and expressed in units of pounds or frac-
tions thereof. In the case of Bartletts, an average gradual lowering in
resistance of half a pound hi each twenty-four hours was recorded, the
same area of pressure being used throughout the season.

Tests taken 6 hours after picking were found to be more reliable
than those taken approximately 24 hours later. A change in ripeness of
fruit after picking appears to be responsible for this behavior.

No correlation could be established between transverse diameters
of the specimens used on the same date and resistance to pressure.

Response of Bosc pears to the above test was found to be similar
to that of Bartletts, though of a less indicative character. This dis-
crepancy was thought to be due to a much slower ripening of Bosc and
to coarseness of the epidermis of this variety.

Storage investigations with Bartlett pears showed that:
In no instance was size of the fruit a factor in ripening and decay.
Pears picked during the middle or latter part of the season keep

slightly longer in cold storage than those picked early.
Early-picked fruit is decidedly inferior in quality to that har-

vested on later dates. Relatively high temperature with a high percent-
age of humidity prevented the best ripening of such early-picked Bartletts.
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Within the limits of a temperature conducive to ripening, no
difference in rate of maturing of stored Bartletts was noted when a change
in temperature of 100 to 15° F. was registered, provided the same ap-
proximate percentage of humidity was maintained.

A strikingly good keeping and eating quality was exhibited by
lots picked extremely late in the season. This may possibly be due to
tardiness in maturing of fruit kept late on trees because of the prevailing
high temperatures during the mid-season. A possible practical applica-
tion of this feature is suggested.

Storage investigations with Bosc brought out the following points:
When Bosc pears are kept beyond the normal limits of the life

of this variety consideration should be given to: (a) An ascending
gradient of moisture content correlated with (b) a descending gradient
of temperature of the commonly used storages. A proper combination
of these two factors would give the ideal storage of Bosc.

Of the twelve storages used in connection with this investigation,
Common Storage, Car Temperature Storage, and Delay of 14 days fol-
lowed by Car Temperature for 12 to 15 days and then Cold Storage, were
found to be the best.

Both relatively high temperature with low humidity and low
temperature with high humidity were harmful to the proper ripening of
Bosc.

Fruit picked very early in the season must be permitted a partial
ripening before being placed under low temperatures.

A delay of at least two weeks seems to be essential for Bosc
put in cold storage. The higher the humidity the less time would be
iequired for a "delay."
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A STUDY OF INCREASE IN SIZE OF BARTLETT PEARS

In determining the time of harvesting Bartlett pears the majority of
growers invariably are guided by size as the most conspicuous and de-
ciding factor. Ordinarily the picking season begins when the fruit ap-
proaches 24 inches at the point of its largest transverse diameter.
Quite often, however, Bartletts are harvested when but slightly over
2 inches in diameter in order to obtain the better price usually paid
during the early part of the season. In such cases rings 2 inches in
diameter are frequently used by the pickers, anything not slipping
through this ring being considered ready to come off the tree. This
picking may be followed by a second picking of the 24-inch specimens,
or else by gathering everything remaining on the trees.

Whichever procedure the grower may have chosen for harvesting
his crop, the question of the exact time at which the bulk of the fruit
should be moved has always puzzled him. Fluctuations of the market,
climatic conditions, requirements of the selling organizations, or other
factors may be responsible for his indecision. More often, however, it
is a question of the stage of ripeness of the fruit vs. the higher tonnage
that may possibly be obtained by leaving the crop on the trees as late
as possible. What increase in volume may be expected by a delay in
picking, say of a week or a certain number of days at a articu1ar stage
of development of the fruit, is, however, the question that has still to
be answered. The generally accepted opinion that shortly before the
close of the season of growth there is a most rapid increase in volume,
even when environmental factors, especially amount of moisture in the
soil, remain the same, is questioned by some observing orchardists.

So, too, in respect to the time of application of irrigation, with the
object in view of increasing tonnage of the crop, there is exhibited a
great diversity of opinions, many of which are diametrically opposite.
A number of growers irrigate their orchards more or less early in the
season, while not a few delay this practice as late as possible, believing
that wbat water there is available is of the greatest benefit to the crop
when applied shortly before harvesting.

Seeking for experimental evidence we find but very meager informa-
tion on this subject. The rather limited investigations by Rividre and Bail-
lache (1) led them to the conclusion that, in the case of pears, winter
and many fall varieties make their main increase in size shortly before
the time of picking, while summer and some fall varieties enlarge most
rapidly during the middle of their time of development, this being inde-
pendent of cultural and climatic conditions. Working with apples, White-
house (2) found that on the average apples increase steadily and at the
same rate throughout the growing season, thus obtaining results with
this fruit quite contradictory to those of Rividre and Baillacbe.

In light of the importance of the question and tbe little informalon
so far available a study was undertaken of the increase in size of Bartlett
pears in the Rogue River Valley during the growing season of 1918.

Revue Horticole vol. 80, p. 53, 1908.
Oregon Agricultural College nul. 134, 1916.
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METHOD OF PROCEDURE

Fruit on average branches, located at various heights on the trees
and in different exposures, was selected, all fruit borne by the respective
branches being considered In each case. Four measurements were re-
corded of each specimen, viz.: longitudinal diameter, transverse diameter,
length of the stem, and diameter of the stem. This was done at weekly
intervals by means of a specially constructed calliper. Recording of
these data started rather early and extended throughout the picking
season. By dividing the average transverse diameter by the correspond-
ing longitudinal diameter the 'form index" was obtained.

Fruit in the following orchards was considered in this study:
Bear Creek Orchard. Trees about 16 years old, vigorous, and bear-

ing medium heavy crop. Soil rather heavy. Slightly irrigated shortly
before picking.

Speck Orchard. Trees about 28 years old. Very heavy7 crop. Soil
medium heavy. Irrigated very early in the season.

Fiero Orchard. Trees about 10 years old. Medium crop. Light,
sandy, river-httom soil. Slightly irrigated late in the season.

Hillcrest Orchard. Trees about 10 years old, excellent crop. Soil
very heavy, non-irrigated. Trees suffering from lack of moisture.



TABLE I. INCREASE IN SIZE OP B: RTLETT PEARS, IN INCHES-SUMMARY OP BEAR CREEK ORCHARD

TABLE II. INCREASE IN SIZE OF BARTLETT PEARS. IN INCHES-SUMMARY 0' 5PEK ORIHARD
Longitudinal Diameter

Aver. Tree 1-A

Transverse Diameter Length of Stem

Tree 2-A

.957

.917

Aver. Tree

.977
I

.951
1

Diameter of Stem

1-A Tree 2-A Aver.

.141 .145 .143

.1-18 .14'i .147

No. of No. of
Lot Date Records Tree 1-A Tree 2-A

2.4 0
Tree 2-A Aver.

1.711

Form
Index Tree

.7017
I

1-A

.997

.984
1

2
7/12
7/19

7I)

69
j

2.9
2.598

2.436 1.700 1.722
2.683 2.640

I 1.871 1.878 1.874 .7094 I

3 7/27 7
I

2.757 2.880 2.818 1.973 2.024 1.988 .7053 I .989 .941 .965
I

.149 .145 .147
4 8/2 7.5

I

2.894 2.994 2.944 2.084 2.093 2.088 .7092 .945 .9 2 I .145 .151 .148
5 8/9 68

I

2.975 3.117 3.046 2.149 2.201 2.175 .7142 I .949 .926 .146 .146 .146
6 8/16 56 I 1 3 .2 1 3.200 2.259 2.288 2.273 .7102

I
.897

I
.875 .886

I
.149 .15 .150

7 8/23 56 3.202 -3.350 3.276 2.275 2.361 2.318 .7075
I .879 .889 .884 .164 .154 .159

Longitudinal Diameter

Aver.

Transverse Diameter

Tree 3-A Tree 3-B Aver.

Length of Stem
Form
Index Ties 3-A Tree 3-B Aver. Tree 3-A

Diameter of Stem
No. of
Lot Dale Records

-
No. of

Tree 3-A Tree 3-B Tree 3-B Aver.
1 7/12 - 71 2 348 2 417 - 2 382 I 1 746 1 773 1 7o91 7380_I 892 SCS 148 148 148
2 7/20 74 2.567 2.625 2.5 1.928 1.943 1.935 7450 .895 .844 .152 .157 .154
3 7/27 69 2.758 2.839 2.798 2.082 2.103 2.062 I .7482 .814 .869 .841 .149 .53 .151
4 8/2 69 2.907 2.977 2.942 2.199 2.239 2.219

r
.,.i41 .783 .84i .815 .148 .150 .149

5 8/9 66 3.068 3.150 3.109
I 2.3o 2.342 2.330 .7498

I
.753 .5 9 .784

I
- .152 850

6 8/16 60 3.260 3.24u 3.253 2.456 2.443 2.449
I

.7524 .733 .800 .766
I

.149 .155 .152
7 8/23 5 3460 44 2452 2617 272 - 2 o94

I

7o14 756 785 770 1o2 151 152
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No. of
Lot.

TABLE III.

No. 01
Date Records

INCREASE IN SIZE OP BARTLETT PEARS, IN INCHES-SUMMARY OP PIERO ORCHARD

Longitudinal Diameter Transverse Diameter

Tree 1-A Tree 1-B Tree 2-A Tree 2-B Aver. Tree 1-A Tree 1-B Tree 2-A Tree 2-B Aver.
orru

Index
1 7/11 104 2.491 2.484 2.249 2.209 2.358 1.733 1.7'' 1.539 1.567 1.646 .6978
2 7/9 105 2,791 2,741 2.485 2.421 2.611 1.99. 1.964 1.716 1.732 1.851 .7090
3 7/2. 101 .004 ...)17 2.669 2.529 2.792 2.201 2.0 1.24 1.830 1.984 .7107
4 12 100 3.198 ° 2.731 2.621 2.903 2.262 2. 1.884 1.882 2.052 .7070
5 8/° 91 3.450 3 910 3.841 2.707 3.052 2.4 t4 2.282 1.949 1.931 2.144 .7019
6 8/16 94 .793 a3 2.940 2.808 3.226 2.325 2.397 2.040 2.014 2.244 .6960
7 8/23 39 3.884 3.550 .3.06° 2.936 .3.366 76 2.506 2.186 2.126 2.348 .6975

of StemLength of Stem Diameter

No. of
Lot. Date Tree 1-A Tree 1-B Tree 2-A Tree 2-B Aver. Tree 1-A Tree 1-B Tree 2-A Tree 2-B Average

1 7/11 1.000 .973 .948 .897 .954 .147 142 .1 .130 .138
2 7/19 1.041 .996 .930 .892 .965 .151 .142 .138 .137 .142
3 7/2o 1.022 .956 .914 .870 .940 .0 0 .142 .136 .136 .141 -

4 8/2 .959 .940 .870 .855 .906' .149 1 .iu 130 iou
5 /9 .941 .914 .849 .831 .884 .14; ,3 .12 .31 .137
6 8/16 920 .901 240 .820 .870 I

.154 .142 .1.41 .136 .143 -

7 8/23 .922 .916 791 .827 .864 .162 .140 .139 .136 146



T4BLE IV. INCREASE IN SIZE OF BARTLETT PEARS IN INCFS-SUtMARY OF HILLCREST ORCHARD

No.of
Lot

1

- -

Date

7/12

No. of
Records

106
J

Longitudinal

Tree 1-A

2.312

Diameter

Tree 2-A

2.316

Tree 3-A

2.113

Aver.

2.247

Tree 1-A

1.660

Tranaverse Diameter

Aver.

1.631

Form
Index

.7255

Tree 2-A

1.636

Tree 3-A

1.556
2 7/21 106 2.534 2.539 2.280 2.45 1.837 1.693 1.793 .7310
3 7/27 100

I
2.631 2.6 2 2. 3 2.533 1.907 1.943 - - 1.75 1.869 .73 80

4 8/3 97 I 2.7 9 702 2.396 2.609 I 1.970 2.007 1.815 1.93i .7405
5 8/10 98 2.89 2.814 2.455 2.699 2.061 z.03o 1.852 L999 7.740
6 8/17 92 j 2.862 2.902 2.507 2.757

I 2.104 1.177 2.044 .7417
7 8/24 84 I 2.878 2.973 2.481 2.777 2.131 2.233 - 1.922 2.098 -7553

Length of

Tree 2-!\

Stem

Tree 3A

Diameter of Stem

Tree 2-A Tree 3-A Average
No. of
Lot Date Tree 1-A Aver. Tree 1-A
1 7/12 .984 .899 .990 .958 .160 .154 .131 .148
2 - 7/21 .963 .891 1.007 -954 .159 .159 - .137 .152

7/27.-3
-

.979 .1 .983 .949 .156 .136 .ia8
4

-

s/S .963 .854 .971 .929 .139 .154 .128 .147
5 8/10 38 36 26 .900 .158 .156 .1 .148
6 8/17 .950 809 .902 .889 - 19 .162 .135 .152
7 8/24 .964 .825 .911 .900 .158 .157 .148J28 -
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RESULTS

Analysis of data recorded in tables of summaries of all orchards
brings out the fact that enlargement in size of Bartletts throughout the
growing season of 1918 was very gradual. This is exhibited by a steady
increase in both the longitudinal and transverse diameters. The quite
even and strikingly uniform increase in linear measurements should not,
however, be misinterpreted as an evidence of an equal enlargement in
volume. An addition of say one tenth of an inch to either of the diame-
ters late in the season is accompanied by a much greater increase in
volume than a corresponding increase early in the season. Thus it is
evident (Figs. 1 and 2) that the ratio of enlargement in volume is stead-

---5A. CK3EC .
H L L C Z

..PnO
0

_.0./

2
Nurlme. LOT

FIG 1. DIAGRAM SHOWING INCREASE IN TRANSVERSE DIASIETER
OF BARTLETT PEARS

ily and evenly rising as the season progresses. Fruits of all orchards
under consideration, whether irrigated or non-irrigated, seem to show
similar behavior, excepting the slight difference exhibited by those of
Hillcrest orchard. The much slower and somewhat less uniform increase
in size of the Hillcrest specimens, as seen most conspicuously by data
on increase in longitudinal diameter (Fig. 2), is the direct result of re-
tarding of development of the fruit due to lack of moisture in the soil.

3 7
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Examination of tables of summaries and diagrams will show that
on the average Bartletts exhibit a proportionately greater expansion in
transverse diameter as compared with the longitudinal, which difference
gradually diminishes during the time of harvesting. This suggests that
seeds probably have a marked influence upon the form of the pear. A
tendency to accumulate proportionately more tissues around the carpels
seems to be exhibited early in the season, this being followed by a
slightly incr"ased rate of enlargement of both the stem and calyx ends
later on. Two striking evidences seem to support this conclusion.
Pears of the Hillcrest orchard, because of their suffering from lack of
moisture, were in general conspicuously different in form as compared

I:;

---ecAQcrtK
----FIEEO /0

//0 -..
/
<0

HI1LG3T

// //
..,o

;,

.-. 50'

,..
0

0/i
3 S a 7

NLJMfi1 "f LOT

FIG. 2. DIAGRAM SHOWING INcREASE IN LONGITUDINAL DIAMETER
OF BARTLETT PEARS

with those in other orchards under consideration (Figs. 6 and 7); re-
tardation in development of tissues forming the stem and calyx ends of
the fruit was very evident. Further and more convincing evidence can be
obtained from specimens that because of their characteristic form are
known as "builnecks" (Fig. 8). Such fruit has seeds that have become
abortive early in the season because of effects of low temperature during
blossoming time or soon thereafter. Seeds not being present, develop-
ment of the cortex layer around the stem end is out of proportion to the
part immediately surrounding the carpels.
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FIG. 4. DIAGRAM SHOWING CHANGE IN LENGTH OF STEM
OF BARTLETT PIL\RS

14

4
U r-1 3 EQ LOT

FIG. 3. DIAGRAM SHOWING CHANGE IN FORM OF BARTLETT PEARSFORM
INDEX (RATIO OF TRANSVERSE DIAMETER LONGITUDINAL DIAMETER)

- - - BAQ C2CEh
,pEC
l OBO

H LLC E3 T



6

Is

'4

'3

15

---6AL CQrrK

111L LC Q 5 -T

- - 0
0

z .3 4 5 7
11UM8 of LOT

FIG. 5. DIAGRAM SHOWING CHANGE IN DIAMETER OF STEM
OF BARTLETT PEARS

A point of particular interest brought out by the above records is
the striking uniformity of the graph curves. Light irrigation was given
the trees in Bear Creek and Fiero orchards shortly before picking time,
yet no rapid increase in size of fiiuit can be detected because of the
sudden increase of moisture in the soil. Similar results have been ob-
tained by Whitehouse with apples (2). He observed no marked increase
in size of fruit immediately following the first fall rains. The old question
respecting the comparative value of time and amount of irrigaton for
Bartlett pears during the growing season is thus opened here. In view
of the good prospects of putting most of the pear acreage in the Rogue
River Valley under irrigation in the near future, this point becomes of
particular interest. In order that more complete information may be
obtained, such inquiry, however, would have to be conducted for more
than one season and on a much larger scale.

In connection with the above studies of increase in size of the fruit
proper it was thought of value to learn what changes, if any, take place
with the stem of the fruit. Both the length and the lowest transverse
diameter of the stem were therefore recorded throughout the time
of development of the fruit.

As is seen in Tables I to IV no cbange in average diameter of the
stem can be detected, excepting, perhaps, a slight increase towards the
very end of the season. It is likewise but natural that the length of the
stem should remain stationary. The general decline in measurements,
as seen from the diagrams (Fig 4), is due to the iongitudinal expansion
of the pear, the tissues of the cortex of which protrude more and more
over the original stem end of the pear as the season progresses, thus
forming a cavity and precluding the measurement of the full length of
the stem during the latter part of the season.
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FIG. 6. BARTLETT PEARS FROM HILLCREST ORCHARD. NOTE LACK
OF DEVELOPMENT OF STEM END

FIG. 7. BARTLETT PEARS OF NORMAL TYPE
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HG. 8. BAITLETT PE\RS OP A FORM KNOWN AS BULLNECKS." NOTE
EXTREME DEVELOPMENT OF STEM END

THE "PRESSURE TEST" AS A MEASURE OF MATURITY
OF THE PEAR

One of the main phases of the Pear Harvesting and Storage In-
vestigation, as conducted during the season of 1918 in the Rogue River
Valley, was the determination of the stage of maturity of the Bartlett
pear during the shipping season. The common iodine test used for this
purpose, though fairly convenient, has proved to be very unreliable.
This has been especially true wh&n this test was tried out in respect
to its value for establishing a unit of measurement to indicate the com-
parative degree of ripeness of a pear at a definite stage of its develop-
ment.

Upon suggestion of Professor C. I. Lewis, a new "pressure test" was
given a thorough experimental trial. The object of this test was to find,
if possible, the extent to which the seasonal increase in maturity of the
Bartlett may be measured by corresponding changes in physical re-
sist.ance of the cells of the epidermal and cortex regions to a definite
pressure. Professor Lewis obtained this idea of using a pressure test
to determine the proper time of harvesting, from a visit he paid Professor
0. M. Morris of Washington State College, who was using a pressure
test to determine the condition of apples in storage.

METHOD OF PROCEDURE

A steel ball, 7/16 inches in diameter, half imbedded in a block of
hard wood, was used to puncture the fruit. ThTh amount of pressure re-
quired to push the ball into the pear, till the block reaches the pear,
was registered in pounds by a spring scale. To safeguard from intro-
ducing a personal factor, a second person always took the readings as
registered in pounds on the dial of the scale.

Lots of 15 pears each, obtained from four typical orchards, were
used. Each specimen was pressed three times and on one side only,
thus eliminating to a large extent any possible variation in structure
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FIG. 0. BARTLETT PEARS SHOWING POSITION OF PRESSURE PUNCTURES.

and content of cells at a particular part of the fruit (Fig. 9). On each
day of testing 180 readings were taken. This was usually done about
six hours after the procuring of the fruit. Another series of readings
from the same specimens was obtained about twenty-four hours later by
pressing again three thues the reverse side of each fruit. The results
being encouraging from the very start, the test was repeated at intervals
of three days throughout the shipping season.

The Bose was tested by the same method and results recorded
(Fig. 10).

FIG. 10. BOSC PEARS SHOWING POSITION OF PRESSURE PUNCTURES



TABLE V. SUMMARY OP PRESSURE TABLB VI. SUMMARY QP PRESSURE
TESTS-BARTLETT TESTS-BARTLETT

Bear Creek Orchard Speck Orchard
Ave. Ave.

(]) Picked 8/1 A. M. lbs. (1) Picked 8/2 A. M. lbs.
Tested 8/1 35.0 (a) Tested 8/2 30.0
Tested 8/2 36.0 (b) Tested 8/3 32.0-

(2) Picked 8/2 A. M.
Tested 8/2 34.0-
T8sted 8/3 36.0

(3) Picked 8/6 A. M.
Tested 8/6 33.0
Tested 8/6 36.0-

(4) Picked 8/8 A. M.
Tested 8/8 31.0
Tested 8/9 32.0

(5) Picked 8/12 A. M.
Tested 8/12 P. M 30.0
Tested 8/13 P. M 31.0-

(6) Picked 8/15 A. M.
Tested 8/15 P. Id . 27.0
Tested 8/16 P. Id . 29.0

(7) Picked 8/10 A. Id.
(a) Tested 8/19 P. M . 26.0
(8) Tested 8/20 P. Id 27.0-

(8) Picked 8/22 A. Id.
Tested 8/22 P 25.0
Tested 8/23 P 25.5

(9) Picked 8/25 A. M.
Tested 8/26 A. Id . 24.5
Tested 8/26 P. M . 24.5

.19

No. of lots 9 No. of lets 9

No. of fruits to the lot 15 No. of fruits to the lot 15

No. of pressure tests for each reading 45 No. of pressure tests for each reading 45
No. of pressure tests to the lot 30 No. of pressure tests for each lot ....90
Total No. of pressure tests 810 Total No. of pressure tests 810

(2) Picked 8/5 A. Id.
Tested 8/5 A. M. . . . 28.0
Tested 8/6 P. M. . . . 29.0

(3) Picked 8/8 A. M.
Tested 8/8 28.0
Tested 8/9 29.0

(4) Picked 8/12 A. Id.
(a) Tested 8/12 28.0
(.b) Tested 8/13 28.0

(5) Picked 8/15 A. Id.
(a) Tested 8/15 26.0-
(8) Tested 8/16 P. M. . . 28.0

(6) Picked 8/19 A. M.
Tested 8/19 P. M. . . 24.5
Tested 8/20 P. Id.. . 25.0

(7) Picked 8/22 A. Id.
(a) Tested 8/22 P. M. 23.0
(8) Tested 8/23 P. Id. 22.5

(8) Picked 8/25 A. Id.
(a) Tested 8/26 A. Id. 24.0-
(8) Tested 8/26 P. Id. 23.5

(9) Picked 8/29 A. M.
(a) Tested 8-29 P. M. 20.0
(8) Tested 8/30 P. M. 20.0



TABLE VII. SUMMARY OF PRESSURE
TESTS-BARTLETT

Fiero Orchard
Ave.

(1) Picked 7/31 P. M. lbs.
Tested 8/1 A. M. 35.0
Tested 8/2 P. M. 18.0

(2) Picked 8/2 P. M.
Tested 8/2 P. 1sf. 33.0
Tasted 8/3 P. 84. 38.0

(1) Picked 8/5 A. M.
Tested 8/5 P. 84. 32.0-.
Tested 8/6 P. M. 32.0-

(4) Picked 8/S A. 84.
rested 8/8 P. M. 31.0
Tested 8/9 P. M. 30.5

(5) Picked 8/12 A. 1sf.
Tested 8/12 P. 1sf... 30.0-
Tested 8/13 P. 51. . . 32.0

(6) Picked 8/15 A. 84.
Tested 8/15 P. M. 29.0
Tested 8/16 P. M. 30.0

(7) Picked 8/19 A. M.
Tested 8/19 P. M. 27.0-
Tested 8/20 P. M. 27.0

(8) Picked 8/22 P. 84.
(a) Tested 8/22 1'. M... 25.5
(h) Tested 8/23 P. 84. . . 26.0

(9) Picked 8/25 A. 84.
Tested 8/26 A. M. . . 25.0
Tested 8/26 P. 84... 24.5

No. of lots 9

No. of fruits to the lot 15
No. of pressure tests for earls reading 45
No. of pressure tests to the lot 90
Total No. of readings 810
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TABLE VIII. SUMMARY OF PRES
SURE TESTS-BARTLETT

Hillcrest Orchard
Ave.

(1) Picked 7/31 P. M. lbs.
Tested 8/1 A. M. 33.5
Tested 8/2 P. 84. 37.0

(2) Picked 8/5 A. M.
Tested 8/5 31.0
Tested 8/6 34.0

(3) Picked 8/9 A. 84.
Tested 8/9 P. 84. . . . 30.0
Tested 8/10 P. 84... 31.0

(4) Picked 8/12 A. M.
Tested 8/12 P. 84. 29.0
Tested 8/13 P. M. 29.0

(5) Picked 8/15 A. M.
Tested 8/15 P. 84. 28.5
Tested 8/16 P. M. 29.5

(6) Picked 8/20 A. 3sf.
Tested 8/20 P. M. . . 25.0
'fested 8/21 P. 84... 25.0

(7) Picked 8/22 A. 84.
Tested 8/22 P. M. 24.0-
Tested 8/23 P. M. 24.0

(8) Picked 8/25 P. M.
Tested 8/26 A. M. 24.0
Tested 8/26 P. M. 24.0-

(9) Picked 8/31 A. M.
Tested 8/31 P. 25.0-
Tested 9/1 P. 25.0

(10) Picked 9/3 A. M.
Tested 9/3 P. M. . . . 24.0
Tested 9/4 P. 84. . . . 25.5

(11) Picked 9/5 P. 84.
Tested 9/5 P. M. . . . 24.0
Tested 9/6 P. iii. . . . 25.0

(12) Picked 9/12 A. M.
(a) Tested 9/12 P. 84. . . 20.5

(53) Picked 9/16 A. 84.
Tested 9/16 P. M. . . 18.0-
Tested 9/17 P. M. . . 18.0-

No. of lots 1.3
No. of fruits to the lot 15
No. of pressure tests for each seading 45
No. of pressure tests to the lot 90

(one exception of 45)
Total No. of pressure tests 1123
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TABLE IX. GENERAL SUMMARY OF PRESSURE TESTS ON BARTLETTS
-APPROXIMATELY 6 HOURS AFTER PICKING

Orchard
Lot No. Date Fiero Bear Creek Hillcrest Speck Ave.

lbs. lbs. lbs. lbs. lbs.
I - /1 35.0 35.0 33.5 30.0 34.50

II 8/2 33.0 4.0 32 40 -
111 8/5 32.0 31.8 1
III 8/6 33.0 31.0 28.0 30.7

31.20

IV 8/8 81.0 81.0 28.0 30.1
IV 8/9 30.0 30.0 j
V /2 30.0 30.0 29.0 28. 29.20

3d.05

VI 8/15 .O 27.0 28.5 26.0 27.80
VII 8/19 27.0 26.0 24.5 25.8 1

25.40VII 8/20 25.0 25.0
VIII 8/22 25.5 25.0 24.0 23.0 24.40

IX 8/26 25.0 24.5 24.0 24.0 24.30
L !/

XI 8/31 25.0 -

9/3 24.0
XTTT 9/5 24.0

- XIV 9/12 20
XV 9/16 18.0

TABLE X. GENERAL SUMMARY 01' PRESSURE TESTS ON BARTLETTS
-APPROXIMATELY 30 HOURS £FTER PICKING

Orcnard
Lot No. Date Flora Beat Creek Hillcrest Speck Ave.lbs. lbs. lbs. lbs. lbs.

- 1 8/2 38.0 86.2 87.0 -- 3".7
IT 8/3 36.2 86.0 3l

III 8/6 31.8 34.0 29.2 31.7 1
33.7III 8/7 33.8

Iv 8/9 30.5 32.0 20.0 30.51
30.7IV 8/10 3.0 31.0

V 5/J 3 32.0 30.8 29.2 28.5 1.0
VI 8/16 30.2 29.2 29.5 28.0 29.2

VII 8/20 27.2 0.8 24.8 26.2 1
25.6VII 8/21 25.0 25.0

VIII 8/23 26.2 25.7 24.2 22.7 24.7
IX 8/26 24.3 24.5 22.8 23.5 24.0
X 8/30 20.0

XI 24.8 -

9z4 25.5
XIII ----- 25.2
XV 9/17 17.8 -



(5) Picked 9/3 A.
Tested
Tested

(5) Picked 9/7 A.
(a) 'rested
(1)) Tested

2.09 2.19 2.07 2.20
9 95 2.31 2.20

2.24 2.23 2.15 2.17

2.27 2.29 2.21 2.31
2.41 2.38 2.28 2.34

2.43 2.47 2.28 2.39

2.61 2.55 2.33 2.59

2.68 2.61 2.32 2.49

2.56 2.64 2.33 2.58

2.46

2.25
2.32

2.31

2.30

2.29

TABLE XII. SUMMARY OP PRES-
SURE TESTS.-BOSC

St.
9/3
0/4
12.

11/7
9/8
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TABLE XIII. SUMMARY OP PRES-
SURE TESTS-BOSC

2.12

2.26

2.20

2.27
2.35

2.

2.52
2.52

2.53

Kenly Orchard
Ave. Ave.
lbs. (1) Picked 8/22 A. M. lbs.

25.1) () 'reld 8/22 P. M. . . 26.5
25.0 (b) Tested 8/23 P. 12. . . 26.5

Picked 8/25 A. 12.
24.0 (a) Tested 8/25 A. 12. . . 27.5-
23.1 (b) Tcstcd 8/26 P. M... 26.5

Picked 8/28 A. 12.
24.5 (a) Tested 8/28 P. M... 26.5
24.5 (Ii) Tested 8/29 P. 12... 26.0

(1) Picked 8/31 A. 12.
24.5 (a) Tested 8/31 P. 81 25.5
25.0 (b) Tested 9/1 P. 12. 25.0

Picked 9/3 A. 12.
23.5 (a) Tested 9/3 P. 12....24.0
25.5 (b) Tested 9/4 P. 12. . 25.5

Picked 9/7 A. 12.
22.5 (a) Tested 9/7 P. 12. . 25.0
24.5 (h) Tested 9/8 P. M....25.0

No. of tots used 6 No. of tots used 6

No. of pears in each let 15 No. of pears in each lot 15

No. ci pressure records to the tot .. 90 No. of pressure records to the lot 00
Tetat No. of pressure records 540 Ttat No. of pressslre records 540

TABLE XI. DIAMETER MEASUREMENTS OP BARTLETT PEARS
USED FOR PRESSURE TEST

Orchard

Lot No. Piers Bear Creek Rilcrest Speck Ave.
Inches Inches Inches Inches Inches

Bear Creek Orchard

Pieked 8/22 A. TI.
(n) Tested 5/22 P. M.
(b) Tested 8/23 P. 12.

Picked 8/25 A. M.
Tested 8/25 A. 12.

rested 8/26 P. 12.
(I) Picked 8/28 A. M.

(a) Tested S/28 P. M.
(h) Tested 8/29 P. 12.

(1) Picked 8/31 A. 12.

(a) Tested 8/31 P. M.
(h) Tested 9/i P. 12.



TABLE XIV. SUMMARY OF PRES-
SURE TESTS-BOSC

Hillcrest Orchard
Ave.

(1) Picked 8/22 A. M. lbs.
Tested 8/22 P. M. 24.0
Tested 8/23 P. M. 23.5

(2) Picked 8/25 P. M.
Tested 8/26 A. 31. 24.5
Tested 8/26 P. M. 23.5

(3) Picked 8/28 A. M.
Tested 8/28 P. 31. . . 22.5
Tested 8/29 P. 31. . . 23.0

(4) Picked 8/31 A. M.
Tested 8/31 P. M... 24.5
Tested 9/1 P. M. . . 24.0

(5) Picked 9/3 A. 31.
Testcd 0/3 P. 31. . . . 22.5
Tested 9/4 P. M. . . . 24.5

(Ii) Picked 9/7 A. 31.
Tested 9/7 P. 31. . . . 23.5
Tested 9/8 P. M. . . . 24.5

Picked 9/16 A. 31.
(a) Tested 9/16 P. 31. . . 23.5
(ii) Tested 9/17 P. M. . . 23.5

Picked 9/19
Tested 9/19 P. 31. . . 21.5
Tested 9/20 P. 31. . . 20.5

No. of lots used 8
No. of pears in each lot 15
No. oi pressure records to the lot . 90
Total No. of pressure records 720
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TABLE XV. SUMMARY OP PRES-
SURE TESTS-BOSC

Hollywood Orchard
Ave.

Picked 8/22 A, 31. lbs.
(o) Tested 8/22 P. M. . . 25.5
(h) Tested 8/23 P. 31. . . 25.0

2) Picked 8/25 P. 31.
Tested. 8/26 A. 1(1. 25.0
Tested 3/26 P. M. 24.5

'3) Picked 8/28 A. 31.
(a) Tested 8/28 P. M. 24.0
(is) Tested 8/29 P. 31. 24.5

Picked 8/31 A. 31.
Teotcd 8/31 P. M. 24.0
Tested 9/1 P. M. 24.0

(5) Picked 9/3 A. M.
Tested 9/3 P 23.0
Tested 9/4 P 25(1

'6) Picked 9/7 A. M.
(a) Tested 9/7 23.0
(is) Tested 9/8 24.5

(7) Picked 9/16 A. M.
(a) Tested 9/16 P 20.0
(is) Tested 9/17 P 20.5

(81 Picked 9/19 A. M.
Tested 9/19 P. 31. . 20.0
Tested 9/20 P. M. . 20.0

No. of lots used 8
No. of pears in each lot 15
No. of pressure records to the let 90
Total No. of pressure records 720

TABLE XVI. GENERAL SUMMARY OF PRESSURE ¶ITSTS ON BOSC-
APPROXIMATELY 6 HOURS AFTER PICKING

Orchard

Let No. Date Bear Creek Hillcrest Kenly Hollywood Ave.
lbs. lbs. lbs. lbs. lbs.

I 8/22 25.2 24.0 26.7 25.3 25.3

27.3 25.0 25.2

26.3 24.2 24.7

25.5 24.2 24.7

21.2 23.2 23.4

25,0 23.0 23.4

20.2 21.7

20.2 20.8-

II 8/26 24.0 24.5

III 8/28 24.7 23.5

IV 8/31 24,5 24.5

V 9/1 23.5 22.7

VI 9/7 22.5 23.3

VII 9/16 23.3

VIII 9/19 21.5
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TABLE XVII. GENERAL SmtMARY OF PRESSURE TESTS ON BOSO-
APPROXIMATELY 30 HOURS AFTER PICKING

Orchard
Let No. Date Bear Creek Hillcrest Kcnly Hollywood Ave.

lbs. lbs. lbs. lbs. lbs.

I 8/23 250 23.5 26.5 25.0 25.0

II 8/26 22.3 23.3 26.7 24.7 24.5

III 8/20 24.5 23.2 28.0 24.5 24.5

IV 9/1 25.0 24.0 23.2 24.2 24.6

V 9/4 25.3 2.7 25.7 25.2 25.2

VI 0/8 24.3 24.5 25.2 24.5 24.6

VII 0/17 23.3 20.5 22.0

VIII 9/20 20.5 20.0 20.2

TABLE XVIII. DIAMETER MEASUREMENTS OP EOSC PEARS
USED FOR PRESSURE TESTS

Orchard

Lcl No. Date Hear Creek Hillcrest Kenly Hollywood Ave.
inches inches inches inches inches

I 8/22 2.47 2.30 2.46 2.39 2.45

II 8/26 2.43 2.28 2.42 2.38 2.38

III 8/29 2.03 2.45 2.61 2.39 2.52

IV 9/1 2.61 2.33 2.53 2.40 2.47

\r 9/4 2.56 2.57 2.51 2.44 2.52

VI 9/8 2.62 2,53 2.62 2.50 2.57

VII 9/tO 2.50 2.45 247

VIII 9/19 2.50 2.49 2.49
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RESULTS

As seen from tables of summaries of pressure tests (Tables V, VI,
VII, VIII), there is a distinct correlation existing between the degree of
maturity and resistance of the cortex and epidermal tissues to pressure.
This is well indicated by a gradual change and lowering in pounds of
pressure required to force the ball into the fruit. It should be borne
in mind that these records are averages of 45 pressures each. More
cumulative averages of 180 pressures each, as exhibited by tables of
general summaries (Tables IX and X), are still more uniform and strik-
ing. During the height of the shipping season of the Bartlett (about
25 days), there is a gradual lowering in resistance of approximately
half a pound each twenty-four hours in the case of this variety as de-
termined by the same pressure (Fig. 11). This is but natural and
indicative of a general change taking place during this time in maturity
of the fruit.

The results of this preliminary investigation show most convincingly
that this test can be used quite satisfactorily for determination of the
time of harvesting of Bartlett pears, and possibly other varieties, also,
as will be shown below. It is apparent, of course, that the unit of
measurement, as expressed in pounds of pressure, is but comparative
and is directly dependent upoii the volume of the hemisphere used (in
this case half a steel ball of 7/16 inches in diameter). So, too, a sea-
sonal variation in either direction is to be expected. Moreover, eco-
nomic factors determining the time of shipping and marketing will tend
to influence the time of picking. It is thus seen that if the condition
of maturity of Bartletts shipped from the Rogue River Valley in 1918
can be expressed by a gradually lowering record of pressure of from
34 to 24 pounds, it does not necessarily mean that the same pressure
record will hold true the next season. A number of such seasonal tests
would, however, bring out a fairly accurate and far more reliable average.
The paramount value of this test lies in the fact that it affords a tangi-
ble unit of measurement by which to express in a more or less reliable
way the exact stage of maturity of the Bartlett. In this respect this
one year's test appears to be fairly definite and conclusive.

There are some details in connection with this inquiry which merit
further attention. As indicated by Tables IX and X, pressure tests
taken about six hours after picking are distinctly more reliable than
those obtained twenty-four hours later. Fruit used for this second set
of records was kept at ordinary room temperature. It being warm during
the shipping season, the epidermal and cortex tissues were naturally
affected during this time, resulting in a marked increase in pounds of
pi-essure required to push the same ball into the tissues. As the season
progressed, increase in pliability of the epidermis resulting in a greater
resistance was partly and later totally overcome by a neutralizing factor
brought about by a rapid increase in ripeness of the tissues of the cortex.
At the end of the season, pears kept at ordinary room temperature for
twenty-four to thirty hours showed themselves markedly riper when
comparec with freshly picked fruit or fruit kept only six hours at the
same temperature. Pressure tests taken at this time show the effects
of this condition upon the pressure records in a most convincing man-
tier; we have actually reverse conditions of those existing at the be-
ginning of the season.

The question may be asked to what extent, if any, increase in
diameter of the fruit is responsible for the gradual decrease in resist-
ance to pressure. To answer this, transverse diameters of every speci-
men used for testing were carefully measured (Table XI). Moreover,
in connection with the first lot tested a double amount of fruit was used.
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The pears were grouped into two lots, each representing average extremes
in diameters. No difference in resistance was noted. A table of sum-
mary of diameters of all specimens used shows, too, that there is no
strict correlation between increase in diameter of the fruit and a gradual
and definite lowering of resistance to pressure.

In order to learn whether such a test would be applicable to other
varieties than the Bartlett, the Bosc was tested in a similar way during
its shipping season. The results obtained are very much like those
with the Bartlett. The decline in resistance to pressure of this variety
is, however, not nearly so rapid and definite, though the quite gradual
sloping of the curve (Fig. 12) is fairly indicative of the continuous
change of maturity of this fruit. The difference of the two varietes
in this respect is probably due to a much slower ripening of the Bosc
and to the character of the epidermis of this variety. The Bosc is more
or less covered with russet of an indefinite amount and extent, which
markedly interferes with this kind of testing.

INFLUENCE OF TIME OF PICKING AND TYPE OF STORAGE
UPON KEEPING QUALITY OF BARTLETT PEARS

It is commonly acknowledged that the shipping and keeping quality
of Bartlett pears is dependent not only upon the kind of storage used, but
also upon the time of harvesting of the fruit, it being more or less imma-
terial of course whether such fruit is stored during transit or at point of
destination. While the ordivary types of storage are largely the out-
growth of our present means of transportation and have become standard-
ized to an appreciable degree, a great diversity of opinions still exists
among fruit growers, especially of the Rogue River Valley, as to the
exact picking time for pears, especially Bartletts. Any additional light
that might be thrown upon this question would therefore be of material
assistance to all concerned.

Some work undoubtedly has been done concerning this matter either
here or elsewhere. The results of such investigations are, however, as
yet of very little practical value. The Oregon Experiment Station, for
instance, has but a single season's records on the length of keeping of
Bartletts in a number of storages (3). This information, however, be-
cause of seasonal differences, can not be considered final. It is im-
portant that more data be gathered, in order that more reliable conclu-
sions may be drawn from such investigations. it was accordingly con-
sidered necessary to make additional observations during the season of
1918 on the length of keeping of Bartletts under storage conditions as
nearly like current commercial practice as was possible under existing
circumstances.

METHOD OF PROCEDTJRE

Fruit for this study was obtained from previously selected average
trees in the Speck, Bear Creek, Hillcrest and Fier& orchards. These
orchards were chosen because of extreme and typical variability in soil,
moisture content, and age of trees. (For description of orchards see
page 8.)

Five pickings, at intervals of seven days, were taken from each
of the above orchards. This was begun somewhat in advance of. the
commercial harvesting season and extended a number of days beyond it.
Two lug boxes of fruit were removed with each picking, the first, of speci-

(3) C. I. Lewis, .i. R. Magness, and C. C. Cate. Preliminary Report of Pear
Harvesting and Storage Investigations in the Rogue River Valley.'' Ore. Agr. Exp.
Sb. But. 114, 1918.
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mens measuring 2% inches and over at the largest transverse diameter;
the second, of fruit of all sizes, obtained by picking clean a number
of branches on each tree. In both cases care was exercised to select
branches at various heights on the trees and in all exposures.

After picking, the fruit was brought in, allowed to cool till the fol-
lowing morning in the basement of a packing house, and then carefully
wrapped and packed in half-boxes for final distribution and storage.
Each box contained about fifty pears.

Usually picking was done in the forenoon. The fruit was allowed
to cool for a few hours in the common storage of a packing house and
then packed on the same day or else kept till the next morning for
distribution. A final lot for storage consisted in each case of about
forty-five pears placed in a half box. In wrapping and packing, an
endeavor was made to approximate quite closely ordinary commercial
practice. The ultimate distribution of each lot was as follows:

A. Specimens of 2% inches or over:
V4 boxcold storage
14 boxcar temp. (12-15 days)

14 boxcorn, storage (12-15 days)
13. Specimens of all sizes:

(b) '4 boxcold storage

14 boxcar temp. (12-15 days)

14 boxcorn, storage (12-15 days

5 14 boxcold storage
1% boxroom temp.
14 boxcoons temp.
14 boxcold storage

14 boxrocm temp.
Vs boxcold storage
'/s boxroom temp.
14 boxcold storage

Excepting in the case o that part of each picking kept strictly in
cold storage from the very start, all fiuit was examined at intervals
of three to four days. Notes were taken on the external condition and
eating quality of each lot.

DESCRIPTION OF STORAGES USED

Cold Storage. An ordinary cold-storage room of the Medford Ice
and Storage Company was used. The average temperature of this room
was about 36° F., dropping down to about 351 F. during the latter part
of the season. A number of determinations showed the average humidity
to be about 82 percent. There was no ventilation excepting what took
place during the time of opening and closing the door while entering
the room.

Car-Temperature Storage. A hallway adjoining the main ice-
storage room of the Medford Ice and Storage Company, was used. One
end of this hallway being quite open, good ventilation was afforded, but
with conseqruent fluctuations iii temperature of about 10° F. and 15 per-
cent in humidify. The average temperature of this storage was 53° F.;
humidity, 73 percent.

Common Storage. The excellent common storage of the Bardwell
Packing House was used. The facilities for ventilation were very good
indeed. An even temperature prevailed most of the time. It averaged
about 65° F. Humidity, about 70 percent.

Room-Temperature Storage. One of the ordinary office rooms
in the Garrett-Corey Building at Medford was at our disposal. While
used for storage purposes this room was kept well ventilated by opening
windows at night and closing them during the day. There was quite a
fluctuation of temperature, the average being about 73° F. Average
humidity, 47 percent.
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TABLE XX. INFLUENCE OF TIME OF PICKING A.ND TYPE OP STORAGE
UPON KEEPING QUALITY OP BARTLETT PEARS

Summary of all orchards
Date of No. of days in storage
picking Lot Corn. storage to roofs temp. Prime Eating'' ' Gone'
7/30 I 17.0 23.0
8/5 II 16.0 22.0
8/12 Ill 13.0 19,5
8/19 IV 11.0 18.0
8/27 V 11.0 20.0

Average 13.6 20.5

Corn, storage to cold storage
7/30 1 33.5 46.0
8/5 II 28.0 46.0
8/12 III 20.0 14.0
8/19 IV 17.0 27.0
8/27 V 20.5 29.0

Average 23.8 36,0

Car temp. to room temp.
7/30 I 17.5 25.0
8/5 II 16.0 23.0
8/12 III 15.0 21.1)
8/19 IV 13.5 19.0
8/27 V 14.0 18.0

Average 15.2 20.4

Car temp. to cold storage
7/30 I 34.0 45.0
8/5 II 30.0 43.5
8/12 HI 24.5 34.0
8/19 IV 16.5 26.0
8/27 V 23.0 30.0

Average 25.6 35.7

TABLE XIX. INFLUENCE OF TIME OF PICKING UPON KEEPING QUALITY
BARTLETT PEARS IN COLD STORAGE

Summary of all orchards No. days in
Lot Dote of picking Orchard storage before gone''
I 7/30 Sperk 95

7/30 I"iero 98
7/80 Hillcrest 98

Average 97

II 8/5 Speck 102
8/5 Bear Creek 120
8/5 Fiero 102
8/5 Hillcrest 120

Average 111
III 8/12 Speck 100

8/12 Bear Creek 122
8/12 Fiero 114
8/12 Hillcrest 114

Average 112

IV 8/19 Speck 107
8/19 Bear Creek 126
8/19 Fiere 116
8/19 Hillcrest 125

Average 118

V 8/27 Speck 99
8/27 Hillcrest 101

Average 100
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RESULTS

Effects of Cold Storage on Keeping Quality of BartlettsTable XIX.
The results obtained from this investigation corroborate quite closely,
though not exactly, the conclusions obtained from our previous year's
work. The differences in this case are undoubtedly due to the differ-
ences in temperature and humidity in the storages used.

A study of Table XIX will show that pears, kept strictly in cold
storage from the very start, held up for from 97 to 118 days, the differ-
ence being in favor of lots procured during the latter part of the season.
In this respect it is seen that there was a gradual and steady increase
in keeping quality of the fruit as the season progressed, a drop occurring
only at the very end of the harvesting time.

As almost all the fruit broke down because of scald, these figures
are not entirely indicative as to the length of time Bartletts may be
kept in cold storage. Most of the fruit was not quite ripe at time of
discarding.

Both lots, those of "21/4 inches and over" and of "all sizes," decayed- at
practically the same time. This is in complete agreement with the re-
sults obtained from our previous work and indicates once more that there
is no difference in respect to the time of decay of large and small fruits
picked at the same time. This was also true of all Puch lots of Bartletts
as were kept in other storages than common cold storage.

Effects of Various Types of Storages upon Keeping Quality of Bart-
lettsTable XX. Pears kept for 12 to 15 days in common storage and
then transferred to room temperature were in "prime eating" condition
in about 14 days and had decayed in about 20 days. "Prime eating" in
this instance, as in all other cases, was determined by the golden yellow
color and the characteristic flavor and juiciness of good, ripe Bartletts.
When over fifty percent of specimens of each lot had decayed, rthe
whole lot was declared gone" and was discarded.

Not much difference in keeping time was noticed in the case of
fruits which were kept in car temperature for 12 to 15 days and then
brought to room temperature. Such lots decayed on the average in 15
days and were gone also in 20 days, similar to those which were kept
in common storage followed by room temperature. Evidently a drop
in the average temperature of 65° F. to 53° F. did not check to any
appreciable degree the ripening processes of Bartletts. The difference
in average humidity of the two storages was only 3.5 percent.

When fruit which had been kept in common storage for 12 to 15
days was transferred to cold storage, the prime eating condition was
extended on the average to 24 days. This fruit decayed in 36 days.
Practically the same was true of lots kept for 12 to 15 days in car
temperature and then transferred to cold storage. Pears in these lots
were ripe in 26 days and had decayed in 36 days. Here, too, hardly any
difference was noted between the effects of common storage temperature
and car temperature used during the first 12 to 15 days of the storage
time.

All pears of Lot I and some of Lot II were much inferior in eating
quality to any other lot picked on later dates. This is but natural. Ex-
tremely early pickings of Bartietts come at a time when the fr-nit is in
a decidedly unripe condiUon, when hardly a trace of starch has changed
into sugars. Though such pears ripen in storage and attain a good yellow
color they are usually puckery, dry and leathery in texture, and lacking
in sweetness and juiciness. Within the limits of storages used, it was
noted that a relatively high temperature, combined with a high percent-
age f humidity, permitted the best ripening of such early Bartletts.
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There was no appreciable difference in eating quality of fruit picked
during the height of the season and that picked extremely late. All such
fruit was of excellent quality and quite uniform in texture and flavor.

The most interesting and perhaps the most important point brought
out by this investigation is the difference in keeping quality of pears of
Lot V as compared with those of Lot IV. In all cases, and practically
under all storage conditions, this lot was of the last picking in the re-
spective orchard, being picked eitheil at the very end of the season or
a number of days beyond it, depending upon the orchard. Yet in every
instance the fruit of Lot V exhibits a much better keeping quality than
could naturally be expected from fruit which had been on the tree about
a week longer than thal of Lot IV. In some instances this difference
amounted to as much as six days (Table XX) (Lot V.--Car temperature
to cold storage).

There is one plausible explanation for this rather remarkable be-
havior. May it not be possible that, on the average, fruits of the last
picking were not much riper than those of Lot IV, which were gathered
abOut a week ahead of Lot V? A quite careful examination of Bartletta
still hanging on trees at the very end of the season showed that there
was more or less tardiness in ripening of this fruit. A large number of
specimens actually remained in apparently the same stage of maturity
foil a long time. Moreover, conversation with growers of practical ex-
perience brought cut the opinion that in some instances very late Bart-
letts may be shipped as safely to distant markets as those picked during
mid-season. No other plausible reason for this phenomenon can be
offered at this time. A few questions, however, may be raised in this
connection.

Recent observations by Shamel (4) and Taylor and Overholser (5)
indicate that relatively high temperatures tend to prolong the ripening
processes of Bartletts, due to a partial check of the physiological activi-
ties in the fruit. Examinations of climatological records of the Medford
Station show that at the time of picking of fruit of Lot V and about a
week preceding this date the highest maximum and minimum tempera-
tures of the season had been registered. It is possible that, because of
extreme temperatures, the development of Bartletts is frequently re-
tarded to an appreciable degree.

The above statement should not be understood, however, as a final
and conclusive opinion regarding cause of delay in ripening of Bartletts
during the latter part of the season or when hot temperatures may pre-
vail. Nevertheless, it seems that it would be worth while to consider
this question from a practical point of view. It would be a great ad-
vantage it a few carloads of Bartletts could be shipped from the Rogue
River Valley quite late in the season, thus avoiding the frequent over
crowding of the markets during the height of the shipping period.

EFFECTS OF VARIOUS TYPES OF STORAGE UPON THE KEEPING
AND EATING QUALITY OF BOSC PEARS

During our previous year's investigation the greatest difficulty was
experienced in obtaining Bosc pears of good quality when held under
practically any kind of storage conditions with an average temperature
below 700 F. No Bosc ripened well in cold storage. At the time of re-

A. D. Shamel, Some observations upon the rolation of humidity to ripening
nd storage of fruits.' Monthly Bul. State Commission of Horticulture of California,

Vol. VI, No. 2, Feb., 1914, pp. 39-41.
N. H. Taylor and N. L. Overholser, Some effects of high temperatures and

humidity upon the keeping quality of Bartlett pears.'' Monthly But. State Commission
of Horticulture of California. Vol. III, No. 1, March, 1919, pp. 118-125.
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moval all such fruit was usually worthless for commercial purposes, the
surface being soft or decayed, while the interior was still green and
hard. Similar results, though of a less striking degree, were obtained
when Bosc pears were kept under car temperature (50° to 62° F.; humid-
ity 60 to 70 percent). Only a few specimens ripened well enough to be
of good quality; the rest exhibited a tendency to become mellow on the
outside, the interior remaining quite hard and unpalatable. This in-
vestigation thus showed that cold storage was very detrimental and car
temperature very undesirable for Bosc pears, unless a better way of
handling could be devised.

No valid reason for this behavior was apparent from this first year's
work. It was suggested, however, that possibly low temperatures had a
tendency so to retard the normal ripening processes of the fruit
changes of starches to sugars, etc.that it remained green in the interior
while the tissues of the peripheral region were undergoing a physical
breakdown. Chemical analysis showed that there was considerably less
sugar present in Bosc pears ripened in cold storage than in specimens
kept under a temperature of 70° F. (6).

The above results suggested that possibly a delay of ripening for a
week or longer in pears of this variety would facilitate an initial change
which would then proceed when such fruit was later placed under
lower temperatures or even in cold storage. To state it in another way,
it was thought that a partial ripening, followed by a more or less com-
plete check in the physiological changes because of lower temperature,
would permIt the storing of Bosc pears with far better results than
where cold storage or car temperature was used from the very beginning.
With this view in mind a series of storage tests with Bosc pears was
conducted during the season of 1918.

METHOD OF PROCEDURE

Pears from the following orchards, exhibiting characteristic differ-
ences in soil, moisture content, age of trees, and treatment received,
were used for this investigation.

Bear Creek. Heavy clay soil, irrigated. Trees 12 to 15 years old.
Good crop, well sized and colored.

Kenly. Quite heavy soil, irrigated. Trees 10 to 12 years old. Medium
good crop of well-formed fruit.

Hillcrest. Very heavy soil, non-irrigated. Trees 15 years old.
Heavy crop, but fruit of small size.

Hollywood. Medium heavy soil, non-irrigated.
heavy crop of medium- to small-sized fruit.

Only average, typical fruit from average previously selected trees
was used for this work. Picking was done entirely by men in charge
of this investigation and at intervals of seven days each, beginning a
number of days in advance of commercial harvesting time in the respec-
tive orchards and extending a week or so beyond it. Altogether folir
lots of two lug boxes each were obtained from each orchard.

Trees with rather

(6) 0. I. Lewis, .1. R. Magnees, and C. 0. Cate, 'Preliminary Report of Pear
Harvesting and Storage Investigations in Rogue River Valley.'' Ore. Agr. Rap. Sla.Bul. 154, 1918.
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After being picked, the fruit was brought in, allowed to cool till the
following morning in the basement of a packing house, and then care-
fully wrapped and packed in half-boxes for final distribution and storage.
Each box contained about fifty pears.

Storages used.
Cold storage.
Room temperature storage.
Common storage (Bardwell's).
Car temperature.
Delay 7 days, then cold storage.
Delay 7 days, then car temperature.
Delay 7 days, then car temperature for 12 to 15 days, then cold

storage.
Delay 7 days, then car temperature for 12 to 15 days, then room

temperature.
Delay 14 days, then cold storage.
Delay 14 days, then car temperature.
Delay 14 days, then car temperature for 12 to 15 days, then

cold storage.
(I) Delay 14 days, then car temperature for 12 to 15 days, then

room temperature.
All of the "delayed" lots were kept in a storage room of the Bard-

well's Packing House. Quite a range in temperature was registered in
this room, averaging about 7Q0 F. most of the time. A low percentage of
humidity was found to prevail in this room, approximating 50 percent.
Fairly good ventilation was possible.

For description of other storages used see page 26.
It is seen that in choosing the different types of storage special at-

tention was paid to delay of 7 days and 14 days respectively. The possi-
ble range in temperature and humidity was also taken into consideration.
The usual commercial practices in transportation and storage of pears
were likewise kept in mind.

All fruit was examined at intervals of five days and judged in re-
spect to ripeness and keeping quality by both external change in color
and texture. As soon as the majority of pears of eack lot had turned
ripe, samples were tested for texture and eating quality. Lots that
showed more than 50 percent decay were discarded.



*182 to 216 days.

TABLE XXI INFLUENCE OF TIME OP PICKING AND TYPE OF STORAGE UPON KEEPING QUALITY OF BOSO PEARSSUM-
MARY OF ALL ORCHARDS

Lot I Lot II Lot III Lot IV
Prime Prime Prime Prime

Eating Gone'' Eating 'Gone'' Eating ''Gone'' Eating ''Gone''

*182/2161 . ._ 174 167 195
34 50

I
27 50

I
37 50 30 42

Kind of storage

(a) Cold storage
(b) Room temperature
(c) Common storage 53

I
32 66 59 29 53

(d) Car temperature 30 63 32 70 30 75
(e) Delay 7 dayscold storage 182/2161 . 174

I
167/196 I 196 184 . .

(f) Delay 7 dayscar temperature 27

155

48

I 27 46

135

46

36

91

62 I

141

7

33

92

33

I

I

75

135

45

(g) Delay 7 dayscar temperature
cold storage

(h) Delay 7 dayscar temperature
room temperature

I
106

29

95

27
(i) Delay 14 dayscold storage

I
156 182 148

I 167 135
I 195

(j) Delay 14 days--car temperature . . .1 35 59 36
I

65 I 38 74 88 I 41
(k) Delay 14 dayscar temperature

Icold storage I 47(1) 137 98 138 63 141 85 I 116
(1) Delay 14 days--car temperature

room temperature 35
I

50 38
I

55 35 50 32 50
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RESULTS

As stated above, the prime object of this investigation was to learn
what effect, if any, has a delay of a week or two weeks upon the storage
and eating quality of Bosc pears, especially when kept in ice-cooled
storage. In other words, an endeavor was made to answer the question
whether ripening to a certain extent, more or less approximating natural
ripening of this variety on the trees, would be of value in preserving
Bosc pears in cold storage.

An analysis of Table XXI,* showing in condensed, numerical form
the influence of time of picking and type of storage upon keeping quality
of Bose pears, reveals certain interesting facts, which merit further
attention.

Lots of all pickings delayed 7 or 14 days and then placed in cold
storage, (e) and (i), showed that there was hardly any difference in
respect to the time of keeping of such fruit when compared with lots
that were kept in cold storage only, (a). Those delayed for 14 days be-
fore going to cold storage differed, however, from others in that they
ripened to a certain extent in about five months and decayed in approxi-
mately six months, whereas the other lots considered in this case all
decayed before turning ripe. But in no instance was the fruit of quality
good enough to encourage such a procedure, though a few specimens
ripened fairly well when removed from cold storage at the end of six
months. No pears of quality were obtained from strictly cold storage
lots.

A delay of 7 and 14 days respectively, followed by storage under
car temperature, (f) and (j), had practically the same effect as when
the fruit was stored at once in car temperature, (d). All specimens
under these conditions were ripe and of prime eating quality in 30 to 35
days; they decayed in 55 to 70 days. Delay of 14 days before placing
in car temperature, (j), seems to have extended the time of ripening
by 2 to 3 days. This was probably due to the low percentage of humid-
ity in the delay room, which apparently interfered with the normal
ripening of fruithydrolysis of starches into sugars, etc.and was
somewhat detrimental to the good texture and quality of most of the
specimens. But this point will be considered in detail farther on. All
Bose pears kept under the above storage conditions were of very good
eating quality when fully ripe, excepting, as mentioned above, the some-
what leathery and flat condition of those delayed for 14 days, (j).

When a delay" of 7 days was followed by car temperature of 12 to
15 days and then cohi storage (g), fruit in all lots was in 'prime eating"
condition in about 3 months and decayed in 4 to 5 months. A fairly
good quality was obtained under these conditions, though a few speci-
mens of each picking and all of those of Lot I remained rather flat and
quite leathery.

A great improvement in eating quality was noticed when a delay
of 14 days was afforded in place of 7 days, followed by car temperature
of 12 to 15 days and then cold storage (k). Lots so treated were in
"prime eating" condition in 2½ to 3 months and exhibited very good

*Duriog the progress of this investigation it was evident that Boors from the
Hollywood orchard were in a decidedly unsatisfactory condition. All lots from this
orchard decayed from a week to a month earlier than those from any other source.
in many instances almost half of the Hollywood fruit had to be diocsrded because of
p1 esenre of codling moth larvae. Hence in summscizing results it was thought better
not to include records of fruit from this orchard. Data from the three remaining
orchardsBear Creek, Hillcrest, and Kenlyhave been useil in drawing conclusions.
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quality, excepting for a few pears in Lot I. This type of storage ap-
peared to be the most promising way of handling Bosc pears for keep-
ing in cold storage. All fruit decayed in this storage in about 4 months.

Lots which were delayed for 7 days, then put in car temperature
for 12 to 15 days, and finally kept in room temperature, (h), ripened
very well in 30 to 35 days and were "gone" in about 45 days. Good
quality was exhibited by most of the fruit under these conditions with
but a slight tendency to be somewhat dry and flat in flavor. When lots
were kept under similar conditions excepting a delay of 14 days instead
of 7, (1), "prime eating" condition was reached about a week later. Such
lots decayed also a week later or in little over 50 days. This was, how-
ever, at a great sacrifice in texture and flavor. Probably the low humid-
ity of the delay room (51 percent) and of the storage at room tempera-
ture did not allow a proper ripening of Bosc pears by overbalancing the
beneficial influence of the satisfactory humidity conditions (73.4 percent)
of the car temperature storage.

Similar results but in more striking degree were obtained when
lots of each picking were kept in room temperature, (b), from the very
start. Prime eating" condition was reached in each case in 30 to 35
days. They decayed and had to be discarded in approximately 50 days.
Such fruit was decidedly leathery and dry in texture, had shriveled
very considerably, and was flat and tasteless.

Quite contrary results were obtained when lots were kept continu-
ously in common storage (Bardwell's). All fruit in this case was very
fine in texture, juicy, and of most excellent flavor. Evidently the fairly
high degree of humidity in this storage permitted proper hydrolysis of
starches into sugars, while the slightly low temperature was not detri-
mental to the ordinary rapidity of ripening of this variety of pears. In
this storage Bose pears were in "prime eating" condition in 30 to 35 days
and 'gone" in about 5& days. In this case there was no appreciable
shriveling.

Both records and observations thus tend, to indicate that the most
favorable storage for ripening of Bosc pears, with a view of but slight
increase in time of keeping, would be a temperature approximating the
common storage and car temperatures used in connection with this in-
vestigation, combined with a relatively high degree of humidity.

It may be stated in this connection that from observations made
during thig season it was quite evident that not only low temperature
but also a relatively low percentage of humidity had a tendency to re-
tard the proper ripening of Bosc pears. As mentioned before, this
may have been due in this case, too, to a partial check in hydrolosis of
starches into sugars because of a low percentage of moisture in the fruit
caused by excessive transpiration. Moreover, lack of the proper amount
of humidity produced, considerable shriveling of pears in ordinary tem-
peratures. Thus lots delaye for 7 to 14 days showed a large amount
of drying or shriveling, especially at the stem end, which markedly
diminished their generally excellent appearance. Shriveling of Bosc
pears in each case was naturally accompanied by lack of juiciness and
lowering of eating quality. All pears kept in room temperature were
shriveled, dry, and leathery.

It may be stated in general that a strict correlation seems to exist
between good eating quality of Bosc pears and the percentage of humidity
in the storage used, provided, of course, that the proper temperature is
afforded. Pears in cold storage showed least shriveling, followed by
those in car temperature and common storage in the respective order.
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Certain pertinent facts may be deduced from the above considera-
tions. When the keeping quality of Bosc pears is extended beyond
normal limits two considerations of prime inrportancq must be kept in
mind: (1) An ascending gradient of moisture content correlated with
(2) a descending gradient of temperature of the comnonly used storages.
A proper combination of these two factors would probably give the right
storage conditions under which this variety of pears may be kept the
longest. Of the storages used during this investigation, common storage,
(c), car temperature, (d), and possibly delay of 14 days followed by car
temperature for 12 to 15 days, then cold storage, (k), approach as much
this ideal condition as any of those tested this season. Both relatively high
temperature with low humidity, (b), and low temperature combined with
high humidity, (a), were harmful to the proper ripening of Bosc pears.

Another fact of equal importance should be emphasized here. Fruit
picked very early in the season must be kept under storage conditions
permitting at least a partial ripening directly after picking and before
such fruit is placed under low temperature. Only thus may any kind of
quality be obtained from such early products. As the season progresses
there is less and less necessity for this procedure because of a natural
ripening of fruit on the tree.

When Bosc pears are to be kept in cold storage, a delay of about two
weeks seems to be essential. It would be perhaps still better if most of
the fruit were delayed for about three weeks in slightly lower temperature
than the one used for this test. In either case a fairly high percentage
of humidity is a paramount necessity for such initial storage. It is
evident also, that the higher the humidity the less time will be required
for a "delay" preceding cold or car temperature storage. All early Bosc
pears should be delayed much longer than those picked later in the
season.
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