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INTRODUCTION

The Dartlett pear is assuming g place of increasing importance in
the fruit industry of the Pacific coast. Both fresh shipments and
the packing of canned pears have shown a steady growth during the
Iast 10 years. In view of the fact that a large acreage planted to
Bartlett pears is not yet in bearing, it is probable that the tonnage of
this fruit to be handled, either in the fresh state or canned or dried,
will increase materially during the next few g‘&&rs.

Because of the highly perishable nature of this fruis, special care
in handling is necessary in order to put it on the market in good
condition and at the same time prolong the marketing season suffi-
ciently to take care of the rapidly increasing tonnage.

Bartlett pears on the Pacific coast are grown under & wide diver
sity of climatic conditions, ranging from those of the cool coastal
districts to those of the hot, dry interior valleys, The ripening char-

‘H, W. Rlchey and I. C. Bhilletter, of the Division of Pomology of the State Col-
tege of Town, nssisted in the work in Callfornig and made many of the tests hereln
reperted.  In the Wenntchee district L, A. Fletebor tuck o similar part.  The coopera-
tion of the froit end vegetabls standardizatiun buvesu of the Cailfornin Department of
Agriculrure through furnishing transportation apnd nsstetence by deediy npprecluted, The
ktorage tests at vecious temboretnres were mude pogsible by the cooperdtion of the Becurity
Warchouse & Cold Btoruge Co., Sun Jope, {Colif, '

58506°- .28 1 1
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acteristics of pears vary considerably under these different growing
conditions. :

The purpose of the investigations herein reported was to deter-
mine as accurately as possible the earliest stage at which Bartlett
pears may be picked and still ripen with satisfactory quality, the’
condition of fruit which when picked develops the best quality, and
the latest stage at which fruit may be harvested and still retain satis-
factory storage and dessert quality. It was also planned to make a
detailed study of the influence of storage temperatures upon the rate
of ripening of Bartlett pears, particularly on the effect of tempera-
fures similar to those which prevail in the tops and in the bottoms
of loads of fruit in refrigerator cars while in transit. These studies
have been made with fruit from different districts of Caltfornia and
from the Wenatcliee district of Washington,

TIMF FOR PICEKING BARTLETT PEARS

A number of investigations have been conducted to determine the
best time for picking Bartiett pears. Lewis, Magness., and Cate (5) *
studied the incicnse in size, the disappearance of starch from the
fruit, and the specific gravity of the juice in order to determine
whether any of these tests were closely associated with the dessert
and carrying quality of the fruit. It was found that the frut
increased in size as long us it was hanging on the tree. There was
a gradual disappearance of the starch from the fruit, but even fruit
which was no longer in the best picling condition refained so much
starch that this test was impracticable as a means of determining the
best picking date. The specific gravity of the juice did not change
suffi<iently to be significant. - Lewis, Murneel, and Cate (6), Mur-
neek (70}, and Hurtman (2}, continuing the study of Bartlett pears
in the Rogue River Valley and other districts of Oregon, found a
very close association between the softening of the fruit as measured
Ly & mechanical-pressure test and the stage of ripeness of the pears.

Cruess and Stone (/) followed the changes in size, soluble solids,
acids, and starch in Bartlett pears harvested at intervals from early
until late in the season. There was not sufficiant correlation of the
soluble solids, neids, or starch content of the fruit to give a satisfac-
tory measure of the tine the fruit was ready to harvest.

Al} of these investigations indicated that there was a dastinet im-
provement in the dessert quality of Bartlett pears up to a certzin
point as the fruit matured on the tree. One of the writers (7}, in a
detailed chemical study of the ripening and storage of Bartlett pears,
found that the sugar content. as measured by chemical analysis, in-
creased rather rapidly as Jong as the fruit remained on the tree. This
increase, on the average, ranged from 5 to 10 per cent for each 10-day
intervil. Titratable acidity at the same time was decreasing in
most of the fruit, although this change was very Irregular.

A1l of the investigations showed that neither size, nor sugar con-
tent as measured by the specific gravity of the juice, nor starch con- .
tent was a satisfactory indicator of maturity or of dessert quality
in Bartlett pears. The firmness of the flesh appeared to be the most

# Refczence fs made by itelic oumbers in parentheses to “ Literature cited, p. 26,
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HARDLING BARTLETT FEARS FROM PACIFIC COAST DISTRICTS 3

satisfactory index of pear maturity available. Consequently, it was
decided to follow in ‘detail the changes in firmness of the flesh in
pears from the principal commercial districts of Califorria and from
the Wenatchee district of Washington, and to determine the Limits of
satisfactory maturity as measured by the pressure-test method.
Careful determinations of the color between the lenticels or < dots »
were also made and recorded.

METHODS OF ESTIMATING FIEMNESS AND COLOR

In this investigation, the work was planned to give generai data
on the rate of so%tem‘ng of fruit in the different growing sections as
well as to determine the dependability of the pressure test as an index
of maturity or qnality.

At iutervals of 2 week to 10 days, general surveys were made of
some of the larger producing sections, and records were obtained of
the conditions of the fruit in a number of orchards. These orchards
were scattered throughout the different districts and represented an
average cross section of the conditions that prevailed in them.

In determining the condition of the fruit then in the orchard, the
larger specimens available at the time were used, these being the
pears which on the average would he harvested if picking operations
were under way on the date of making the test. Ten pears selected
from several trees were used for the togt in each orchard. The firm-
ness and the ground color of the fruit - 5 well as its size were recorded
as accurately as possible,

The firmness of the flesh was determined by means of the United
States Department of Agriculture pressure tester, using a plunger
point five-sixteenths of an inch in diameter. This tester (2) meas-
ures the pressure in pounds required to force such a rounded plunger
point into the fruit to the depth of five-sixteenths of an mch. In all
of the experiments herein reported the skin was removed from the
fruit, and the test was made directly on the flesh. Two or three tests
were made on each fruit,

The average ground coler on the pears used for pressure testing
wwas recorded by comparing the fruit color with the chart shown in
Plate 1. Round holes about three-fourths of an inch in diameter were

j or section. The peucs were then placed
behind the color chart, and the color between the lenticels was re-
corded jn terms of the chart colors, For example, color 1 would cor-
respond to No. 1 in the color chart; 134 would be half way between
No. 1 and No. 2; color 2 to 8+ would represent colors similar to
No. 2, or slightly more yellow.

addition to the pressure-test and color determinations careful
notes were made of tlie browning of the lenticels or dots due to the
formation of cork. One of the writers (9) had found this to be a
fairly good indication of the approach of picking maturity. The
ease of separation of the fruit from the spur and the finish of the
fruit were also noted. The term © finish ” refers to the rounding out
of the fruit and to the characteristic smoothness and waxiness taken
on by the skin as the fruit matures,

Besides the frujt used for pressure testing, several pears from each
orchard were taken at the time of each survey and held for 12 days
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at a temperature of about 52° . This represents approsimately the
average temperature in the top layers of a refrigerator car in transit
east loaded with fruit not precooled. The fruit was then removed
$rom 52° and held at about 75° until ripe and overripe. The quality
of the different lots as well as the tendency to shrivel and the way
the fruit held after becoming ripe were recorded. In the Wenatchee
district from 20 to 30 pears were taken at each picking and were
beld at 75°. Notes were taken at intervels as to the character of the
ripened produet, and the time required to ripen and ultimately to
break down was determined.

During the 1925 season surveys were made in California in the
Sacramento River district, in Santa Clara County, and in Placer

\
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PgeRe 1-—Softening of Bartlett pears, Californla, 1925

County. In 1926 surveys were repeated in these three districts and
also were made in the Vacaville district and the Fairfield-Suisun
district (in Napa and Sonoma Counties) of California and in the
TWenatchee district of Washington. In addition ane or mare surveys
were made in the Placerville district, in the upper Sacramento River
district about Marysville, and in Lake County, Calif., as well as in
the Rogue River Valley, Oreg. Tests in the Wenatchee, Wash., dis-
triet were continued through 1927.

EXPERIMENTAYL DATA

_ In Figure 1 the softening of Bartlett pears during the 1925 season
in certam of these districts is shown. 1t is apparent that on the aver-
age the fruit softens 2 to 8 pounds during each 10 days. Feruit from
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the Secramento River district was eariier than that from any other
section studied, as indicated by the softness of the flesh, whereas that
from Placer County averaged about 10 days later in reaching the
same stage of soffness. Average figures in districts such as Placer
County or Wenatchee are significant only as a basis of comparison.
The wide range of topography in these districts results in considerable
variation in maturity even in closely adjacent districts.

In Figure 2 is shown {he softening rate of Bartleit pears from the
different districts studied in 1926. Each point on the curves in both
Figures 1 and 2 represents the average of the pressure in the district
on the dute given, based on an average of 5 to 10 orchards.

In a comparison of Figure 1 and Figure 2 it is apparent that the
season of 1926 wus approximately 15 days earlier than the season of
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¥igone 2.-—Boftening of Bortleft penrs from ihe diffarent districts studied in 1920

1925, Fruit in the Sacramento River district reached n pressure tesh
of 20 pounds about July 15, 1925, whereas in 1926 this sumne condition
was veached on June 28. Similarly. Placer County fruit reached a
test of 20 pounds on July £8. 1925, and 2 like condition on July 13,
1926. This outstanding difference between the two scasons was ap-
parently due almost entirely to the fact that the blooming reason in
1926 was two or three weeks earlier than in 1923, owing to ihe warm
spring temperatures. No outstanding difference in elimatic condi-
tions followed the blooming period during the two seasons. A bloom-
ing season in the Wenatchee district approximately two weeks later
in 1927 than in 1926 was also followed by the fruit being two weeks
later in ripening.

In general in 1926 the rate of softening during the period under
test was 2 to 3 pounds for each 10-day period. The average rate of
softening seemed (o be very similar in the Qifferent sections with the
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exception of Vacaville, where softening appeared to be slower than
in the other districts,

The relative maturity of fruit in the different districts, as indi-
cated by pressure-test datsn in Figure 2, is particularly interesting.
The fruit from the Sacramento River district {representing the
earliest maturity) and that from the Wenatchee district in north-
central Washington (representing a late section) was only about
20 days apart in condition. This shows that there 1s only a relatively
small spread in the harvesting season due to variation in time of
maturity. It is froe that there is a gpread of somewhat more than
20 days between peak shipments {rom Sacramento Valley points and
pealk shipments from the late-shipping distriets, but this is due to the
fact that in these later districts the fruit is normally harvested in 2
wore mature condition.

Table 1 shows the Tocation of the orchards and the detailed pres-
sure tests made In cach during the 1926 season in the Sacramento
River district, It will be noted that not until June 21, when the
average Iroit of the district showed a pressure test of 21.9 pounds
and when fruit from all of the orchards averaged less than 23 pounds,
was fruit obtained that yipened with fair quality. A week eurlier,
when the fruit from this distriet was testing 23.5, the flavor was
poor and insipid.  Although this latter fruit softened with only
stight shriveling, it was found that within two days after the fruit
way eating ripe it was breaking down and was entirely past market
condition. Fruit harvested later, testing 22 pounds and less, was of
falr to good flavor when ripe, with an attractive yellow color, and *
it held 1n satisfauctory market condition for a longer peried after
becoming ripe.

Taper 1—Soflcning of Durtleli pears from ithe Saeramenio River district,
Californie, 1920

Trossure test (pounds) from orelmrd—

Isleton I mﬁﬁ;ﬂ:ﬂm Catar of C‘ondltili;: ?tr ripened
: ! A

wab | fruit

nut
Grove e

[

.} Bhriveled, quality fint, very
T

poor.

Siight shriveling, color yal-
fow, tinged with greon;
flavor poor. insipid; fruit
broke down !wo days
aiter ripening.

Very littia shriveling, good
clear yeliow color; lavor
Rair Lo good, mostly fair;
beld well after ripening,

Ne ghriveling, attractive
yellow color; flavor fair
to good,

g yellow color; good
Uavur, aromatic.

203, mast- | Quality good to very good;
Iy 218, ekl well aller ripening.

Table 2 shows the detailed figures for the surveys made in Placer
County. This is a warmer district, at a higher elevation, and the
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water supply is short in certain orchards. There was considerable
variation 1n the different orchards because the topography of the
district is rolling, with various exposures and elevations.

Tanre 2—Bofiening of Burtlelt pears from Placer County, Calif., 1926

FPressure test (pounds) from orchard—

1 ' ! Pea- fruit Candition of ripened frulbt

; mis |
T INO.
1

1
i’\{ te Rb ! :\' i gl ]
Date i Monte Rio | Neweastle *olor o
1
: 1
1

June 15  27.3] 253 ; 26, . .o | 6. Wlostly 134 ] Bhriveled, poor qualily, astringent.
r L A B 3 3 13 to 2 .| Slight shriveling, good appearance,
J quality fair. .
July 8{226}20.0( 20 X L0 2to 24| No shriveling, full vellew, quality
good Lo very goorl.
201204188 L X 5 A -7 2te 2t . __| Full yellow, qualily very good.

In this district on June 22, with an average pressure test of 23.4
pounds, the fruit was of fair quality and showed very slight shrivel-
ing.  On July 8, with a pressure test of 21 pounds, the quality was
very good. In the Sacramento River district equal quality was not
obtained until the fruit was testing under 20 pounds.

Tables 3, 4, and 5 give in detail the data for fruit from the Vaca-
ville district, a relatively hot, dry section; for the Suisun distriet,
located only a few miles from Vaeaville, but nearer to San Francisco
Bay and with a cooler growing season; and for Santa Clara Valley,
which is also near San Francisco Bay, with summers somewhat cooler
than in the Suisun district.

TabLE 3 —Ripening of Barilett pears from the Facaville district, California, 1986

[
Iressure tesl (pounds) from
orchard—

Pgﬂ}tof ; Condition of ripened fruif

o. 1FN0. 2%o. 3}\*0. 4}‘\;;," i

=7 Iy G| 2to2+ i Full eloar yellow, quality good te very good, no
i shylveling.

2T

213

23
AR 2todlh ! Full clear color, qualits very good,
a0, 2} 103 | Full yellow, ¢lear color, qunlity fair to good, somie-
i’ what dry and iosipld.

TarrE 1—>Safiening of Dartlett pears from the Ruisun district, Cedifornig, 1920

Presyore test fpounds) from
L

i d i Condition of ripened (ruit

.l
N¥o. 1No. 2 No. 31No. 4 ﬁf’

Quality feir, little shrivetisg, rather flat and
jinsipid.

Clogr yellow color, no shriveling, guslity good,

Good 2lear eolor, pood Lo very good fovor, held
well after ripening.

18.2 ¢ hiestly 2Lz | Quality mastly good, coler good elour vellow,
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Tapry 5-—8oftening of Bartlett pears from Bente Clara Valley, Calif., 1926

Pressure tesi {pounds)
from orchnr%o-—

Color of fruit Condition of ripenad friit

Aver-
No.1|1o. 2| Ne.3 26

Tune 20 | 21.3 LG 1212 Yellow, ne shrivellog ey, but fat In favor,
quality lair.

3|25 L5 | Pl Flet in flavor, quality fair.

July 5|28 29, [} 1}?};0 2, mostly | Yellow, clear color, no shiriveiing, guoality foir o

good,
o127 19.75 Full yellow, guality good, best qualily of ooy fruit
tesied from district.
5167 5.7 Quality fnir, somewhal mealy

Tables 1 to 5 also give a record of the color of the fruit from the
several districts at the different dates, the colors being estimated as
heretofore described and recorded according to the color number
on the color chart shown in Plate 1 with which they compare most
closely.

T ag]es 6 and 7 present records on fruit from the Wenatchee dis-
trict of Washington for the seasons of 1926 and 1927, respectively.
Samples were taken from orchards in the vicinity of Rock Island,
one of the earliest and warmest sections, from orchurds in the neigh-
borhood of Wenatchee proper, and some from near Peshastin, the
coolest porticn of the district.

Tarls 6.—Softening of Barilell pears from Wenatchee Valley, Wash., 1926

Pressurs test (pounds} frowm erchinrd—

Tock island Wenntelica Teslingtin Condition of Sipeped fruit

No.1iNo.2{No. 3| INo. } . n ¥ No.!!No,’.‘
! ]

July 0 19.7 , L7 . 24. 4 .3 {1toils | Poor to fair, shriveled.
bt h 177 LG 1R 3 3 19,0 , i 5 134t | Fair to good.

» . 15.2 . A 3 5 1.5 . L9 | 210234 | Qeod Lo very good,

Aug, § . 45 . 3 Bl L5 | 20234 1 Fair 1o poud.
is 17 3 4.5 3 133 3. 234 | Fair to goud, mostly foir,

Tanry T —S8offening of Dartlctt pears from Wenglchee Valley, Wash., 1927

Prossure test {pounds) from oreherd—

Rovk Island Wenatehee Pushastin 0??;3‘{! Condition of ripened fruit

|
No 3 N(i.l:’No,Q o3| No.t

26, 0.7 § 40, L5 [ 2L 7T 3 Wildetl, poor.
8. i A Y i . Fair to good.
8. . 3 17.5 f Dy,
4.5 3 18.2 . Qood to very good.
I13.0 M1 Fuir to good.

Tables 1 to 7 show a very interesting variation in the tendency of
the fruit to yellow and to soften in different districts and under
different growing conditions. In the cool districts with ample
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moisture supply the pears tend to be somewhat softer and greener in
colér, whereas in the hotter districts, particularly where there is
water shortage, the fruit tends to be yellower while still distinetly
firm. For example, the fruit from the dry orchards in the Vacaville
district showed a color of 2 to 2+ on J uly 1, with an average pres-
sure test of 23.6 pounds; in the Santa Clara Valley, on the other
Liand, with a cooler season and ample soil moisture, fruit did not reach
a similar color stage until July 20, when it was past its best picking
conditions and had a pressure test of 16.7 pounfis. Fruit from the
Sacramento River district did not reach a color stage of 2 to 24+
until July 7, when the average pressure test was 18.4 pounds. Fruit
from the Wenatchee Valley did not reach a color stage corresponding
to 2 until if tested well under 20 pounds. Fruit from Placer County
reached this color stage while testing 21 to 23 pounds.

The general observation that the fruif yellows while still firm, in
the hotter, drier districls, was further substantiated by some tests
made in Lake County as well as in the Napa and Sebastopol districts.
Fruit from Lalke County, particularly where grown with a shortage
of water, showed a distinetly yellow tint while still very firm, but
the pears from the vicinity ‘of Napa and Sebastopol, grown under
cool climatie conditions, remained green in color even when becom-
mg fairly soft.

Tables 1 to 7, giving pressure tests, color, and the ripening quality
of the fruit, indicate that no single test is entirely satisfactory for
determining when Bartlett pears from all of the different districts
are sufficiently mature to be of good quality when ripened. In the
Vacaville section, fruit testing about 23 pounds ripened with very
gond quality, whereas fruit from the Sucramento River district show-
ing about equal firmness was poor to only fair in quality. In the
Santa Clara Valley and the Wenatchee district pears testing 23
pounds have been almost invariably of poor quality.

Similarly, the color of the fruit is not an enti rely satisfactory indi-
cation of its maturity., Fruit from the cool coastal valleys remains
green, with relatively little yellowing until past its best commereial
condition.

In order to govern satisfactorily the harvesting date of Bartlett
pears under different growing conditions, picking regulations should
be based on two alternative tests for the time that arvesting may
commence. In the growing districts with warm temperatures the
pressure test is probably the most satisfactory index. Fruit from
these districts will generally ripen with fair quality if harvested
when the average pressure test on 10 or more pears is under 23 pounds.
For the best quality, fruit from these districts should test under 20
pounds when harvested.

In very hot districts, and particularly where the fruit is grown
with a shortage of water, the fruit tissue appears to be tougher and
harder. Some fruit may show a yellow tint in the skin while its
pressure test is above 23 pounds. After such fruit has developed a
slight yellowing in the color between the lenticels or dots, it has been
found to ripen without shriveling and with fair to good quality. If
fruit is not harvested until it shows a pressure test under 23 pounds,
or until the color corresponds to No. 2 in Plate 1, it will generally
ripen with fair quality.

§0506°—29—9
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In the coolest districts fruit grown with ample soil moisture wiil
generally be of poor quality if harvested when testing above 20 pounds
pressure. The pressure test is a valuable aid in determmning the
proper time of picking in any district, but the optimum picking pres-
sure for the fruit will vary somewhat under different growing
conditions, .

In addition to the pressure test and color, the corking of the
lenticels and general finish of the fruit are valuable as indices of
picking maturity. The lenticels of the immature pear ave white;
as cork cells develop they become dark brown in color and shallow
in appearance. The development of this dark-brown color in the
lenticels is a good indication that the fruit will ripen without
shriveling. The development of & characteristic smoothness or waxi-
ness in the skin and the reunding out of the fruit are also valuable
guides in determining the optimum picking conditions.

HANDLING DARTLETT PEARS FOLLOWING HARVEST

A wide variation in the type of handling s necessary lo meet
different market conditions with Bartlett pears from the various
districts of the Pacific const. In the earlier shipping distvicis the
fruit intended for immediate consumption on the fresh market is
shipped east generally without precooling, Usually it is desivable
that the fruit arrive on ihe market in such a condition that it swill
quickly reach the eating-ripe stage. Fruit from these early districts
is not held in eold storage cither at the shipping point or at eastern
terminals to any appreciable extent.

Fruit in these districts is normally packed and loaded in the cars
within 24 hours of the time of picking. Transit time fo eastern sea-
board points under present shipping conditions 1s 12 to 14 days,
during which period temperaiure conditions to which the fruit is
exposcd are variable. The fruit loaded in the bottom of the car will
be carried at a temperaiure averaging approximately 40° F., whereus
the fruit loaded at 70° to 90° in tlie top layer of the car will gradually
cool to temperatures ranging from 43° to 50° at the time of unloading.
The temperatures for the 1%-day trip in the top layers of pears in a
medern refrigerator car will usually average from §2° to 54°.

It is frequently desirable to postpone the time of consumption of
Bartlett pears from the later shipping districts as much as possible;
consequently, the fruit is held in cold storage either at the shipping
point or at destination. Such fruit may be precooled prior-to ship-
ping or may be loaded warm into iced cars.

£ the fruit is loaded directly from the orchard, temperature con-
ditions in transit will be approximately those mentioned above; if
it is precooled, temperatures in transit will be very much lower.
The term “precooled ™ Is applied to fruit placed in cold-storage
rooms equipped for heavy refrigeration and held there until the
temperature of the fruit in the centers of the boxes is below 40°.
Witﬁ pacled pears this usually can be accornplished in 36 to 48 hours.
The fruit is then loaded into the cars. Temperatures in the bottom of
a cacload of such fruit will generally average between 38° and 40°,
whereas temperatires in the top of the car will average about 45°
for the period of transit,
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When cold-storage space is available at the shipping point, as in
most of the districts in the Pacific Northwest, the fruit is frequently
held as long as two months before loading., The temperature in
storage is generally held at ahout 30° T -, s0 that the fruit is thor-
oughfy chilled when loaded. Under these conditions the {emperature
in transit is generally slightly below that in the precooled cars herc-
tofore mentioned. The temperature is lower partly because the fraif
is cooled prior to loading and partly because the later shipment is
made in somewhat cooler weather,

In addition to the Bartlett pears for eastern shipment, handled by
these methods, large quantities of pears for canning are handled
through cold storage. This fruit is placed in storage and held for
one, two, or in some cases even three months, and is then removed
from cold storage and allowed to ripen. Under these conditions the
storage temperature can usually be maintained at whatever poing
seeins most desivable.

One of the writers (9) has recommended that for the longest peri-
ods of storage Bartlett pears should be held at & low temperature,
preferably around 80° F. Overholser and Latimer (£1) reported that
much longer storage is possible for Pears held at 32° than for sim-
ilar fruit held at 86°. Under commercial shipping conditions, how-
ever, it is impracticable to maintain these temperatures while the
fruit is in transit. In order to determine the storage life of Bart-
lett pears handled under different commercial conditions, a detailed
study of the effect of different, storage temperatures upon the rate of
ripening and breakdown of the fruit was undertaken,

One of the writers (9) also pointed out the relationship between
climatic conditions under which the fruit is grown and its reputation
for holding up durin handling and storage. Consequently, in this
mnvestigation it was planned to conduct tests with fruit from districts
where fruit has the reputation of beine of poor shipping quality and
from districts producing fruit of good shipping quality and texture.
The relationship of the stage of maturity at the time of harvest to
storage and handling quality of the fruit was also determined,

PLAN OF CXPERIMENTAL WORK

Fruit for storage tests was procured from three of the principal
pear-producing districts of California, which included the Santa
Clara Valley, the Sacramento River district, and the Sierra Nevada
foothill district in Placer County.

The fruit from the Sants Clara Valley was obtained within a few
miles of San Jose. The soil in the orchard was moderately heavy,
and the trees were producing a very heavy crop of fruit. This dis-
trict is located about 80 miles from the Pacific Ocean near San Fran-
cisco Bay and has a cooler growing season than do the other districts
studied. Nights during the summer are generally cool and sometimes

The Sacramento River district is an area lying along the river be-
low Sacramento, The soil is 2 rich, deep loam lying only a few
feet above the river. This district is characterized by a moderately
warm %r,rowing season, intermediate between that at San Jose and that

in the foothills. Fruit was obtained from near Courtland,
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Fruit representative of the Sicrra Nevada foothill district was ob-
tained near Newcastle, Placer County. This district is characterized
by relatively warm days and nights, The elevation is about 1,500
feet at the point where the fruit was procured. The mean summer
temperatures for these districts and for Wenatchee, Wash., during
1926 are shown in Table 8.

Tame 8.—feqn monfhly tomperdlures in districts from which storage fruit
twes oblained, 1926

Mean tomperature {° F.)
Distriet Weather Durcau station

hiny | Juna

Banta Clara Yoalley. ... .... oee| Brn ToSe. . s
Bacramento Vallay .| Sacramenio_
Bierra Mrvada {oothills __.| Aubaien
Wenatehee, Wash -

The mean temperature in Junc and July in the Sacramento dis.
trict was 7° to 10° T, above that at San Jose. The temperature at
Courtland was probably slightly below that at Sacramento, since
Courtiand is considerably nearcr San Francisco Bay. The tempera-
ture at Aubwmn averaged about 4° above that at Bacramento for
June and July. Thus the average temperature in the foothills dis-
triet was more than 10° above that in the Santa Clara Valley. The
temperatures at Wenatchee, Wash., during June and July were inter.
mediate between those in the Santa Clarn and Sacramento Valleys.

Three pickings of fruit were obtained from orchards in each dis-
trict of California. TFruit chosen for the first picking represented
early commercial-harvest conditions and consisted of the larger sizes
available on the trees. The second picking from each orchard was
made af the height of the commercial season, and the third was mada
near the close of the commercial season.

In addition to these lots of fruit, one lot picked in midseason from
Lake County, Calif., was also studied. Lots of fruit from other
orchards of these districts were Leld as checks, but are not reported
upon in detail.

The pears selected as representative of the Wenatcliee district were
taken from a number of orchards distributed from Rock Island, in
the lower, hotter, drier section of the district, to Peshastin, which
represents a higher and slightly more humid area,

The orchards ave located in the Columbia and Wenatchee Valley
floors af, elevations of 600 to 1,100 feet, the higher altitudes being in
the cooler localities of the district. Ovchards were selected that had
various soil conditions such as are typical of the Wenatchee district.
Pickings were made throughout the prowing seasons of 1926 and 1927
at ghout 10-day intervals.

STORAGE CONDITIONS

In the experiments in California all the fruit except that from
Lake County arrived at the storage plant within 24 hours of the time
of picking. For storage tests under varying conditions it was sepa-
rated into five lots and stored at the following temperatures: Lot 1,
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30° to 31° F.; lot 2, 86°; lot 3, 43°; lot 4, 53°; lot 5 fluctuated from
60° to ¥0°, averaging about 65°.

Lot 3 represents the average temperature in transit in the lower
part of cars loaded with warm fruit, or in the center and upper part
of cars filled with fruit that was eooled before being loaded. The
temperature in the top layer of a car londed with precooled fruit
will usually average slightly higher.

. Yot 4 approximates the average ternperature in the tops of cars
in which the fruit is shipped without precooling.

After 12 days some of the fruit held at 43° F. and some of that held
af 53° was removed to & room having a temperabure of 81°, in order
to simulate storage of precooled and nonprecooled fruit at the eastern
terminals,

At the time it was harvested and placed in storage, samples of this
fruit were préssure tested in the manner heretofore described, and
the size and color of the fruii were recorded. Pressure tests wero
taken af intervels of 3 days on the samples held at 53° and 65° F.
and at intervals of 6
days on the samples
held at 43°. Ervery
15 days tests of sam-
ples held at 36° and
31° were made.

At intervalg of 15
days samples of fruit
from the 86° and 31°
F, lots were with-
drawn from storage
and held at tempera-
turas Of about 600 20 o &9 L = i3 25 a
to determine whether Sy AUOLST SEPT—
they would rinen sat-
ISfaCtorﬂy‘ in Som.e Freune 3.—Softening of Bartlett penrs, Suntz Clara Valley,
cases samples of this eurly pick, 1026
fruyit were also ex- :
posed to a temperature of 43° for 12 days to determine whether or
not it would prove suitable for eastern shipment.

These detailed storage tests were carried on during the seasons of .
1925 and 1926 with fruit from the California districts. Results in
the two seasons were so closely comparable that both series ave not
reported in detail.

In the Wenatehee district the pears were stored within 24 hours
of the time they were picked. Part of the fruit was held at 60° to
65° F., and the remainder was placed in cold storage ranging from
30° to 82°. At intervals of one month, fruit from cold storage was
withdrawn and allowed to ripen at about 65°, Because of the lack
of facilities it was not possible to handle this fruit at the intermediate
temperafures of 36°, 43°, and 53°, as was done with the Californis
fruit,
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BEHAVIOR OF TIE PEARS IN STORAGE

The results obtained with the different lois of fruit from Cali-
fornia during the 1926 seuson are shown in detail in Figures 8 to 11,
Where the rate of softening of the fruit is shown graphically and the
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type of breakdown is recorded. The behavior of fruit following
withdrawal trom storage at 36° and 81° T, is recorded in Tables 9
and 10.

The storage life of Bartlett pears may be limited by warious
factors (2, 3, 4). These include the following: (1) Overripeness.
The tissne passes through a prime eatin condition and gradually
softens until it becomes mushy and overripe. (2) Core brealdown.
"The core region becomes discolored and broken down, while the out-
tide of the frait may be hard or in prime eating condition and show
no discoloration. (3) Storage scald. The skin becomes blackened
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Fiogis d—Softening of Bartlett pears, Santa Cleen Valloy, mid-
season pick, 195§

while the fruit is still firm. When storage scald occurs the fruit is
of no value commercially, as it develops very bad flavor and fails to
soften or ripen further,

Tasre D.—Ripening of Boartlefi poars in 1920 following rTemoval from cold
storuge ab 367
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Tamy 10.—Ripening of Barticlt pears in 1526 following storage at 81° .
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RIPENING AT DIFFERENT TEMPERATURES

Pears of all pickings from all districts ripened fairly satisfactorily
at 63° and 58° F.  IE was rather surprising that there was generally
only a slight difference in time of ri pening at these two temperatures.
A pressure test of 8 pounds represents full eating-ripe condition for
Bartlett pears. The average time required to reach this degree of
ripeness in the nine lots of fruit stored at 65°, as shown in Figures
3 to 11, was 11 days and at 53° was sitghtly under 15 days.

Considering all {he lots of fruit, including both early and late pick-
ings, the average pressure test at the end of 12 days at 53° F. was §
pounds, which represents a firm-ripe stage, the average condition in
which frait that was not precooled would reach destination if shipped
in the fops of cars. Generally, fruit picked in midseason or late-
season condition was firm to fall-eating ripe at the end of 12 days at
58°. This was true of fruit from all distriets and indicates that the
top layer of such fruit shipped from Pacific coast points without
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precooling will generally arrive at eastern markets in firm-ripe to
ripe condition,
RIPENING FRUIT AT 43° R

The behavior of Bartlett pears when held continuously at 43° ¥,
as shown in Figures & to 11, is particularly interesting. In jrenerel,
relatively little soft-

o I I H ening occurred dur-
7.0ars 70 fucs FIEE ing the first 10 to 15
. hrioor E 3 days, after which
&nc::s-:‘ 5:61&’«)&'1‘ of o8 tlm(“. th?“ irult §0ft‘
AREARDOWN AND SCALD, GUALITY SO ened rainer I‘ﬁpldly.
o bz riam) cone MML In some cases it

: i , , rcached a pressure

\\: .5‘.!]: Gou:ICouc .B‘ﬂcnnv;nw Aula. £ t es t o f 3: b ou t' 5
o0 BEGINNIG TO pnbar ar Conr Auo.€ pounds, which repre-
" s FrE e sents o frm eating-

AUGUST SCRTEMBER — 1‘ipe condition, and
jn other cases the
et S5—Softening of Berilett pears, Santn Clara Valley, pressure test drOPPEd

lnte piek, 1020 to about 3 pounds.

In a number of cases,

particularly with early-scason and late-season pickings of Santa Clara

Valley fruit, the pressure test at 43° did not drop under 5 pounds.
The fruit remained in this Srm-ripe stage until scald developed.

In practically every instance at a temperature at 43° F. the storage
life of the fruif was ended by the development of storage seald, where-
as at the higher temperatures the fruit either became overripe or de-
veoped core breakdown, At 43° the surface usually blackened, while
{he core and flesh tissue was still in frm-ripe condition. This was
true regardless of
the time of picking l |
or the section from sy (remeo fain 70
which the fruit was gl
taken, except in the
late-picked fruit
from the Santa Clara
Valley, in which
core breakdown de-

&

Ly

Rauines eﬁ&'&-’ vRE
£

L]
]

. -
L ~L !
H g

: i
L AN B
b i !
{ 42T \\ SURFacs st g——
veloped prior to the e o swhrace seaso pu.s
appearance of stor- S 'l 3
age senld, ?g' c%;,;czng:;gbsoonz_} vd
There was rela- N0 CERn SILOLOR T A,
tively little difference ot el usr—  scor
in the length of timo _ _-}
_that frm.t f'rom dif- Flouse G.—Scitening of Bartlett pears, Sncramento River
ferent pickings and distriet, early plek, 1976
from various sections )
could be held at 43° F. In practically all cuses the fruit became
unmarketable at the end of 30 to 35 days. This condition was caused
primarily by the development of storage seald, as previously stated.
The resulés indicate that 43¢ to 45° . is approximately the lowest
temperature at which Bartlett pears will ripen. Some of the lots
failed to soften to p good eating-ripe condition at tlus temperature,
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whereas other lots ripened fairly satisfactorily, Fruit ripened at
this temperature was in all cases inferior in quality to that ripened
at temperatures above 50°. At temperatures lower than 43° Bartlett
pears apparently will not ripen with satisfactory guality, but will
detﬁalog erther scald or breakdown or both while the flesh 1s still firm
or hard.

At all the higher temperatures, jncluding 63°, 53°, and 43° F,,
there was a considersble interval after picking before softening ba-
gan. At 65° and 53°
this interval in most g
cases was at least 6 AN B B v
days, while at 43",
as previously stated,
relatively little soft-
ening occurred until
12 to 18 days after
harvest. This does L [}
not indicate that 701 Gon, Dyeamime doir 2 Lo 1
ripening changes do e e Sepr—
not occur during that
Eln];’]a:[(.:?;lgaﬁ?lre c}ﬂi{ Fieune T'ﬂsuﬁﬂft,oilﬁgggﬁ Sfﬁ:;s'lgélgmmmto Liver
In storage results in
a shortening of the possible storage period. The changes that take
place during the first few days after picking, however, apparently do
not affect the firmness of the fesh as measured by the pressure test.
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Fsure 8.—Softenlng of Durtlett pears, Sacrumento River distrlet, late plek, 1926

Softening and color change apparently occur at the same time at
the higher temperatures, At 65° and 53° F., the fruit was eating
ripe by the time it became yellow. At lower temperatures this was
not true.

IIYENING FEULT AT 36° F.

Bartlett pears of the different lots held continuously at 86° F.,
showed » moderately slow softening rate. Usually the pressure test
at the end of two months was not more than 5 pounds lower than the
pressure test at time of picking.

At the end of 60 days in sforage at 86° the fruit of practically all
lots was full yellow in color although still firm in fexture. Frut of
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all but two of the Jots {one each of midseason and late picking of
Santa Clara Valley pears) held up for 60 days at 36° without the
development of storage scald. In 70 to 80 days at this temperature
the fruit began to blacken on the surface and to show scald. This
represents an interval slightly more than twice as long as was
required for the fruit to develop scald when held at 43°.

HITENING FRUIT AT 31° F.

In most instances
—1 the fruit from the
"{\Qp e different districts of

= California in storage

3

i,

(SRECH, Hapa s at 31° K. was not
held until the end of
the possible storage
season The fruit
1 from Placer County
13+ cawe. soms Jorto | DPicked In midseason
ol was held 140 days
" Gone, oxgamer, Suty 39 without developng
2 e discoloration in stor-
ey P Scen age. 'The late-picked
fruit fr%m the Sacra-
crs 0.—Softening of Bartlett pears, DPlacer County, mento River district
Fiems 0 sarly pick, 1020 i was held 120 days
without discoloration
in storage. On the other hand, fruit from Lake County which stood
two to three days at high temperatures before moving into cold
storage showed a beginning of scald development at the end of 100
days at 31°. The few lots of fruit held for a long season at 31°
indicate that the possible storage period at this temperature is almost
twice as long as at 36°. The storage period at each temperature is
determined hy storage scald, and the interval before scald developed
when the fruit was held at 31° was very much longer than when it
was held at 36°,
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Twore 10.—Foltening of Hartlett penrs, Placor County, mldseason pick, 1024

In the experiments in the Wenatehee district of Washington the
pears were held in storage at 32° F. for 100 to 120 days without
developing storage scald. However, this fruit did develop secald
following removal from storage and in some cases failed fo ripen
with satisfactory quality,
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These results would indicate that Bartlett pears harvested in
proper condition and placed immediately in storage at 31° F., may be
held as long as three months in storage and after removal to higher
temperatures will ripen without developing storage scald. If the
storage of the fruit is delayed even two or three days following
picking, or if cooling in the warehouse is slow, this period will he
greatly shortened. At temperatures above 31° the period will also be
shortened. It is pot recommended commercially that such long
storage be practiced unless the complete history of the fruit is known,
since there is 3 large element of risk in prolonging the storage
reason. As will be mentioned later, fruit held for a long period in
cold storage has a relatively short life at high temperatures following
its removal from cold storage, and its dessert quality is poorer than
that of fruit held for sliorter periods.

RIFPENING OF FRUIT FOLLOWING REEMOVAL FROM COLD STORAGE

In Tables ¢ and 10 is summarized the behavior of fruit following
its removal from storage at 36° and 31° I, after different intervals of
time in storage.
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FI1Gree 11.—Softening of Bartlett pears, Lake County, midseason pick, 1026

Fruit was removed from storage at 15-day intervals. Not all the
data for removals are recorded in the tables, but sufficient data are
given to indicate the general trend. The column showing days “ to
ripen * represents the time following removal from cold storage that
the fruit was held at 60° F. before it reached a satisfactory eating-
ripe condition. The column showing days © Until discarded * repre-
sents the interval between the time the fruit reached satisfactory
eating condition and the time when it had passed marketable condi-
tion because of core breakdown, scald, or overripeness.

The recults of the tests at 36° F. are recorded in Table 9. It is
apparent that on an average the fruit from the Santa Clara Valley
brele down much earlier after becoming ripe than did fruit from
the Sacramento Valley and from Placer County. At the end of 30
days at 36° fruit from the Santa Clara Valley held up from 2 to
4 days after becoming ripe; that from the Sacramento Valley held
up 4 to 7 days, while that from Placer County held up 5 days. This
indicates that there is a very mmch shorter sesson for handling the
fruit from the cooler sections both on the fresh market and through
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canneries. There was not an aé;preciable difference in the time re-
quired for the fruit from the different districts to ripen following its
removal from storage, but there was a distinet difference in the tend-
ency of the fruit fo break down after rcaching an eating-ripe or
capning-ripe condition,

In general, the longer the fruit was held in storage the shorter the
interval during which it remained in good condition after reaching
an eating or canning ripe stage. Fruit from the Santa Clara Valley
held 45 5ays at 36° I, remained in satisfactory condition only 2 days
after ripening, whereas fruit held 60 days in cold storage generally
iailed to ripen following removal to & higher temperature. The
pears from Sacramento Valley and Placer County remained in satis-
factory condition fer 8 days after removal at the end of 45 days and
ripened with satisfactory quality after 60 days in cold storage.

These resuits indieate clearly that at a temperature of 36° F. the
possible commercial storage period for Bartlett pears is limited to
about 45 days.

The behavior following removal from 31° F. is summarized in
Table 10. Again it is apparent that the fruit from the conler orow-
ing districts, including the Santa Clara Valley and the Wenatchee
district of Washington, did not hold quite so long after it reached
an eating-ripe condition as did fruit from the Sacramento dietrict and
from Placer County. Fruit from the Santa Clara and Wenatchee
Valley districts held 1 {0 5 duys, whereas that from the Sacramento
Valley held 5 to 7 days and that from Placer County 5 to 8 days.

Fruit from the hotter growing districts, including the Sacramento
Valley and Placer County, broke down very largely through becom-
ing overripe and discolored on the surface, whereas that from the
cooler growing districts tended to develop core breakdown while the
surface remained sound in appearance. This vesultsd in the fruit
from the cooler growing districts being somewhat difficult to handle
satisfactorily, since the fruit may no Jonger be in good commercial
condition even though appearing sound on the outside.

Fruit from the California districts held 60 to S0 days at 31° F. and
then removed to 60° for ripening ripened with good quality and re-
mained in the ripe stage for several days before showing breakdown,
Fruit stored at 31° for 60 days was as satisfactory as frujt stored at
36° for 80 days. Although the extreme storage Iimit at 31° was not
determined by these tests, the results indicate that the fruit can be
held safely under commerecial conditions for periods up to 75 days
and generally can be held as long as three months, Fruit held 100
days or longer in the Wenatchee district generally tended to scald
following removal from storage and was not satisfactory for handling
commercially.

On the avernge, the longer the fruit was held in cold storage the
poorer its dessert quality when ripened. Fruit held 30 days wag of
better quality than that held 60 days, and the latter was superior in
quality to that held 90 days. As is herein shown, the color of the

ruit in cold storage is the best indication of the probable develop-
ment; of storage scald yet observed.
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RELATION OF CLIMATIC CONDITIONS TO STORAGE QUALFFY OF
THE FRUIT

One of the writers (9) has previcusly pointed out the relationship
that exists between climatic conditions in the growing district and the
commercial reputation of Bartlett pears so far as storage and ship-
ping quality are concerned. It was stated that the fruit from the
cooler growing districis has a reputation for being poorer in ship-
ping and storage qualities. The more detailed study here reported
indicates this this fruit is inferior in storage and handling qualities,
primarily through having a shorter period during which it is'in satis-
factory dessert or canning condition, and because it tends to break
dows at the core while yet firm on the outside. The possible storage-
holding period at 81° I‘X was only slightly shorter for fruit from the
cooler growing districts. There Wasj)owever, a distinct difference in
the tendency of the fruit to break down after it reached the firm-ripe
condition. Fruit from the warmer districts had a relatively long
period during which it was in satisfactory dessert condition, and it
tended to pass good commercial condition primarily by becoming
overripe and showing discoloration on the surface,

This relationship holds both when the fruit is ripened immediately
and when it is held in cold storage. Table 10 gives data for fruit
ripened immediately following picking at a temperature of 65° F.,
waich show that Santa Clara Valley fruit held from 2 to 5 days
after reaching eating-ripe condition. ~Sacramento Valley fruit under
similar conditions held 5 to 7 days, wheveas Placer County fruit held
5 to 8 days. -Observations made on Wenatchee pears indicate that
%1&; behave somewhat like those obtzined from the Sacramento

alley.

Ong of the writers (9) in discussing storage scald in Bartlett pears
reported that the more immature the fruit at the time of harvesting,
the greater its tendency to develop storage scald. These observations
were based on fruit picked at intervals and held in storage at tem-
peratures of about 40° F. The amount of scald developed in the
different lots was checked on certain dates, and the greater amount of
seald was found in the earlier picked fruit.

These conclusions were only partially borne out in the studies here
reported. Both early-picked and late-picked pears tended to seald
somewhat cooner than pears picked in midseasen. Apparently, a
fairly definite time is required for scald development at the different
temperatures. In fruit stored at 43° F. this was from 30 to 35 days;
for that stored at 36° it was from 70 to 80 days. For fruit stored
at 31° the time was not definitely determined but apparently was
from 125 to 150 days.

The time required to develop storage scald is fairly definite, and
this indicates that Bartlett pears harvested in midseason or late in
the season can be held satisfactorily until a later date thun can early-
harvested fruit. The end of the storage season can normally come in
approximately a certain time following the picking date. This
period is slightly longer for fruif picked in midseason than for either
early-picked or late-picked fruit.
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RELATION OF SHIPPING CONIMTIONS TO STORAGE QUALITY OF
THE FRUIT

Bartlett pears produced on the Pacific coast and intended for
fresh consumption must generatlly be shipped to castern markets.
Shipment may occur immediately following harvest in precooled or
nonprecooled carloads, or it may occur at the end of a storage season.
The temperatures in transit in the lower haif of a car loaded warm
will range from 40 to 45° A temperature of about 43 also repre-
sents about the average prevailing in the upper half of a car of fruit
throughly cooled before shipping, although the temperature in the
top layer of fruit in such cars will usually average slightly higher.
The average time required to ship to eastern markets is about 12 days.
Consequently, the effect of holding fruit for that length of time at
43°, both immediateiy after harvest and affer a peried of two months
in cold storage, was determined for certain lots of fruit,

Results obtained with lots of fruit held for 12 days at 43° F. and
then transferred to 31° storagre are reported in Table 11. After
periods of 30 to 50 days at 31° this fruit was withdrawn from cold
storage and allowed to ripen at 60°.

As will be noted in Table 11, fruit picked in midseason from three
different districts and held for 30 days at 31° F. following 12 days
at 43° ripened with satisfactory guality and without loss upon
removal to higher temperatures. Late-picked Santa Clara Valley
fruit after 82 days in storage at 31° ripened satisfactorily but
broke down very quickly after reaching an eating-ripe condition.
These results indieate that if Bartlett pears picked in midseason can
be immediately precooled and shipped east, a storage season of 114
months following arrival in the East is fairly safe.

Tapre 11—Record of fruit held for 12 days at 43° B, then at 31° 1,

Timne held al— |'IMine required—|

Location nod time of picking T ratil Cause of discard

v dtis-
& P, | carde

Days
Flacer County: Midseasan : 4 | Overripe.
Sacramente Valley: Late pleking- . oovoecinamann k 4+ Care breakdown.
Sunta Clara Valley: :
Midsensen 4 D
Late pivkim: 1 Do,
Luke County: Mldseuson & | Overripo.

Samples of fruit were also held in storage for 12 days at 53° F..
ihe average temperature in the top layer of an iced car loaded with
warm fruit. This fruit was generally firm eating ripe at the end
of the 12-day period and not suitable for further storage holding.
Although it was possible to hold such fruit for two to three weeks
in cold storage, it deteriorated so rapidly following removal from
cold storage that the practice would prove unsatisfactory under
commercial conditions. The results obtained in the investigation
indicate that it is hazardous to attempt to place Bartlett pears in
cold storage following a 12-day shipment in the top layers of cars
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initially loaded with werm fruit. Boxes loaded in the lower por-
tions of such cars should be satisfactory for storage up to 115
months, provided the storage temperature is held at 31 to 32°.

Similar satisfactory results were obtained from storing the fruit
for two months at 31° F. and then holding for 12 days at 43°, as
reported in Table 12. The fruit handled in this wuy ripened with
good quality and held up satisfactorily for a moderate period of
retail marketing,

Tance 12—Record of Bartict! pears held for varying periods at 31° F. and then
held for 12 duys et 48° F.

Days bald at—
Locstion and tiroe of plcking Condition of fruit at end of storage period
3 F, | 43° F.

Santd Clar, mid . G0 12 | Hiped wilh foir quality.
Sacrnmento, mid o &0 12 | Mtipenced atae® F., qunlity, beid 4 days,
Plocer County, ~sidscason &2 1| Ripened with goad gunlity.

These results indicate that Bartlett pears picked in midszason and
stored at once at 30° to 81° F. can be ield for two months in storage
#nd can then be shipped east and marketed without loss. This pos-
gible storuge season will be correspondingly shorter if higher storage
lemperatures are used.

DISCUSSION OF RESULTS

The results of this investigation have emphasized the very close
relationshi)y between the temperatures under which Bartlett pears
are handled in storage and the behavior of the fruit. The possible
storage period can be predicted with fair accuracy if the temperature
under which the fruit is held and the growing conditions are kmown.
Fruit from all districts at temperatures above 45° F. ripened satis-
factorily without scald, although in some cases core breakdown
developed.  Bartlett pears held continuously in storage at tem-
peratures under 45° generally scalded before reaching full eating-ripe
condition. This was always the case with fruit held continuously at
862 and ot 31°.

A close relationship existed between the prevailing temperatures in
the different producing districts and the tendency of the fruit to
break down at the core prior to becoming overripe or scalding on the
surface. Fruit from the warmer districts generally held in market-
able condition after reaching the eating-ripe stage much longer than
fruit from the cooler growing districts, Core brealedown rarely
oceurred in fruit from the hotter districts before the general collapse
of the fruit, whereas it developed in almost all eases in fruit from
the cooler districts while the cutside of the fruit appeared sound,

Hartman éé’} found that pears produced under the cool growing
conditions of western Oregon tended to develop breakdown if they
became overmature on ihe trees, but that relatively little of this
injury occurred if the fruit was harvested moderately early. In the
studies herein reported there was not nearly so close a relationship
between stage of maturity and breakdown #s Hartman found under
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Oregon conditions. In general, the more mature fruit tended to
develop the breakdown earlier, but core breakdown occurred while
the surface appeared to be in good dessert condition in all pickings
of fruit from the Santa Clara Valley, particularly when handled
under low temperatures for a portion of the time.

There was some relationship between the amount of core breal-
down and the storage temperatures. The least tendency to develop
breakdown occurred in fruit held at 60° to 70° F. from the fime of
picking until it was ripe. The greatest amount of breakdown
developed in fruit held fer a consigerable period at 36° to 50° and
then moved to 65° temperature for ripening. Fruit held at 21° for
one or two months and then transferred to 60° storage for ripening
developed less breakdown than fruit held at intermediate tempera-
tures, but more breakdown occurred than in fruit held continuously
at 60° to 70°.

Fruit of all piclings and from all districts developed storage scald
when held too long at low temperatures. Harley and Fisher (2)
have recently reported a very close associntion between the develop-
ment of storage seald in pears and the presence of acetaldehyde in the
fruit tissue. They found a similar relationship between the presence
of acetaldehyde and core breakdown in pears. In the work herein
reported it was apparent that there was a very close relaticnship be-
tween the growing conditions and the development of core breakdown,
but there was no similar relationship between the growing conditions
and the developmenti of pear scald. In general, core breakdown
seemed to oceur to the greatest extent in fruit containing the least pro-
portion of acid. Bartlett pears from the cool growing districts gen-
erally contain less acid than those from the warmer distriets, and the
holding of fruit at intermediate temperatures ra nging from 36° to 50°
F. results in a more rapid decrease in acidity than holding the fruit
at higher temperatures or at extremely low temperatures, unless the
storage is greatly prolonged.

RECOMMENDATIONS RELATIVE 10 COMMERCIAL PEAR HANDLING

The results obtained in this investigation emphasize the necessity of
handling Bartlett pears under the coolest possible storage conditions
- 1f satisfactory resulis ave to be obtained. The limit of the storage
period at 43° T, was about 30 days; at 36° it was about 60 days,
whereas at 31° the fruit could be held as long as 100 days in most
cases. Lven for holding for relatively short periods, placing the fruit
at a Jow temperature to cheek ripening processes to the greatest degree
possible gave fruit that held well after ripening and proved most
satisfactory for the retail market or for canning.  Bartlett pears
should be stored at temperatures not higher than 80° to 31° . if the
best results are to be obtained.

In general, the longer Bartlett pears are held in cold storape the
poorer the dessert quality of the ripened product. Fruit held for 30
days at 81° T, ripened with quality almost equal to that of fruit
ripened immediately after harvest.  Frnit held 60 days was some-
what poorer than that held for 80 days, whereas fruit held for 90
days or Ioncgler in cold storage was generally of only fair quality
when ripened,
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The best ripening temperatures for Bartlett pears either immedi-
ately after picking or following a period in cold storage scems to he
from 60° to 70° F. Fruit ripened at temperatures below 60° or
above 70° F. was inferior to that ripened at 60° to 70° F.

At cold-storage temperatures the fruit becomes yellow in storage,
but does not soften or reach satisfactory eating condition. It was
repeatedly observed in these tests that Bartlett pears rarely scalded
in storage so long as they were still distinctly green in color. The
development of an almost full yellow color in Bartlett pears in cold
storage is 2 danger signal. They should be removed while showing
a slight areen color and allowed to ripen at higher temperatures, if
loss from storage seald is to be avoided, )

In handling frait from the cooler growing districts, shippers and
canners should realize that the fruit will have & relatively shorter
period after removal from cold storage before hreakdown occurs
than will fruit from warmer districts. The cooler the growing sea-
son in a district the earlier the fruit will normally show breakdown.
If the pears are to be canned the operation shonld be completed as
soon as possible affer the fruit is sufficiently ripe, if loss from core
brealdown is to be avoided. Such fruit shipped to eastern inarkets
will have to be handled rapidly if it is to be consumed without loss.

If carloads of Bartlett pears are thoroughly cooled prior to load-
ing, they can be safely stored at eastern terminals for periods of a
month to 45 days, provided the fruit is sent promptly to the pre-
cooling plant and the cooling is accomplished rapidly and thor-
oughly. Similarly, fruit can be held at the shipping point at a tem-
perature of 31° F. for periods up to two monthy and still be shipped
to eastern markets without loss, provided it is placed in suitable
cold storage within 24 hours of the time of picking. Bartlett pears
shipped in cars loaded with warm fruit will vary greatly in condi-
tion, depending upon whether they are loaded in the top or the hot-
tom of the car. Fruit from the top layers of the car will usually
be suitable for only a very short storage season, if any at all, whereas
that from the lower half of the car will generally be suitable for hold-
“ing up to 45 days in storage at 30° to 81°.

SUMMARY

Studies have been conducted on the change in firmness of flesh,
color, and other physical properties of Bartlett pears as they ma-
ture on the trees,

Bartlett pears from warm districts, particularly when grown under
water shortage, are firm in flesh but have s distinctly yellow color
when in satisfactory picking condition.

Fruit from cooler growing districts, with sufficient soil moisture,
is greener in color and softer of flesh, as measured by the pressure
test, when in satisfactory picking condition.-

Fruit from the cooler growing districts will not ripen with even
fair quality when testing above 23 pounds average under the condi-
tions described in this bulletin. Fruit of high"quality is obtained
when harvested at a pressure test under 20 pounds, that having a
pressure test of 17 to 19 pounds genera]lr giving the best guahty.

Bartlett pears showing a distinctly yellow cast corresponding to
No, 2 of PII:JLte 1 generally will ripen with good quality. This con-
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dition may be reached in the dry, hot districts with fruit testingr
above 23 pounds.

The ripening rate for Bartlett pears at 65° F. is on} slightly faster
than at 53° F. The storage life at 43° is about double that at 53°.
At 36° the possible storage period is ahout double that at 43°, but
at 31° the storage life is almost double that at 36°.

Bartlett pears generally will not ripen satisfactorily at temper-
atures of 43° I, or lower. Storaga scald develops before the fruit
reaches prime eating condition at these temperatures.

Storage scald devaoped in 80 to 35 days at 43° F., in 70 to 80 days
at 36°, and generally did not develop up to 120 days at 81°. Fruit
held beyond 60" days at 36° usually scalded instead of ripening upon
removal to higher temperatures. Fruit held continuously at 31°
from the time of picking ripened with satisfactory quality after stor-
age periods up to 100 days. The dessert quality of Bartlett pears
becomes poorer the longer the fruit is held in storage.

Bartlett pears in cold storage at 36° or 31° F. become yellow with
relatively little softening. In these tests fruit practically always be-
came yellow before scald developed. Regardless of the firmness of
Bartlett pears, they should be removed from cold storage before they
reach a full yellow condition, as storage scald soon develops after the
fruit becomes yellow.

Bartlett pears held 12 days at 53° T, corresponding to a transit
period from the Pacific coast to eastern seaboard points, in the top
layer of & car of fruit loaded warm, usually arrived in firm-ripe
condition and were not suitable for cold-storage holding.

Similar fruit held at 43° F., corresponding to the lower half of
cars of pears loaded warm or the upper portion of cars of fruit
thoroughly cooled before loading, was hard green at the end of 12
days and could be held at 31° for one and one-half months and still
ripen satisfactorily,

Fruit held as long as two months from date of picking at 31° F.
was held 12 days at 43°, representing transit time and temperature,
and ripened with good quality.

Truit from the cooler growing districts became eating ripe In a
slightly shorter period than fruit from hotter growine districts.
Fruit from cocler districts after reaching eating-ripe condition kept
for a distinctly shorter time than did fruit from the hotter districts,
and it tended to break down at the core while still firm on the outside.

There was no apparent relationship between climatic conditions in
the producing regions and the tendency of the fruit to scald.
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