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N INTRODUCTION 
('t') 

22 Estimates based on new plantings coming into bearing indicate 
~a marked annual increase in- pear production for at least the next five 
'P'4years. The extension of both foreign and domestic markets is an 
~conomic necessity in disposing of the increased pear crop of the 
Q.,future (11).2 The extension of markets must be predicated upon 
<harvesting and handling methods that assure th(:l marketi~g. of first

class p~~l's, in order to attract and hold new customers in the face of 
increased competition from other fruits. The dessert guality of 
the fruit when ,t is ripe and in the hands of the.consumer IS depend
ent to a conside.~able extent upon its maturity at the time it is picked 
and upon the temperatures to which it is subjected while in transit, 
in storage, and in the ripenin~ rooms. These two problems, the 
determination of picking maturIty and the effect of transit and .stor' 

1 Tbe writers wish to express the!r apprec!atlon for the ass!stance of J. C. Shllletter,
L. A. Fretcber, B. D. Ezell, and .1. A. Van Valkenourgb. The cooperation of tbe commer· 
cial cold'storage companies tbat made possible tbe storage tests at different temperatures
Is also deeply appr~clated. Valuabie cooperation was aiso given by fruit growers who 
made fruit avnllable tor tbese Investigations.

• italic numbers In parentheses refer to Literature Cited, p. 28. 
88883 0":"'32--1 1 
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ug(} telUp(}l'utUl'CS upon tll(} ripening und stol'llge life of th(' pear, 
have beeninvestiguted in peur districts of Clllifornia,Washington, 
lind New York in an attempt to work out the best picking maturity 
Hnd handling and storage methods for each commercial variety of 
fall and winter pears. 

The ('ommerc!ltl harvesting uud handlin~ of peul's is complicated 
JJy certain eharucteristics of the fruit and by the location of the 
industry. PettI's left on the tre& until ripe usunUy show breakdown 
at the eore and are of very poor quality; hence it is necessary to pick 
them wlwn they are still unripe but mature en~ugh to ripen with 
satisfactory d(}ssert quality. It is also essential that harvesting be 
liO timed as to insure maximum shipping, storage, and marketing 
quality, since most of the fruit is produced far from the consumi?g 
HHtrkcts. At the present time about 68 per ceut of the carload ShlP
ments ol'iginll.te in Culifornia, Oregon, and Washington, and in
crOllse in production is expected to continue in the Pacific coast 
districts. Nnw YOl'k is the mOot important Ellstern' Stnte in the 
prodtH'iion 01 pca.rs, shipping about 18 pel" cent of the curs moyeQ to 
lIlarketin the UllitN:l States (1.l). 

DETERMINATION m' PICKING MATURITY 

As the peal" develops Oil the tr(;f; there is It gradual increasa in size 
nnd a chnnge of the dark leaf-green color to a light or yellow green, 
accompanied by specific changes within the flesh and skin. The 
sUfrUt conh~llt of the pear increases markedly, stal'ch decrellses, and 
nmrlity and astringent properties diminish as the fruit a;1proaches 
proper picking condition (6). The growth in size results, of course, 
tIl all increase in weight, which for Bartlett pears, according to 
Murneek (9), may amount to oyer 20 per cent in nine days during 
I he harvesting seaSOll. Thi.s fact indicates the added tonnage that 
may result from delayed pickings. .A.s the fruit matures, the skin of 
some varieties develops a bloom or wux, and the lenticels in the skin 
become more or .less filled by a corky substance that reduces the rate 
of moisture loss from the fruit. Early pickings of Bartlett pears 
hnve been found to lose 9.7 per cent of theIr weight in 11 days, while 
pickings made 15 days later lost but 6.3 per cent in the same length 
of time (3). Because of these changes accompanying maturIty, 
fruit picked very early lacks sweetness and richness of flayor, is some
times sour and astringent, and often shriyels jf exposed to a dry 
utmosp'here. 

'Vlllie these modificu.~ions aloe taking place within the flesh and skin, 
other developments are noticed as the fruit approaches picking 
maturity. The seeds may become brown, and the stem may loosen 
somewhat from the tree. The flesh gradually becomes "springy" 
a.nd softer, although it may still be qUIte hard to the pressure of the 
thumb. By means of a mechanical tester, which measures in pounds 
the pressure required to force a smoothly rounded [lunger into the 
flesh of the fruit to a defini~ depth, the softening 0 the pen can be 
determined in measurable terms. Such a tester is described and 
illustrated by Magness and Taylor (8). Other means of determining 
maturity, such liS sta.rch 01' sugar tests, specific-gravity tests, color, 
and size, have been used; but from one season to another, unde~' 
var:ring growing conditions, the 6nnness of the flesh hllfl been the 

http:ol'iginll.te
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3 HARVESTING AND HANDLING PEARS 

best single index of. maturity. '1'he use of the pressure t€st, correlated 
with the ground color of the fruit expressed in munbers, as illus~ 
trated by the color chn.rt (pI. 1), is increasing in the Pacific Coast 
States as a maturity standard for pea,rs. 

Picking. the frUIt from the tree early in the season materially 
reduces not only the tonnage but also the sugar content and dessert 
quality. On the other hand, allowing it to remain on the tree very 
late may :favor the development of storage disorders and may necessi
tate special handlin~ to enable the fruit to be shipped without 
al:riving on the marJret in a soft condition. In the Santa Clara 
Valley of C&lifornia, the Wenatchee Valley of Washington, the 
Hudson River Valley of New York, and the Grand Junction district 
of Colorado, picking, storage, and shipping experiments ha.ve been 
made with the prinCIpal commercial varieties of fall or storage pears 
grown in these dis~,ricts. This work was carried on during the sea
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FIGURE i.-Diagram showing rate of softening on the tree fol" five varieties of Santa 
Clara Valley pears in 1926 

sons of 1926 and 1927 in California and New York; 1926, 1927, and 
1928 in Washington, and in 1929 in Colorado. 

EXPERIlllENTAL METHODS 

The rate at which the different varieties of pears softe:'led. on the 
tree was ascertained by making pressure tests regularly, beginning 
several weeks before the pickirig season and contmuillg beyond the 
commercial season. In thIS work, 8. plunger five-sixteenths of an inch 
in diameter.., which is the size recommended for pears, was used. 
Care was taJren to screw the plunger all the way in ~so that its depth 
of penetration should be uniformly nve-ldxteenths of an inch. Several 
orchards were visited in ea.ch district or in each part of the valley; 
and the fruit selected for testing was taken from the same trees each 
time, in order to eliminate variaiions due to stock or environmental 
conditions. By using 10 or more pearl!! picked from several trees in 
each orchard for a single determination, a fairly !;ignificant average 
of the condition of the pears on successive dates was obtained. On 
e~h fruit the skin was pared from a small area on three sides and a 
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test made in each of these places. Curves portraying the softening 
mte of each variety are givo"Q. in Figures 1 to 6. 

In order to correlate tho time of picking with the dessert and 
storage quality of the pears, several pickings of each variety were 
made during the seasoll, consisting usually of a preseason, midseason, 
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FIGURE 2.-Dlagrnm showing rate of softening on the 
tree for fnur varieties of Slluta Clara Valley pears in 
1027 

and late picking. These lots were held at commercial storage and 
transit temperatures and inspected from time to time for ripening 
quality, maturity, :md storage troubles. The picking period in which 
the fruit developed the best quality and had a satisfactory stora~e 
life wus determined from these records. The ranges are shown m 
Figures 1 to 6, and a discussion of each variety in regard to picking 
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FIGURE 3.-D1agrllm showing rllte of softening on the tree for three varlelies of 
Wenatchee Valley pears In 1926 and one In 1928 

season follows. Both of the seasons in New York during which 
the investigations were conducted were unusually wet and cold, as 
indicated by the weather records in Table 2; therefore definite con
clusions can not be drawn for the picking maturity of pears in this 
district. 

HARVESTING SUGGESTIONS FOR DIFFERENT V ARJETIES 

HARDY 

The Hardy (BeU1'1'e Hara'!!) .pear is one o£ the two -leading 
varieties of California fall pears and is the earliest one on the market, 
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closely following the Bartlett of California. The movement of this 
variety generally begins about the first week in August. It is not It 

long-keeping variety, and its quality is more dependent upon care
ful handling than that of some of the later, firmer pears. Its tend-
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1,'UlUUfl .1.-DlngrnlU show!ng rnt~ of ~o{tenlng on the tree for four 
varieties of WCllutcllce Vnlley pelll's !Il 1927 

encYl if picked too early, to wilt and to develop only a mediocre, 
insipid, often Ilstringent flavor necessitates leaving it on the tree 
until well matured. Since the Hardy tr('e will hold its fruit until 
late in the season, it is not so much the Iear of losing some of the 
crop by dropping, but rather the d('sll'c to ~et a preminm for early 
fruit that is responsible for shipments of Immature pears. "When 
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FIGURE u.-Dlngrnm ~howll1g rntu of softening 011 the 
tree for five vlll'ieties of Hudson Rive.. Valley peurs
ill 1927 

this variety is nt its best, its tender, juicy, aromatic. flavor is distinctly 
attractive. If picked too late, its storage life is materially reduced. 

As this pear approaches picking maturity its skin loses its dllrk
green color and begins to show a light-green hue, apprmdmating 
color standard No.2 in the color chart. (Pl. 1.) 'rhe flesh under
goes It gradual softening, usunlly at u. slightly lower rate during the 
picking season than just prior to it. In 1926, the pears softened 
on the tree from July 5 to August 7 from 11.7 to 8.7 pounds, as deter
mined by pressure tests, or approximately 0.1 pound a day. .In 
1927 the softening was nt the l'llte of about 0.09 ponnd a day durmg 
the ripening period on the tree. Good dessert and storage qunlity 

http:l,.-BO.sO
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WaS obtained in both seasons when the pears were picked at a pressure 
test between 10 and 9 pounds. The pears of earlier pickings shriv
eled considerably and lacked sweetness and richness of flavor, and 
those of lnter pickings softened rapidly at storage and transit tem
peratures. On the basis of these tests, Hardy pears should not be 
picked at a ~Teener stage than indicated by a pressure test of 10 
pounds it fmrly good quality is to be secured. The best dessert 
quality was secured in fruit testing 8.5 to 9.5 pounds. However, 
the larger pears testing less than 9 pounds when picked tended to 
develop core breakdown in stornge. 

OUmGEAU 

Shipments of Clairgeau (Bew'7'60lai'rgeau) pears from California 
begin about the middle of August. The variety is classed as one of 
mlnor importance, only about 7 per cent of the total acreage in fall 
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lo'lOt'UF! G.-Dlngrnm HhOly!ng comparative rates or ~often!ng on the, tree for Santa 
Clul'a "ulley pears grown in dltrerent orchards In 1026 and 1927 

nnd winter pe!m; being devoted to this variety. In the 1926 season 
tllO pears softened on the tree from 18.9 to 14.1 pounds as determined 
by pressure tests, from .July 5 to 30, or an average of 0.19 pound a day. 
In the Hudson River VuHey, where this pear is second to the Kieffer 
in importance, there was practically no softeninr; on the tree in 1926 
from September 7 to 30. However, in 1927, during the 44 days from 
Au~ust 25 to October 8, a softening of over 4.6 pounds was noticed, or 
about 0.1 ponnel a day. In the Wenatchee district the rate of soften
in~ was 0.08 pound 11 day in 1927 and 0.07 in 1928. The softening 
l'!tt(' was fairly uniform throughout the season, which was terminated 
by the pC'ars dl·oppin.r from the tree. 

The storage life of 5lairgeau pears is limited by the development of 
scald. Since this storage disorder is decreased by late picking, the 
~(Ineral ro('ommenelation is to allow this variety to remain on the tree 
as 1()11~ us possible. The dropping of fruit from the tree usually 
determines the harvest clute of this pelLI'. By this practice the 
des~(ll't quality is enhanced anel the length of the storage life ex
tend('d. In California the best time to pick was when the pears 
!:>hnwec] pl't'~SUl't' tests of less thnn 13 pounds; ill Nf'wYork tlw range 
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was less than 14.5 pounds; while in the ·Wenatchee district it was gen
erally less than 14 pounch.,. 

AX.TOU 

The Anjou (Be'I1!/>re d1'A.njO'!.D) pear is not a leading commercial 
variety in California., but holds second place among the late pelLrs in 
Washmgton, and is a very important variety in Oregon. It is gro,YU 
to some extent in the Hudson River Vaney of New York. Anjou 
pears are genernlly harvested in early September in the Pacific N orth
west and somewhat earlier in California. As the Anjou pear ma
tures on the tree its skin undergoes a noticeable change that is a· 
valuable index of maturity. The skin takes on a characteristic waxy 
finish, losing to some extent itslebble-grained appearance as well as 
its dull, lusterless look. Since njou is very susceptible to wilting if 
picked immaturely, this skin change, with its accompanying cork
mg over of the lenticels, is important as an insurnnce against mois
ture loss and subsequent shriveling. The fruit of the Anjou variety 
loosens from the tree somewhat markedly as it approaches picking 
maturity, and some loss from dropping frequently occurs. The in
crease in size of the fruit remaining on the tree, however. ,yill com
pensate in tonnage for considerable loss from droppinO'. 

In the Wenatchee Valley this variety fihowed a gradual softening 
on the tree, amounting to about a 0.12-pound pressure a day in 1926. 
0.13 a day in 192-7, and 0.14 a day in 1928. In the Hudson River 
Valley during the 1927 season there was a softening on the tree from 
16.7 pc;mnds on August 25 to 11.8 pounds on September 28, or a. daily 
softcmng of about 0.15 pound. The rate of softening was most 
rapid just preceding the picking season. Figures 3, 4, and 5 show 
the softening rate of this variety in the ·Wenatchee and Hudson 
River Valleys. In Washington the best quality has generally been 
obtained with this yariety when picked at a pressure test of 13 to 
10 pounds, with a gronnd color from 2 to 2%, as indicated by shades 
between 2 and 3 in Plate 1. In New York the best range for pick
ing is estimated to be between 13 and 12 pounds. In Oregon the 
pressure test ran~e rt'commellded by Hartman U) is 14 to 10 pounds. 
In the Grand Junction district of Colorado during the 1929 season 
there was a softening of Anjou pears from 14.6 pounds on August 
24 to 12.2 pounds on September 19, or a daily softening of 0.09 
pound. Storage tests for the one season wou1c1 indicate a picking 
range for this district of 14: pounds or less. 

C;OMICE 

Cornice (Doyen11f flu Oomice) first reaches market from the 
Pacific coast in the early part of September, the marketing season 
extending to the Christmas holidays. According to Shear (11), 
this variety ranks fourth in importance among fall and winter pears, 
Wint{lr Nelis, Anjou, and Bosc preceding it, in the order of their 
importance, in the sales of Pacific coast pears in the New York auc
tion. During the 1926 season in California this variety softened on 
the tree from 16.5 to 9.6 pounds from .July 5 to August 15, or about 
0.17 pound a day. The softening rate was most rapid just preceding 
the picking season, In 1927 these pears sofiened abput. 0,16 pound a 
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day; and the rate was fairly uniform throughout the season, as 
indi<.'ated in Figure 2. In the ·Washington district the rate of 
softening on the tree was somewhat less, amounting to 0.07 pound 
a day in 1927 and 0.05 pound a day in 1928. 

Although Comice pears are not so subject to wilting as Hardy, the.y 
require very careful handling to prevent bruising and subsequent 
darkening of the skin. The use of paper between layers of pears of 
this variety hl the picking boxes is not an uncommon practice to 
prevent stem punctures and bruising. When picked too early and 
ripened, this variety is inclined to be somewhat astringent and the 
skin tou~h. The best dessert and storage quality was obtained in 
CalifornIa Cornice by picking when the pressure test. was 11.5 to 9 
pounds. At the lower figure the fruit became soft sooner than earlier 
pickings, but the flavor was slightly sweeter. ·Washington Comice 
pears were of the best quality when picked at a pressure test of 10 
pounds. Gooa results were' also secured when these pears were 
picked ut It pressure test of 11 to 9 pounds. The ground color at this 
sta.ge of maturity is generally from 2 to 2112. 

BOse 

Bose (Beu1'l'e Bosa) pears are on the market about the same time 
us Comice. This variety is grown in all of the Pacific Coast States 
and also in New York. The Rogue River Valley in southern Oregon 
is the largest producer of this variety. As work with Bose in Cali
fornia has been somewhat limited, definite recommendations are not 
available, but present results indicate that it should be picked at a 
lower range than in the Medford district of Oregon, where the 
recommended pressure-test range is from 16 to 14 pounds (5). In 
1926 the California Bose softened on the tree at a rate of about 0.08 
pound a day. During the same season in "\-Vashington the softening 
rate was 0.07 pound a dar, and 0.14 pound a day in 1927. Best qual
ity was obtained with th?') variety in the Wenatchee Valley when the 
fruit was picked between 13 ancl 11 pounds, with the ground color 
2~ to 3. The firmness of the best pears was usually about 12 pounds 
when picked. 

The color chart can not readily be used with Bose pears because of 
the peculiarly characteristic color of this variety. There is, how
ever, a distinct development of It golden-YE'llow color as proper 
maturity approaches. 

A characteristic smooth, glossy finish also appears on the Bose 
pear as an index of maturity, and there is some loosening of the 
fruit on the spur. 

The late picking of Bose may predispose the fruit to core break
down or to breakdown beginning in the slender neck of the fruit. If 
picked very late, Bosc, when ripened, may have a surface discolora
tion resembling scald, which occurs particularly on the neck of the 
pear. 

The picking of Bosc in an immature condition generally results in 
the shriveling of the neck of the fruit while it is in transit or in 
storage. 

In New York during the 1927 season these pears softened It little 
OV01' 5 pounds from August 25 to September 28, or about 0.15 pound 
It day. During the picking season the pressure test ranged from 



9 HARVESTING AND HANDLING PEARS 

about 15.5 to 13.5 pounds, with only fair quality developing in any
of the pickings in either season. 

HOWELL 

The Howell variety is grown to some extent in the Hudson River 
Valley and is one of the less important varieties in the Pacific Coast 
States. During the 1927 season in New York the pears softened on 
the tree from 18.7 to 14.3 pounds from August 25 to September 28, 
or about 0.13 pound a day. The softening was most rapid dming 
the tatter part of the season. It is probable that pressure tests of 16 
to 14 pounds at picking would give satisfactory st.orage and dessert 
quality. 

KlEFFElt 

In the Hudson River Valley and in most of the other eastern pear 
districts the Kieffer leads all other winter pears in commercial im
portance. During the 1927 season the pears softened from 18.4 to 14 
pounds from August 25 to October 8, 01' at the rate of about 0.1 
pound a day. The rate of softening was fairly uniform, as Figure 5 
indicates. 

In all the lots picked there was much shriveling, suggesting that as 
a general practice this variety is picked too early. It is likely that 
fruit picked at a firmness of about 13.5 pounds would be better in 
quality tpan earlier pickings. 

FLEMISH BEAUTY 

The Flemish Beauty variety is of some importance in the Wenat
chee district and finds considerable favor in the export trade. 

When the fruit is harvested immaturely it loses its characteristic 
flavor and becomes insipid and watery after it is ripened; it also 
wilts very readily and has a dull appearance. When properly picked, 
however, it has a very pleasing flavor, fine-textured flesh, and an 
attractive appearance in the ripened condition. 

In the 1927 season in Washington the pears softened at the rate 
of about 0.13 pound a day; in 1928 the rate was about 0.17 pound 
a day. Flemish Beauty pears picked at a :{>ressure test of 13 to 10 
pounds, with a ground color from 2 to 2Y2, rIpened satisfactorily and 
kept well in storage. 

When the pear is mature its skin assumes a characteristic smooth 
finish and may often exhibit a blushed cheek. It drops from the 
tree quite easily when ready to harvest. 

LAWRI'lNCE 

Lawrence pears ar~ grown to some extent in the Grand Junction 
district of Colorado. They are of good quality and keep well in 
storage. During the season of 1929 this variety at Grand Junction 
softened from 16.9 pounds on September 13 to 13.2 pounds on 
October 3, or an average softening of 0.18 pound a day. Storage 
tests for the one season indicated that the dessert quality was not 
appreciably improved by allowing the fruit to remain on the tree 
after reaching a pressure test of 16.9 pounds. The storage quality 

8888.'3 0 ____..'32--2 
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was improved, however; so that for best storage and dessert quality 
a pressure test range of 15.5 to 13.0 pounds at picking time would 
seem to be desirable. 

WINTER NELIS 

Winter Nelis is nt the present time the leading late peur of the 
Pacific const, making up an important portion of the crop from all 
three Stntes. In California. it is generally harvested in early Sep
tember but is usually held in storage until after Christmas. Harvest 
in Oregon and 'Washington is in late September or early October. 
It is the principal dessert pear on the markets from midwinter until 
latc in the spring. Because of its naturally long life, this pear is not 
so difficult to handle as some of the softer, more perishable varieties 
such ns the Comice and Hardy. However, many boxes of Winter 
Nelis rench the consumer with most of the elements of its character
istic spicy, sweet flavor lacking because of its being picked too early. 
1Vhcn harvested in an immature condition the pear is somewhat 
astringent upon ripening; it lacks the attractive yellow ground color 
showing through the russet and is often shriveled about the stem. 
Although sueh pears mllY be acceptable to those who have never eaten 
a "Winter Nelis in prime condition, they do not stimulate the demand 
for this excellent winter peal'. 

Durill~ the 1926 season in California the pears softened 8 pounds 
from JUly 17 to September 15, or about 0.13 pound per day. (Fig. 
1.) In 1927 the rate of softeni~g was less, amounting to 0.G7 pound 
pel' day. (Fig. 2.) Winter .Nelis pears developed the best des
sert qnality and had a satisfactory storage life when picked at a 
pressure test of 13.5 to 12 pounds. When the pears were left on the 
tree until testing 12.5 to 12 pounds, the quality was very good, the 
penn; being sweeter and richer in flavor than earlier pickings, and 
the storage season was not materially reduced. Fruit testing less 
than 12 pounds when picked has a tendency to core breakdown in 
storage, while that picked at a pressure test of over 14 pounds was 
often astringent in fluvor. . 

In the 'Venatchee Valley the rate of softening on the tree was 0.1 
pound a day for each of tlie seasons of 1926, 1927, und 1928. Winter 
Nelis pears from this district were of the best quality when picked 
at a pressure test ranging from 14 to 10 pounds, with a ~round color 
of 2 to 21/:,. The very best pears were usuaUy those picked at about 11 
pounds by pressure test. In Oregon, a range of 14 to 11 pounds is 
likewise recommended (4). Since this variety usually clings to the 
tree well and the market season for the pear is primarily winter and 
spring, it is best to leave -I;he fruit until well matured. 

EASTER IlFJURRE 

Easter Beurre (Ea,~te1') 'pears are grown J?rincipally in California, 
hut some plantingl'J of thIS variety are bemg made ill the Pacific 
Northwest. It is one of the longest-keeping pears, most of the fruit 
being marketed in the early spring months. Easter Beurre pears 
offer few hazllrds in handling, being hard, with a rather rough skin, 
and slow to ripen. However, in the present tests, earlier pickings of 
this variety (ltd not ripen with an attl'llctivo yellow color when re
moved from storage and were inclined to be dry and insipid in flavor, 
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showing some wilting, especially on the smaller specimens. .Later 
pickin~s were much more at~l'actiye and better flavored a~d hel?
better m storage. In 1926 thIS varIety softened on the tree lIi Cah
fornia at the rate of 0.16 pound tt day just prior to, and during the 
harvest season, and exhibited the same rate in 1927; in Washington 
the rate was slightly less for these two years. Easter Beurre pears 
piclmd at pressure tests of less than 15 pounds gave the best results 
1ll both dessert and storage quality. 

SUMMARY OF PICKING :RECOMMENDATIONS 

The pressure-test range and ground color indicating the picking 
condition for best dessert and storage qualit,y for each variety studied 
in California, Washington, and Colorado where typical seasons were 
encountered are summarized in Table 1. 

, 
~'ABL.El 1.-Pre,Qsure·test ran!le,~ Uilldl grOlf/llZ color indicating best aC88ert and 

siora-ve quaUty Of pea~' 1)(lqiCti08 from oalifornia, Wa8h'ington, and Oolorado 

GroundVnriety Pressure·test range Localit~'color I 

Pound. Numbu 
Hnrdy••..•._•••.••.•.•••_•••.••.• 10 to 9 ..•••..••••._••• __....... 2 Santa Clara Valley, Calif. 

Clairgeau___ ••. ____ •• _. __•__ •__ •.• Less than 13___•_____ •________• _._.______ Do. 

Do_ •._...__ ••______ ._...._.•_ Less than 14...: __ •_______ •__ ...__ •____ ._ Wenatchee Vnlley, Wash. 
Anlou_ ...._.__ •__________ ... ___ .. 13 to 10. __.._____ . __ •____ •____ • 2 -27'> Do. 

Do __ •____. __............__ . __ Le33 than 14_._ ..__ ....._......_.__ ..... Grand Junction, Colo. 
Cornlce..........._....__......... 11.0 to 9_.._..._...__ •____ .._..._..._._._ Snnta Clara Valley, Oalif. 

Do __ ....__..____............. 11 to 9 ..__ •__ ....______ . ___ .... 2 -27!1 Wenatchee Valley, Wu~h. 

Bose.....____ •____ ................ About H or less ___._....___....._____.._ Santa Clara Valley, Calif. 


Do.......__..____ ...._....... 13 to 11._._ .._._............._. 2J,f-3 Wenatchee Valley, Wash. 

Flemish Beauty. "_,_,_,,,,,,__ ,, 13 to 10...._•.__ •._•.••••_._... 2 -27!1 Do. 

Lawrence................_.••_.... lli.1i to 13••_••_............._....._.__._. Grand Junction. Colo. 

Winter Nells •.••..•__ .•••_....... 13.0 to 12.0...____•• _____ . _____ .. __ ••____ Santa Clara VaUey, Calif. 

Do ____ •____•__ •_____ •__ ••• ___ 14 to 10__•____ •• ______________. 2 -2J1j Wenatchee VaUey, Wash. 
Easter Beurre •• _________ •_____ •__ Le33 than 10___________ ..._______________ Santa Olara VaUey, Calif. 

Do...._______••__ •• ___ .. __ •• ______do_. _______..._. __ •_____• 2 Wenatcbee Valley, Wash. 

l.An exp' .J!ltlon of the color scale used is given in connection with the color chart illustrllted in Plate 1. 

EFFECTS OF TOO EARLY PICKING 

A comparison of the best picking maturity for the foregoing 
varieties with the maturity at which many growers have been picking 
their pears strongly suggests that the practice of picking pears too 
early in the season has been followed by many orchardists in the 
past. In the last few years, however, there has been a cOlp.mendable 
tendency toward paying more attention to the picking maturity of 
shipping pears, which has resulted in an improvement in the quality 
of the product. Certain varieties, particularly Winter Nelis, Anjou, 
Clairgeau, and in some cases, Hardy, are still generally picked too 
early for best dessert and storage quality. Overholser ancl Latimer 
(10), working with California varieties, call attention to this practice 
by some growers and emphasize the superior dessert and storage 
quality resulting from pickings of Santa Clara Valley Bosc, Cornice, 
and Hardy made two weeks later than the conunercial harvest 
period. 

UNRELIABILITY OF PICKING DATES AND SIZE A.S INDEXES OF MATURITY 

The unreliability of dates as 11 picking guide is clearly brought out 
by the comparison of the seasons shown in Figure 6. In 1926 
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Comice pears had reached picking maturity by July 27 in orchard 
A, whereas in 1927 the same maturity was not reached until August 
27, a difference of 31 days. In orchard B the difference was 26 days 
between the two years in this variety. While these differences are 
very marked because 1926 was an unusually early season, they exist 
to some extent from year to year) complicating the setting of picking 
dates. 
It is recommended that the grower set a tentative harvest date for 

each variety, considering the earliness of the season in respect to 
past seasons and, before this date, give several weeks of attention to 
the maturity of the fruit itself. By using the pressure tester and 
color charts, the ripening of the fruit can be followed with the 
reasonable certainty of lmowing when the pears should be removed 
from the tree. 

VARIATION IN FRUIT'MATURITY IN DIFFERENT ORCHARDS 

The necessity of making the application of maturity data to one's 
own orchard rather than following the picking period of a neigh
boring orchardist, no matter how carefully determined by him, is 
shown by a comparison of picking data of orchards. (Fig.6.) The 
three orchards A, B, and 0 were within a radius of 4 or 5 miles, but 
A was in sod, and Band C were clean cultivated. The Comice trees 
in A were older than those in B, while the Winter Nelis trees were 
about the same age. The Hardy trees in orchards Band C were 
approximately the same age. A rather marked diffel'ence is noticed 
between the rate of softening of the Comice in orchards A and B 
during the 1926 season; the difference was evident in 1927 but not so 
marked. In 1926 this variety was ready to pick about a week earlier 
in orchard A than in orchard B; in 192'/ the difference was about 
three days, likewise in favor of orchard A. Although the rate of 
ripening of the Winter Nelis variety followed the same trend in 
both seasons, the fruit in orchard A reached picking maturity first 
in 1926 and 1927. As Figure 6 indicates, the Hardy pears were ready 
to pick about a week earlier in orchard B than in orchard C, both 
of the orchards being clean cultivated and about the same age. No 
attempt is made to explain the earliness of the harvest in one orchard 
with respect to another; but t,he character of the soil, age of the 
trees, cultural conditions, and kind of stock undoubtedly affect the 
maturity of the fruit. Hartman (5) found that in regions of lighter 
soil Bosc pears were ready to harvest earlier than in parts of the 
Rogue River Valley, Oreg., '" 're heavier soils predominate. This 
fact has also been observed for a number of the varieties of pears 
grown in the Wenatchee district. Murneek (9) likewise noticed a 
difference in the time of l'ipening between orchards of Bartlett pears 
and emphasized the value of the pressure tester in showing these 
environmental differences. 

CARE IN USE OF PRESSURE TESTER 

In using the pressure tester certain precautions should bp, followed 
to eliminate errors. One of the most common mistakes made .is that 
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of not selecting adequate or representative samples of fruit for 
testing. Not less thall 10 pears should be tested from the orchard at 
one time, and these should be selected with regard to size and color, 
in accordance with picking practices. If the practice is to make 
severn'! pickings, removing the largest and most mature-looking fruit 
at each picking, then this i,s the kind of fruit that should be selectecl 
for the pressure test. If all the fruit is to be removed at one pick
ing, an assortment of sizes should be taken and consideration given. 
to the amount of fairly ripe and somewhat green fruit on the tree. 
The flesb, on two Oi' three sides of each pear should be tel3ted to get 
an average of its texture. By selecting fruit from several trees in 
different parts of the orchard, obviously a, better average of the con
dition of the crop is obtained than if only one part of the orchurd is 
tested. If decided differences in soil conditions are found in an 
orchard, it may be advisable to test the fruit separatelv from these 
different locations. • 

The actual manipulation of the pressure tester requires reasonable 
care and attention. The tip of the plunger should be screwed all 
the way in, as mentioned before, so that the depth of its penetration 
will be five-sixteenths of an inch, the same dimension as it,s diameter. 
If the tip of the plunger becomes rough or misshapen from careless 
handling, it should be discarded and a new one used. After remov
ing a small area. of skin, about one-half of an inch in diameter, the 
fruit is placed against the hand or wall or any convenient surface 
and the end of the plunger directed squarely against the cut surface. 
The opposite end of the apparatus rests against the hand, and the 
pressure is applied until the plunger penetrates to a sufficient depth 
(five-sixteenths of an inch) to push the collar against the metal 
disk, which completes the circuit, lighting the flal3h light. The 
number of pounds indicated on the scale by the sharp line ibetween 
the black tip and the metal surface of the sleeve, called the "indicator 
line," is read. Some have made the mistake of using the end of the 
black tip as the indicator line. In using the new type tester the tip 
of the plunger is pushed into the pear as far as the groove on the tip 
and the reading IS then taken at the place where the rider rests on 
the scale. It is important to test the reading of the tester fl'om t.im.c: 
to time with un accurate platform scale, pressing down on the scale 
with the tester until the scale registers a certain number of pounds 
and checking that figure with the one registered by the instrument . 

• If the machine needs adjustment it should be returned to the 
manufacturer. 

EFFECT OF TRANSIT AND STORAGE TEMPERATURES UPON 

RIPENING 


Physical and chemical changes continue to take place within the 
pear siteI' it is picked. It has been found that in Bartlett pears, 
from the time of picking until full ripe, there is a decrease in such 
substances as starch and pectin materials (6). The change in the 
amount and nature of some of these substances, such as pectose, which 
give rigidity to cell walls, may account for the softening of the flesh 
during the ripening period. The acid content of well-matured fruit 
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remained about constant during storage, and all pickings exhibited 
1\11 increase in sugars while ripening in storage. Temperature has a 
direct bearing on IllOSt of the changes that occm'. Pears held at 
300 F. for a. period of from six weeks to three months and then 
ripened at 700 contained more sugar than those held at 400 continu
ously until ripe, a fact which emphasizes the desirability of using 
temperatures low enough to nearly suspend physiological activities 
in t.he fruit rather than temperatures only sufficiently low to retard 
ripening somewhat. At 370 the respiration rate of Bartlett fears 
was found to be about twice that at 300 (7), and since the rate 0 CO2 

output and O2 intake is an index of the speed at which the ripening 
process is going on, it follows that the pears were ripening about twice 
us fast at 370 as at 300 Gore (2) found that for every increase of• 

180 in temperature, the respiration rate increased 2.23 times in Seckel 
pears and 2.24 times in Kieffer pears. However, Magness and Bal
11ml ('7) found that the maturity of the Bartlett pear more markedly 
affects the respiration rate than does temperature. Pears of the same 
maturity respired only 1.5 times faster at 600 than at 370 when green; 
us they ripened the rate increased at both temperatures, but much 
fast.er at tll(' higher one. At 600 the respiration rate had reached in 
1 G days an intensity 8 to 9 times that reached at 370 in 25 days. 
Nevertheless the temperature at which the fruit was held was the 
controlling factor, as the higher temperature favored ripening and 
thus caused un increased respiration rate. 

In the commercial storage of fnll and winter pears one of two 
methods is generally followed. 'Where local storage facilities and 
conditions are favorable, some growers store their fruit at the ship
l)in~ point and hold it there until ready to market; other growers and 
den.1ers prefer to ship the pears immediately after packing to the ter
minal markets, where they are held in cold storage. Shipping the 
fruit from the Pacific coast to the Atlantic coast markets takes about 
12 days, during which period the pears are subjected to refrigerator
car temperatures. The temperlltures of the top layers of fruit in cars 
during a 12-day transit period have been found to average about 
530 F. in nonprecooled shipments and about 43 0 to 45 0 in precooled 
shipments. ~'hus, if warm fruit is loaded in the refrigerator car, the 
top layer will be subjected for 12 days to a temperature averaging 
about 100 higher than if the fruit had been cooled before shipping. 
Needless to say, the best precooling practices are those that lower the 
temperature of the fruit as rapidly as possible. Under ordinary con- • 
ditions 24 to 48 hours are usually required to reduce the temperature 
of the pears in the center of the boxes to less than 400 F.; if tempera
tures much higher than this prevail, the fruit can not be considered 
precooled. 

EXPERnKENTAL METHODS 

In order to determine the effect of temperature and time of picking 
on the commercial storage life of the important varieties of fali and 
wint-er pears, investigatlOns were conducted with fruit from Cali
fornia, New York, and Washington, in connection with the work of 
determining picking maturity. 'fo imitat-e shipping-point storage, 
fruit from the early, midseason, and late pickings in California was 
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stored in rooms Jleld at 30° to 32°, fit 36°, and at ';00 F. on the day ou 
which it wus picked, box lots being stored under each condition. In 
the "Wenatchee Vulley, 1Vush., a storage temperature of 32° WilS used, 
and with the New York varieties, storage temperatures of 32°,40°, 
and 60° were used. The rate of softening at these temperatures was 
determined by making pressure tests at regular intervals. Samples 
of pears were removed from the lower temperatures from time to 
time and ripened at 10° to ascertain t·he effect of the storage 
temperature on ripening quality. The feasible commercial-storagc 
period at shipping point for the different varieties was estimated by 
considering not only the quulity and storage defects upon remoya~ 
from storage but also the ripening and breakdown which would nor
mally oCCur in transit and during marl{eting. A margin of safety 
has been allowcd in arriving at these estimates in order to give reason
able assurance thut the fruit will urriTe at its destination in n finll 
condition suitable for marketing. 

To imitate shipping and storage ut terminal mnrkets, lots from 
each of the pickings in the Santa Clara Valley were placed in storage 
at 43° and 53° F. 011 the day the fruit was picked, and after 12 days 
at these transit temperatures part of each lot was moved to 31° and 
held until the stornge season ended. Pressure tests were taken at 
3-day interva.1s while the" :peurs were hel~ ~1 temperatures of 43° and 
53°, and some of th~ h',\Ilt of most val'letws was left at these tem
peratures untill'ipe. Observations could thus be made 011 the pro
longed eifeet of such temper'utures on the softening ot the pear. 
From the 31° roolll j sumples of pears were remove(1 at sllcce!:isiyc 
dates and ripened at '/0°. :my difficulty in ripening and any defects 
in the fruit being noted.' The end of the commercial-storage HeaSon 
was determined by taking into consideration the effect of longer hold
ing on dessert quality, storage troubles, and softening, allowing some 
margin of sufety for the disposal of the fruit through the or'clinal'Y 
commercial channels. 

DATA FOR DIFFERENT VARIETIES 

Although the presSUre tester was founei to be useful in determining 
the picking maturity of pears, it was of 110 particular value in the 
storage work exc<.'pt for studying the effect of tcmpemtul'C on rate 
of softening, since in many cnses the stomge life of the fruit is ter
minated not by grndual softening, but by storage troubles such as 
core breakdown, scald, wilting, and decay. The commercial-stomgo 
life of some of the J)elll's was limited also by the inferiOl' flavor 
which they develope when held beyond It certain period of t.ime. 

Table 2, compiled from United States Weather Bureau climatologi
cal data, gives the weather conditions for the three districts during 
the seasons in which the work was conducted and indicates that in 
California an almost normal season was encountered in 1927 and 
that in 'Vashington the 1928 seuson was close to normal. However, 
in the Hudson River Valley of New York, the seasons of 1926 and 
1921 were abnormally cold and wet, a fact which may have some 
bearing on the genernlly poor storage and dessert quality of the 
fruit from this section in both of these seasons. Rainfall da\;a 101' 
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Sltn Jose and 'Vcl1lltchee are not given, because the ruinfall during 
the growing senson of the fruit is negligible Itnd moisture is supplied 
by irrigntion. 

TABLE 2.-Weather conditiO/I8 during the latter 1iart of the gl"01l7illg 8eaSOll8 

SAN JOSE, CALIF. 

1926 1927 

Period Depar· Depar·Menn Meaeture Clear tlno Cleartempera' temperafrom days from daysture turenormal normal 

OF. OF. ltrumbtr 0p. OF. Number 
ruly•••••• __ •••••••••_••••••••••_.......... • 68.8 .1.+2. 3 30 67.4 +0.9 26 

August._._. __ •••••••••••••••••••••.•.•.••• 67.0 9 2.; 66.9 -.2 18 

~eJt~~r~~~:::::::::::::::::::::::::::::::: ~:g +kg i~ ~i:~ +U ~ 
SCllSon••••••• __ ••••_••.••••••••••••••• -••-.-••-.-_.-",.-I.-.-..-.-._-.-._-l-I---{)!-g.11"_-.-..-.-..-.-_. === ---t!a-

HUDSON, N. Y. 

1926 1927 

Period Moon Depar· Depar· Mean Depar- Depar
tem· ture Rnin· turo Clear tem- ture Rnln· turo Clenr 
pern· from fall from days pern- from flllI from days 
turo normnI normal turo normal normal 

°P. ·P. Inch., Inche8 Number ·P. °P. Inche8 Inches Number
July.____•___ •__ •• _ •. 69.6 -2.3 3.10 -0.21 20 70.7 -1.2 8.411 +5.18 G
August._.__ •_____••• 69.4 +.7 5.25 +1.23 JO 64.3 -4.7 9.51 +5.411 11 
S3ptember _ ._.",._. W.2 -2.7 2.81 -.78 13 m.o -1:9 2.60 -.99 21October••__•________ 47.2 -4.9 4.93 +1.76 10 52. 2 +.1 6.37 +3.20 18 ----,-16.1)9 ---

SCllSon·--·..·-··i -.-.-.- _._ ••___ +2.0 53 ------- .. --_ .. _--- 26.97 +12.88 59 
I 

WENATCHEE, WASIl. 

1926 1927 1928 

Period Mean Dcpar. MCBII Dcpnr· Moon Depar· 
tern· ture Clear tern- ture Clear tern· ture Clear 
pera· from days pera· from days perno from days 
turo normnI ture normnI ture normal 

--------1--------------------------. 
o P. •F. Number •P. • F. Number of. • P. Number 

July._._•.•••_._..._._ ••••__• 73.5 +2. 3 28 73.0 -0.2 25 76. 3 +3.0 2.1 
August_._._...._•••••_._ •••_ '10.2 -1.6 2.1 71.0 -.8 21 71.0 -.7 24 
September.___ •••_••_._••_••_ 56.9 -5.0 21 59.8 -~.l 10 62.6 +1.1 26 
October......___••. _._...... 51. 1 +. 6 15 49.6 -.9 11 48.6 -).9 13 

Senson.__ ._.__._•••_••••_ ._.__••••••_••__ 87 •••_.... ___ ••••. 67 _._._ .•••••_.... 86 

In view of the Ynrilltion between seasons and pickings within the 
recommended pressure ranges, the storage periods given in Tables 
3 to 5 Ilre of more value in compltring the effect of temperature upon 
ripening than in setting a maximum storage limit that will hold irom 
yenl' to year. 
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TABLE 3.-MaQlimum IItorcru() JlfJriodll of O(£lifornia IlCarll picTwd, 'In optinwm. 
'/1£aturity COII/lilion 

SliPPING·POINT STORAGE 31° F. 

1026 1927 

Vllflety 
Storage StorageEnd at storage period End at storage period period period 

DoV.' lIi0111h DaV' MonIh 
IInrdy•••••••••••••••••••.• 125-141 December•.•••••.•_._..... 7(>-100 November to December. 
Clall'l!oou•••••••••."•••••.• 18i-107 Mnrch _........_. __ •••• _ ••••_•••_•. ,

Oomk'tl........_... ____ •__ ._ 120-1:11 DCcNnh"r......_______._.. 5S-60 November. 

Bosc.........._...._...._.. 1117-170 JnllUllry•• __._••_.......... 115-124 Jnnuary.

Winter Nells ....._____._._. ZI3 Mlly...................... 177 April.

EMter Deurre •• ___._. __ •••• 251 l\[ay to Juno. __........... 105-20.1 April to May. 


SITIPPING·POINT STOIUGE 3Go F. 

Hnrd~•• __•__.............. 04-1o.~ October to November. •••. 45-60 October. 

Olnlrgoou........_......... 102-150 No,"",uber to Jununry ••.•••••• __ •••• 

Com!ca............ __...... 67 Octoher ••••••.•••••••••••• 4(}-43 Do. 

Dosc•••.•••••••••••••" •••• I26-lUi Nov,'mber to Jnnunry..... 60 November. 

Wlntor Neils ............... 175 Mnrch. ••••.••••••••••• ••. 141 ~'ebrunry to March. 

EMter Dourrc .••••_....... . ~l Mny....._................ 13(>-144 Do. 


TEnMrNAL·~-L\nKET STORAGE 31° F. (PRECOOLED SHIPMENTS) 

Hurdy....__............... i8-1011 November to December... 52-ll7 November to December. 

Olnlrgonu•.•••.•_••••""" 102-187 November to~'cbrunry '" __ •__ . __ __ 

Comice........__.......__• 120-1:11 Decemb,'r....... __••• __._. 68-61 November. 

Bosc..... ____........_••••. Wi-li6 Jnnunry••.••. __•••• __..... 60-95 November to December. 

Winter Nells ....._••••••••• 226 Mny...................... 201 May.

Enster Beurre .............. 231 .....do.................... 144-225 April to June. 


Tl~HMINA.L·MAHKET STORAGE 31° F. (NONPRECOOLED SHIPMENTS) 

Hnrdy•••••••_......_•••_•• 15-18 August to September .• __ •• 33-42 October to November. 
Olalrgenu.................. 60-187 October to February................ 
Comlc6.................... 40-47 Septemher......._•••____• 3(}-45 October. 

Dose•••••••___............. 107-110 November••••.__ ......... 63-124 December. 

WInter Nelis ...........___• 175 Mnrch to AprIL•••• __.... 141 FebMlnry to March. 

Easter Beurn' __ ••••••• _•••• 191 .••••do..................... 13(>-144 Do. . 


TABLE 4.-Num.ber of drl·Us requircd for' ripening Oaliforll-ia pears at different 
temllcratw'ell when picked at optim-Im~ 111(1-tllrity I/.1ld ,ytorea inwl-e-dia.telll 

TIme required tor ripening at Indlcnted temperature (OF.)
tor tbe year-

Vllflety 1926 1927 

7
______________.1___°_°_ ~~~~I~ 

DaV8 DaV8 lJav. DoV' DaV6 Dalll 
Hardy.................................... IH2 15-18 24-30 9 15-18 3(}-4S
Clalrgeau................................. IS 20 00 """"" •••••••.••••___ •••__ 
Comlco•••__•••••••••••••••••••••••_...... 12 15-/8 30-36 IH2 15 30 
Bose•••• __ •• __............._............../ 11-12 21-2~1 5IHJO 12 18 45-60 
Winter Nells ..........._._••••• _. __ •••••••••••••_......__•••__ •• _. __ •••• 12 15-18 30 

EIISter D~urre..................__ ••••••••••______............. """"" 18 'J7 


-~, 
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TABU1 5.-Picking scaSon (Iud, l)riJl(:i/l(~1 .~tol·a{'(J /.rultlilc&, othC'I' than mold. of 
ICIl/ling varieties of e'rtlifornia fall and wintcl' 1Jcars 

Picking dales 
Variety Principal storage troubles 

19'16 1027 

Hardy._____________ July 20 to Aug. 5 __ Aug. 20 to :lL _________ Shrivel, coro breakdown, scald. 
Chlirgellu_. _________ Aug. 8 to 18_____________•• _. __________ •___ SCilld. 

ComiCe...._..... _••!Ang. 1 to 12••• ____ S~Pt. Il to la••• __ • _____ Core hreakdown. 

Rose. ___ ••••_... ___ .rnly 23 (0 Ang. 3__ Au~. 25 to S0pt. :1 •• ___ Surface and core breakdown, shrivel. 

Winter N~lls .•••_._ Rcllt.15. ___•______ gept. 10 to Oct. 7.... __ Core and Hesh breakdown. 

Easter Deurro ...___ Sept.19 ____......_ Oct. 4 to 12____._...... Surfaco and core breakdown. 


-"'-" '..-. ,--- -.----- " -- .. " . ----- ---------
These duta. show the storage behavior of Culifornia varieties of 

pears picked at optimum maturity and held at various temperatures, 
while 'fable G shows the llmount of softening that takes place in 
each of the varieties during 12 days at temperatures representing 
precooled and nonprecooled shipments. The data show the rate of 
softening, at various storage anti transit temperatures, of midseason 
pickings representing each variety, respectively. Later, a discussion 
of the stornge life of each vnriety is given. 

'l'AIlLE 6.-A:rerago amoullt of ,qOftellillg at tlm~/lCratures appro:r:imntely those of 
lop 11l1!('r,~ in e(/r,~ of d.iffcrcll t 1:(/rictie,~ of llCar,~ dur'in{l a lwriod of 12 days, 
a,~ ,~"o/('n. by IJrc.~,~flrc I('.~tg 

Softening .IS shown II Softening n.q shoWI! 
b~' pressure test I by pressure test 

Variety Variety 
Nonpre- P I d I Nonrcre• Precooled cooled r~~o,e 
(530 P.) (43 F.) , (~~ ~~) (430 F.) 

i Pound., Pounda Poundl Pounda 
Win tor Nelis_ •••••••_.. _..... 0.5 1.-1 Bosc...... __ ...........__..._. 3.5 2.1 

IIardy.............. _•••.•.••. ' 5.4 1 ') Easter Beurro .. _......__...._ 2.5 .6 

cornlce....- ......-•• -.- .••-.-i 5.0 • 6 Clairgeau •• __ .............__.. L1 .9 


lIARDY 

Table 3 gives the effect of two temperaturcs on the storage life of. 
California Hal'dy pcars at shipping point and at terminal market. 
The data given are for pickings made during the optimum harvest
ing period of 10 to 9 pounds, as determined by pressure tests, and 
do not include preseason 01' late pickings. This variety in 1926 was 
held at shipping point at 310 F. until December 8; in 1921 it was 
held until November 28. Although terminating at approximately 
the sllme date, the storllge season in 1927 was much the shorter of 
the two, since the date of harvesting in t921 was about one month 
later than that in 1926. At 36° the storage life was reduced three 
to four weeks, ending on November 18 in 1926, and on October 19 
in 1927, The length of storage at 31° following 12 days at 43 0 

closely approximllted the commercial life at 31° in both seasons, but 
the amount of ripening resulting from transit temperatures 10° 
higher reduced the storage life by three to six weeks. After 12 
days at 53°, many lots were nearly ripe and were suit.'tb~e for only 

http:Rcllt.15
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very short holding, if any, at cold-storage tcmperatnres. The New 
York auction reports. (11) show that Hardy pears were off the 
market by the middle of November, 1926, the peak of sales occurring 
about September 15. In 1927 (1) the peak of sales was reached 
about a month later, as would be expected from the fact that the 
harvesting period was about a month later than in 1926. 

The most common storage defect of Hardy p('ars was wilting, 
especially ill the fruit of the earlier pickings. That this variety is 
more sllsceptible to moisture loss than either Bose or Comice is incli
ented by Overholser and Latimer (10), who found that early pick
ings lost 13:7 per cent moisture on ripening as compared with 12.3 
and 11.4 per cent, respectively, for Bose and Comice. They founcl 
that in all cases the earlier pickings lost the most weight. Core 
breakdown was another limiting factor in the stornge life of Hardy 
pears. This variety, except in the very late pickings, would not 
ripen at cold-storage temperatures but ripened with excellent quality 
at temperatures of 53° and 70° F. As mentioned Inter, Olnirgeau and 

IOr---~--~--~~~~~-r~----'-------'~----~ 
~ r WARM rRUIT} IN TIIIIAN,sIT 


$ ~COLD '''UIT To,. or CAR 


"Dcc. 

FIGURE 7.-Dlngram showing rate of Rottenlng In transit and storage for 

Hardy peurs picked late in 1926. in the Santa Clara Valley. Callf. 


Bose were similar to the Hardy in this respect, while Cornice, Winter 
Nelis, and Easter Beurre ripened at 31° and at 36° if held long 
enbugh at these low temperatures. The effect of transit and storage 
temperatures on the rate of softening of Hardy pears is presented in 
Figure 7. 

CLAIRGF.AU 

31 

All lots of Clairgeau pears from the Santa Clara Valley, Calif., 
were held in storage at 31°F. in good condition continuously for 
more than six months, that is, until February 21. Some lots after 
being held 12 days a.t 43° and 53° had a similar. storage period at 

0 
, Storage at 36° shortened the season by one and a ha1£ to three 

months, some lots ending their season on November 18. One lot, 
stored at 31° after being held 12 days at 53°, was in eating-ripe con
dition by October 6. These dates represent the minimum storage 
periods, some lots holding up consid,'rably longer at each tempera
ture. Scald was the most important storage trouble. The Clairgeau 
variety had disappeared from the New York auction by the last of 
December in 1926, the year in which the investigation was conducted, 
the peak being reached about the first 'week in October. 

At 32° F. the storage life of the Clairgeau pears from the Hudson 
River Valley, N. Y., was 80 to 100 days, extending to December and 

http:CLAIRGF.AU
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.ranuary; at 40° the storage life was reduced to 30 to 50 days. Clair
geau pea.rs from the 'Wenatchee Valley, Wash., have been held satis
factorily in storage at 32° for periods of four to six months. This 
variety of pear from California, New York, and Washington failed 
to ripen when held continuously at 31°, 36°, and 40°, necessitating 
its removal from low temperatures to 50° or higher in order to ripen 
properly. Figure 8 gives the softening rate of California Clairgeaus 
at 31°,36°,53° to 31°,43° to 31°, and 70°. 

ANJOU 

The Washington Anjou peers were held in satisfactory commer
cial condition at 32° F. stora~e for four to five months, and have been 
observed in excellent conditIOn even after storage periods up to six 
months. 

When :properly picked the Anjou has a very delicious flavor and 
aroma, WIth a flesh of melting texture. This variety has frequently 

• 
, 

~" TRAN.'T .... ']. .~ 
~ _ /,"""CONT'NUOU~ STORAOe: J'.

t'\\ ,-' ~- ;;;;-.1__ 
I rl'fAN4.T..s; ::--.,..... 1••-- ------_." .,;:::;.-.:.~ - --
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.,. ... \ ., • ",. ., .. 
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Dcc. JAN. ,.elf. MAR. 

FIGORE S.-Dlagram showing rnte ot softening In trnnslt nnd storage for Clalrgeau 
pears picked In mlds~a90ll. 1926, In the Santa Clara Valley, Calif. 

been in a condition too immature to give the highest dessert quality. 
The highest quality found in any Anjou pears of the experimental 
lots has invariably been in those picked at a pressure test of from 
11 to 10 pounds. If a considerable acreage of this pear is to be har
vested, or very late storage is intended, it is generally desirable, how
ever, to start pickiJlg when the fruit is somewhat firmer than this 
pressure, and for these reasons a range of 13 to 10 pounds has been 
suggested. 

The best quality is achieved if the Anjou pears are taken from 
32° F. while still green and ripened at temperatures of 60° to 70°. 

New York Anjou pears were held in a commercially satisfactory 
condition at 32° F. for two to three months; at 40°, the limit of their 
storage life was one month. As heretofore mentioned, all the New 
York pears studied were of very poor storage and dessert quality, 
possibly owing to the cold wet growing season prevailing during both 
years in which the study was made. The softenin~ rate of Washing
ton Anjou fears stored at 32° in 1927 is given m Figure 9. The 
softening 0 fruit from four orchards, A to D, is shown. The com
mercial season for this pesr, as indicated by market reports, extended 
to March in 1926 and to January in 1927, the peak of the sales in 
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both years falling in Decemh2r. However, this pear is seen much 
later on the fruit stands and retail markets. 

OOMICEl 

The California Cornice was held commercially until November 
and December at 310 F. Some lots held 12 days at 430 

, then at 310 

kept almost as long, giving this variety a storage life of 2 to 4 months. 
At 360 its life was lY:.l to 2 months, while in storage at 310 after 12 

FIGURE D.-DIagram showIng rate of softenIng In storage for Anjou pears from 
Wenatchee Valley, Wash., durIng the 1927 season. Fruit from four orchards, 
A to D 

days at 520 
, representing storage at terminal markets after nonpre

cooled shipment, the pears kept only 1 to Ph months. The com
mercial season for Comics pears is pL'Rctically ended in December, 
and only lots kept at low temperatures can be held this long. The 
most common storage disorder was core breakdown. This variety 
does not need to be given a ripening period at warmer temperatures 
after cold storage, but may be kept at 310 and 36° until eating ripe, 
if desired. 

1 
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FIGURE to.-Dlagram showIng rate of softenIng In transIt and storage of 
CornIce pears pIcked In mldseason, 1926, In the Santa Clara Valley,
Calif. 

The Washingbm Comice has been held satisfactorily in storage at 
320 F. at Wenatchee for two to three months. It IS the common 
experience in many northwestern fruit districts, however, that the 
Cornice pear requires special care in harvesting and handling. It 
ripens quickly, is at its best picking maturity when relatively soft, 
must be handled carefully to avoid injury, and, owing to its rapid 
ripening habits, must be placed at relatively low temperatures soon 
after harvest in order to a void overripe ness and core breakdown. 
The softening rate of this variety is shown in Figure 10. 
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nose 

In 1926 California Bose pears were held satisfactorily in storage 
until the middle of January, both continuously at 31°F. and at 3JO 
niter a 12-day period at 43°, the latter conditions representing ter
minal-market storage following shipment of precooled fruit. The 
fruit was held until the middle of November in storage at 3JO fol
lowing 12 days at 53° and about the same length of time in continuous 
storage at 36°. The storage season was generally shorter at all tem
peratures in 1927 than in 1926. The. principal storage defects ob
served were surface and core breakdown and wilting, especially at. 
the neck of the peal'. The experience with the CalifornIa Bose in 
storage was that it did not ripen at temperatures less than 53° but 
ripened satisfactorily at that temperature and at 30° and 70°. This 
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FIGURE' l1.-Dlngram showing rnte of Hoftenlng In tl'llnsit Ilnd storage
for Bose pellrs plck!!d in mldseuHoll, 102;, in the Santa Clarn Vall"y,
Cnllf. 

is ill accord with results of recent investigations on Oregon Bose 
(5). In general, the Oregon Bose pears had a similar storage life, 

holding up until the last of January at 32° continuously and at 32° 
:titer 11 12-day period at 430, and about a month less at 32° after a 
12-clay pel'iod at 53 0. 

The 'Vashington Bose pears from 'Venatchee have been general1y 
held in storage satisfactorily at 32° F. for a period of two to three 
months. Very late picking or very long storage seems to predispose 
the fruit to internul breakdown or surface discoloration. The'Vash
ington pears seem to behaye in storage similarly to those from other 
sections. 

In 1926 the storage life of N ew York Bose was about 90 days at 
32° F. and about 40 days at 40°, enabling it to be held until about 
the middle of December at 32° and to the last of October at 40°. The 
New York Bose behaved similarly to the California, Washington, 
and Oregon fruit in not ripening at low temperatures. The New 
York Bose pears would not ripen at either 32° or 40°, but l\t 50° 
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or 60° they developed good quality. Surface breakdown was the 
most Nmmon storage trouble in the New York Bose. The softening 
rate of California Bose pears is given in Figure 11. While most of 
the sales of this variety on the uuction occur in October, some Bose 
pears are sold as late as January. 

IIOWEl.\", 

Hudson River Valley Howell pears were held one to two months 
at 32° F., most lots being ready to moye at the end of one month, or 
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FIGURIII 12.-Dlngrum showing rille of softening In storngc 
tor Howell pours plcited In mldscnson, 11)27, In the Hud· 
Non Rlvc! Vullcy, N. Y. 

about October 15. At 40° the fruit wus held three to six weeks. The 
storuge defects noticed on this variety were core and surface break
down. Figure 12 shows the effect of temperature on the softening 
rate of Howell pears. 

KIEFFER 

The important New York variety, Kieffer, was held in storage one 
to two months in good condition at 32° F., bringing its season to the 
last of November j at 40° it held in storage about a month. The pears.:~. 
shriveled considerably and showed some surface breakdown. It it:-'.' 
probable that late pickings or fruit grown in more representative';, 
SE,lUSOIll? with respect to temperature und rainfall wotild exhibit bette.' 

. . 
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stOl\Rge quality. Its behavior at various temperatures is shown in 
Figure 13. 
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FIGURE) 13.-Dlagram showing rate of softening in storage
for Klefl'er pears picked In mldseason, 1926, In the 
Hudson RiveI' Valley, N. Y. 

FU:MISH BEAUTY 

Washington Flemish Beauty from the Wenatchee Valley has been 
held satisractorily in storage at 32° F. for four to five months. 
When picked in an immature con clition the fruit wilts readily in 
storage and ripens with an insipid, watery flesh) but if harvested 
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FIGURE) 14.-Dlagram showing rate of softening In storage for Flemish Beauty pears
from the Wenntchee Vnlley, Wnsh., during the 1028 season. }o'rult from three 
orchnrds, A to C 

when properly matured it has a delicious, juicy flesh. The softening 
rates for Washington Flemish Beauty are given in Figure 14. 

WI~TER NELIS 

During both seasons in which investigations were conducted, the 
Santa Clara Valley Winter Nelis pears were held continuously in 
storage until April or May at 31°F., and at 31° :followin~ 12 days 
storage at 43°. At 36° storage the pears held in commerCIal condi

. ··;tion until about the first of March. Those held at 31° following 12 
\d:lays of storage at 53° were in good condition until the last of March 

in 1926 and until late February in 1927. The result.s of the illvesti
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gations indicate that When Winter Nelis pears are kept at a con
tinuous temperature of 310 or shipped after preq,ooling and held at 
310 at. the terminal market, they can be held seven to eight months. 
The most common troubles in storage with the California fruit were 
core and flesh breakdown. Early pickings showed considerable wilt
ing, but in those made in the recommended picking range, this trouble 
was not serious. 

'Winter Nelis pears from Washington have been satisfact.orily held 
in storage at 32° F. for periods up to six months. The fruit matures 
on the trees at a time when atmospheric temperature conditions are 
favorable; therefore it does not usually require so much haste in 
harvesting as do mOist other varieties. 

Occasionally the pears are picked in a· too immature condition, 
when they wilt very readily in storage and will not ripen with the 
spicy, sweet flavor characteristic of the variety. The flesh of Winter 
NeJis pears picked in an immature condition is very likely to remain 
astringent when the fruit is ripened. 
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FIGURE 15.-Dlagram showing rate of softening In transit and storage for Winter 

Neils pears picked late In 1927 in tile Santa Clara Valley. Calif. 


Figure 15 shows the rate of softening of this variety at transit and 
stol'l1ge temperatures. 

Evidently some 'Winter Nelis pears are held to the limit of their 
commercial storage season, for records of the N ew York auction in 
192G show s!Lles as late as May, and in 1927 some were disposed of 
in June at the top price for the year. This variety requires no 
special attention as to ripening temperature, for it ripens under 
cold-storage conditions if kept long enough. 

EASTER. BEURRE 

Easter Beurre pears from California held about as long at the 
va~ious storage temperatures as 'Winter Nelis. In continuous storage 
at 31 0 F. they held until the last of May in 1926 and uu..til the last 
of April in 1927. In fruit held for 12 days at 43 0 and then stored at 
310 the storage life was about the same; while at 530 to 310 the pears 
held until February or March. In storage at 360 continuously the 
fruit in 1926 kept about as long as at 310 

, but in 1927 the storage 
life was a month less at the higher temperature. The effect of low 
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temperatures in slowing down the ripening processes is shown in 
Figure 16. Easter Beurre pears are sold chiefly in the late spring 
and can be found on the market as late as May and June. 

Easter Beurre pears from. Washington have It long storage life 
and have been held at 32° F. for periods up to 6 months, and a longer 
holding period is possible. This is a characteristically long~storage 
vuriety and does not seem to develop its best flavor until a period of 
some months hus been passed in cold storage. 

EFFECT OF TEMPERATURE ON RATE OF RIPENING 

The best tempel'llture for holding all the varieties of pears was 
30° to 32° F. While the freezing point of the late varieties of pears 
has not been determined, the maximum freezing point for Bartlett 
pears was found to be 28.7° (13), indicating tliat storage tempera
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FIGURFl 16.-Dlagram showing rut!' of ~oftenlng In transit and storage for Easter 
Beurre 'pears picked late in 1027 in the S,lllta Clam Valley. Calif. 

tures of 30° to 32° may be used without danger of freez:ng the fruit, 
provided uniform temperatures are maintained in the storage rooms. 
As shown by the softening curves for the various temperatures, the 
ripening rate was markedly affected by temperature. Storage at 
36° reduced the life of some of the shorter-lived varieties, such as 
Comice and Hardy, one-third to one-half as compared with their 
life at 310. The effect was not so marked on the slower ripening 
sorts, such as Winter N elis and Easter Beurre, but in all cases the 
storage life was less at 36° than at 310. 

Holding the fruit at fairly high temperatures for a short period 
immediately after picking has a marked effect upon its softening. 
Table 6 gives the average amount of softening in each variety as 
determined by pressure tests, during a 12-day period at 530 and 
43°F. These data. jndicate the amount of ripening taking place in 
the top layers of fruit in nonprecooled and in precooled shIpments, 
respectively, while in transit to eastern markets. 

The difference in the amount of softening is least marked in the 
Clairgeau and Bose varieties and most striking in the Comice, Hardy, 
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and Winter Nelis. From the amount of ripening that takes place 
during the short period at 53° F., it is not surprising to find the sub
sequent storage life at 310 only about one-fourth, as long in the Hardy 
and one-half as long in the Comice as the storage life of fruit held at 
31° continuously from the time of picking. In comparing the effects 
of transit at 43° ~nd. at 53° on the subsequent ~orage life at 31°, a 
study of Table 3 lllchcates that the lower translt temperature often 
added two months to the storage life of most varieties. Little differ
ence was note.d, hmvever, in the subsequent storage life of Clairgeau 
pears held at 43° and at 53° during the transit periods. When pears 
were held 70', 53°, and 43° from the time of picking to ripening~ 
they reached the ripe stage in about half the time at 53° as at 43° and 
in about two-thirds the time at 70° as at 53°. 

EFFECT OF TEMPERATURE ON DESSERT QUALITY 

The temperature at which three of the varieties were ripened was 
of importance. Hardy, Clairgeau, and Bose should be held as nearly 
as possible at 30° to 32° F. until ready for market but should then 
be removed to temperatures of 60° to 70° to ripen. If these tempera
tures do not prevail at the place of marketing, the fruit should be 
placed in a room held at this temperature until it is in firm, eating
ripe condition. Subsequently, it can be exposed to colder tempera
tures without impairing the quality. While the other varieties of fall 
and winter pears ineluded in the investigll,tion ripened at cold-storage 
temperatures, a mor,s attractive yellow color and a more aromatic 
flavor usually resuit from ripening at a temperature of about 70°. 
Much higher temperatures are not desirable and may result in poorly 
flavored, tough-textured pears, or in losses from decay before soften
ing, as pointed out by Villiers (113). 

SUMMARY 

Allowing pears to remain on the tree until sufficiently mature 
increases the sugar content and reduces the astringent properties, 
wilting, and, on susceptible varieties, scald in storage. 

Leaving the fruit on the trees too long causes deterioration in qual
ity and may cause serious troubles in storage and transit, such as core 
breakdown and too rapid softening. Fruit rots are generally more 
prevalent in pears that are harvested and packed when too mature. 

Because of the importance of the effect of the maturity of the pear 
when picked upon its subsequent dessert and storage quality, the 
expression of picking maturity in more positive terms has been at
tempted by using the firmness of the flesh of the pear as the index 
of maturity and measuring this by means of a pressure tester. 

The softening on the trees of the important varieties of fall and 
winter pears in the Santa Clara Valley, Calif., Wenatchee Valley, 
Wash., Grand Junction district of Colorado, and Hudson River Val
ley, N. Y., was determined during the latter part of several growing 
seasons. The best time to pick the fruit was ascertained by picking at 
intervals and holding it in storage until ripe. The picking recom
mendations for each of the varieties studied in California, Washing
ton, and Colorado, where typical seasons were encountered, have been 
summarized in Table 1 (p. 11). 
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Chemical and physical changes continue to take place within the 
pears after they are removed from the trees, the temperature at which 
the fruit is held markedly affecting the rate of these changes. 

For the longest storage life, pears should be held from the time of 
picking at a temperature of 30° to 31°F. Storage at 36° reduced 
the storage life. one-third to one-half in the shorter lived varieties, 
such as Hardy and Cornice, as compared with their storage life at 31° . 

The lowered transit temperatures of precooled shipments generally 
added one to two months to the subsequent storage life at 31°F. as 
compared with that of nonprecooled shipments. 

For the best dessert quality, the pears should be removed from 
cold-storage temperatures and ripened at 60° to 70° F. While some 
vnrieties will ripen with fairly good <Iuality at low temperatures, 
Hardy, Bose, and Clairgeau will not; tliey require special treatment 
in this respect. 

When handled properly Easter Beurre and 'Vinter NeIis pears can 
be held in storage at 32° F. for 7 or 8 months. Bosc pears at this 
temperature can be held 2 to 3 months, and Clairgeau can be held 4 
to 6 months. Comice and Hardy can usually be held 2 to 4 months 
at 32° F. The storage life of Anjou pears at this temperature is 
usually f:.:-om 4 to 5 months, although properly handled lots can be 
held up to 6 or 7 months. 
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