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~ INTRODUCTION 

,,.... The increased acreage planted to all varieties of pea,!'s in the 
f!tacific Coast States during the past dee-nde, which is ooing reflected 
J4n the increased tonnage, makes it evident that there must be an 

Increased' outlet if the growers of these pears are to continue in the 
business.) IfAlthouO'h the total yield has varied greatly from year 
to year, t~re has ~een a marked tendency towarcl increased produc­.. 
tion. whi.. will be further augmenteel as the younger trees reach 
fuIl-~!!r g age. For the 5-year period 1921-25 the average annual 
production of pears in California, Oregon, and 'iVashington was 
216,897 tons,!! with a maximum crop of 272,20S tons in 1925. For 
the 6 years 1926-31 the average annual production was 353,440 tons, 
the largest crop being 445,928 tons ill 1930(15) ,8 

One of the leading pear varieties grown in the Northwest is the 
Bartlett, but owing to its short storage period it cannot be successfully 

1 The writers wlsb to express their apprecIation to J. S. Caldwell, senior .physlologist, DivIsIon of FruIts 
and Vegetable Crops and Diseuses. for helpful suggestions and criticisms; also to Libby. McNeill & Libby
(In whose plant at Yakima, Wash., the experimeritaI canning was done) Cor helpful cooperation. and espe­
cIally to tbepersonneI QC tho Yakima plant Cor assistance In the preparation and proce.'!Sing oC tbe pear.
Mention should also be macle of the helpful Interest and IlS!IIstance given by the secretary andlllombers oC 
'the Northwest Oanners .Association. 


2 On the hnsls of 1 bushel=48 pounds.

"Italic numberH in pllrelltheHCH refer to Literature Cited,p. 23. 


09795°-34-1 1 



.2 TECHNICAL BULLETIN 450, U. s. DEPT~ OF AGRICULTURE 

stored and markeood throughout the winoor season. However, the 
Bartlett is the variety most desired by the canning trade, and !i 
large percentage of the crop of this variety grown in the Pacific 
Northwest is taken by the canners. 

In the Yakima and Wenatchee V 9,lley districts of Washington 
during the years 1928 to 1931, inclushe, the Bartlett represented 67 
percent of all pears shipped,'" exclusive of those deliv~red direct to 
the canneries by the growers. The latter item would probably 
bring the percentage of Bartletts to 75 percent of the total pear 
crop. Data furnished by the Northwest Canners Association show 
that with an average crop of 55,500 tons ·of Bartletts produced in 
these districts during th~se 4 years, 39:850 tons, or 71.8 percent, 
were ta,ken by the cannenes. Comparable figures for Oregon show 
that with an average Bartlett crop of 23,000 tons, 12,625 tons (54.9 
percent) were talren by the canneries. These figures will vary from 
year to yea.r, dependinO' upon the relative prices offered by the 
canner and by the fresh~fruit buyer. As production increases, it 
seems likely that an even larger percentage of the crop will find 
its way to the canneries. 

PURPOSE AND PLAN OF WORK 

The estimated annual per capita consumption of canned pea.rs is 
0.55 pound compared with 3 pounds for peaches and 1.02 pounds 
for apples (16).. If the use of canned pears is to be stimulated, 
factors .affecting the quality of the canned product should be known, 
and the practices that give the best quality in the finished product 
should be followed. Experimental work as well as commercial 
experience has demonstrated clearly that the maturity of B.artlett 
pears at picking time has a decided influence upon the dessert 
quality of the fruit when it is ripened for immediate consumption, 
as well as upon the length of time the fruit can be held satisfactorily 
in storage. 

The search for definite indices for harvesting pears at the proper 
stage of maturity has resulted in the selection of such factors as 
firmness of flesh, color of skin, and corking -of the lenticels as the 
most satisfactory. Firmness is measured by the resistance,expressed 
in poundsJ offered to the J:>iercing of the flesh with a steel plunger 
of a standard size to a definite depth (7, 9). This index has been 
eommo~ly called the pressure test. Experiments conducted. by Mag­
ness, DIehl, and Allen (6), Hartman (2), and Hartman, ReImer, and 
Norris (3) have shown that there is a close correlation between the 
firmness of the flesh of Bartlett pears as measured by the pressure 
tester, the quality of the ripened product, and the length of time the 
fruit may be held in storage. The work of these, investigators was 
done primarily with the idea of obtaining the best product from a 
fresh-fruit standpoint. The recommendations as to time of picking 
and methods of handling were made so as to secure the best product 
possible for the fresh-fruit market. However, the application of the 
same indices to Bartlett pears intended for the cannery has i'esulted 
in the question as to whether the same maturity and harvesting rec­
ommendations would serve for pears intended for the cannery. Mag­

• Informatlon obtained from the Stnte lIorticultural Office at Yaklma,Wash., and trom 
the Wenntcllee Valley Traffic Association, 'Wenatchee, Wash. 



, -=, 

B.4RTLETT PEARS IN THE PACIFIC NORTHWEST 3 

ness (5)caUed attention to the possibility or lea.ving the pears 
intended -1'1)1' the cannery on the trees until a more mature stage is 
reached than is desirable for fresh-fruit shipment, and emphasized 
the fact that ia much of the canned fruit of poor dessert quality this 
quality is doubtless due to the inferiority of the fruit itself at the 
time of canning. 

This question is of special interest to the grower because of the 
increased tonnage that may be secured by leaving the fruit on the 
tree until the lower pressure tests are reached. Since a drop of 1 
pound in pressure requires that the fruit be left on the trees approxi­
mately 5 to 7 days longer, and during this time, owing to the increase 
ill size (the tonnage increase is approximately 10 percent) ,it is ad­
vantageous for the grower to allow the fruit to remain on the tree and 
thus secure the additional weight. However, fruit that is al1ow~d to 
remain on the tree too long tends to break down at the core before it 
reaches the stage of softness desirable for canning. Tht> maximum 
length of tima for which the rruit can be held in storage is usually 
of less importance for c!l.nnery pears, and so earliness of picking is 
not a major factor in that respect. The early-picked fruit generally 
receives no price premium from the canner as is usually the case with 
fruit shipped to the fresh-fruit market. 

The matter of correct harvesting time is of interest not only to the 
grower but to the canner as well. The latter is concerned not only 
with the stage of maturity at which the fruit is picked but also with 
the effect of certain harvesting andllandling prnctices, if such prnc­
tices affect the final canned product. 

Questions of particular interest to the canner at present are as 
follows: At what stage of matm'ity should Bartlett pears 1:>e picked 
in order to get the best product? Does cold storage of the f1:';']sh fruit 
alter the quality of the final product? If not, how long can the fresh 
fruit be stored to increase the operating period or seasonal capacity 
or the cannery? What effect does delaying at relatively high temper­
atures before storage have on the fruit when maximum length of 
storaO"e is not imvortant? 'What effect do the temperature and 
humi'aity of the rlpening-room have on the quality of the canned 
product? 
It was with these questions in mind that the experiments herein re­

ported were undertaken. They deal entirely with problems of matur­
Ity andhe.ndling of the fruit prior to its entry into the preparation and 
processing rooms of the cannery. Fur this reason standard cannery 
practice was followed throughout :;,11 the preparation and processing, 
and conditions were lrept as nearly uniform as possible. Therefore, 
any differenee. noted in the various lots may be aseribed to the treat­
ment received before entry into the preparation room. 

In 1927 nt the annual meeting of the Northwest Canners A.ssocia­
tion,C. B. McCall 5 reported the results of some preliminary experi­
ments carried 011 cooperatively with the junior writer of this bulletin, 
on the effect of the maturity and storage on the quality of cannecl 
pears. In this report McCall called attention to the lleed of addi­
tional work along this .alld I'elated lincs with the idea of securing 
a better quaHty of canned pears through an improvement in the raw 

".)[CCALL. C. B. THE PIIOPl'l1l DEGREE OJ<' MATUUIT, FOil CANNING PFlAI\S. Nortbwest 
Cunners Assoc. Clre. aU4, Feb. .1Q, lU2i. [MImeographed.] 
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product. No fUrther -experiments were conducted at that time" but 
during the season of 19.'29 the present writers resumed the work. A 
mimeographed preliminary report of the invest.igations was issued 
in 1931.6 

The effect.s of the various ma.turity, handling, and storage prac­
tlCes included in this study were checked in two ways, (1) as shown 
by the chemical and physical properties of the fl'lut, and (2) as 
shown in the final ca,nned product. Enough material (a 50-pound 
lug) was included in each treatment to allow !L sample to be taken 
for chemical analysis at the time of harvesting and again at the end 
of the treatment (i. e., at the time the fruit was ready :£or processing) 
and to permit canning of adequate samples for the subsequent ex­
amination of the canned product. The work herein reported was 
continued through the years 1929, 1930, and 1931. 

MATERIAL AND METHODS 

SOURCE OF MATERIAL 

In order that conditions throughout the investigation might be 
uniform except for the experimental variations, arrangement.:; were 
made with the growers before the work was begun, whereby the 
harvesting of the pears WL',S uncleI' the control of a, representative of 
the United States Derartment of Agriculture. For this purpose two 
orchards in the Yaluma Yalley of Washington were selected. One 
of these was located on a heavy loam soil, and pears taken froll1 it 
were used throughout the 3 years. Another orchard planted on a 
gravelly loam was selected for the 192V work, but was changed in 
1930 and 1931 for one on ~ light sandy, loam. ~:a .1931 a. third or­
chard was selededon a, mechum loam SOlI, and fl'lnt from tius orchard 
was used exclusively for the short-term (1 to 10 days) storage test, 
with a maximum storage of 30 clays. RepresentatIve trees appar­
ently in good vigor and normal as to water supply and similar sig­
nificant factors were selectell. The trees, of full bearing a,ge, bore a 
good crop of fruit each yea.r, and although the annual tonnage varied, 
the amount per tree was as good as or better than the average yield 
of the other trees in the same orchard for that year. Fruit from the 
two orchards was used throughout the experiments except in the case 
of the very short storage (1 to 10 days) lots of 1931. This procedure 
permitted a comparison of the effect of the two soil types as well tHl a 
check 011 the effect of the different precanning treatments. 

SELECTION OF MATERIAL 

In the preparation of the different lots II composite. Rample from 
t.he different trees was selected. In the earlier pickings tIl(> fruit 
was picked for size, the minimum diameter being 23;8 inches (no. 1 
cannery grade). Thus the earlier pickings served as a me::l.!l!j of 
thinning the fruit, a common practice in the Yakima and 1Venatchee 
districts. 1V-ith trees used for the experimentR t.his thinning was 
usually neceRsary to prevent breaking of the bl'lmches. Lat.er in the 
season all of the fruit was picked from the seledlld branches, but 

1'1 JI)ZI-!I.ll.J, l{, D., and D1J~Hl., 11. C. 'J'Hl<} lU':LATION' UF MA'l:URITY A~l) llANllLlNO '1'0 
QUALITY IN (',INNED BAll'l'LET".c PEAItS, Feb, 1031. [lIUmcogrnpbed.] 
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pears taken from branches on several trees were included each time 
to give 11 composite sample. 

In determining the maturity, 10 rp.presentative pears were taken 
and pressure tests were made on the pared flesh after harvest by 
means of the United States Department of Agriculture pressure 
tester, using the -fin--inch plungel:. 

Samples for chemicul analysis were also taken from 10 represen­
tative fruits. With the aid of a cork borer, a portion of each fruit 
e1..'tending through the short axis and including portions of the 
bluEhed and unblushed Eides was taken. The skin and core were 
removed and 100 g of thp tissne sliced directly into the beaker 
containing 100 cc of 95-percent dcohol fm.· preservation. This 
mat.erial was then added to enough boHing alcohol to make a final 
alcohol concentration of 80 percent, anel boned for 3 minutes. The 
preserved mute1'lul was stored ill tightly stoppered glass bottles untH 
the final unalyticul work was done during the following winter. 

METHOD OF HANDLING 

Throughout the work the treatment of the fruit was uniform 
except for the particular handling or storage val'iationto be studied. 
Colel storage at 80 0 to ~32° F. llsually began within 2 or 3 hours aftet' 
harn'st. anel there wrlS never a. delay of more than half 11 day at 
atmospheric temperlltures, except for those lots which were rip'med 
immediately 01' delayed a specified time before stodng. Wllen 
ripened immediately the fruit was placed directly in the ripening 
room at 70 0 'When storage of the pears was delayed, the period• 

of clplay was calcnlnh.>('/ from the time at which the fruit for immedi­
ate storage arl'iw(l at the warehousp. The dplayed-storage lots 'were 
held lit the warehouse at a tpmperature of approximately 70 0 until 
plaeed in colel storuge. The iminediu te-storage lots were held at 30 0 

to 32 0 until remoyed to the ripening 1'00111. The ripening-room 
temperature was about 70 0 wHh a· relative humidity of 78 to 85 per­
cent except liS noteel below whpre the effect of variation in these 
factors WIlS studied. 

Standard cannery procedure was followpcl in the preparation and 
-processing of the fruit. The experimental lots were placed directly 
In the CllnDPl'Y linp along with fruit being processed commercially at 
the same time. For analysis of the fruit at harvest the saml)les were 
taken within a few honrs after the fruit was picked, Samp es of the 
ripened fruit wpre taken when the fruit was ready for canning, and n, 
uniform stage of ripeness was usecl liS a criterion rather than a uni_ 
form period in the ripening rOOJ11~ because of the difference in time 
required for the various lots to reach a comparable stage of ripeness. 
·Six days in the ripening room was usually suffieient for cold-storage 
fruit, Hnd the time varied compuratively little with the different lots. 
Fruit delayed at a temperature around 70 0 F. before storage required 
somewhat less time, and fruit ripened without storage required 
several days longer. Throughout the work, either in canning 01' in 
taking samples for ehemiclll ullalysis, the maturi~y of the fruit 
ratllel' than the J)umbel' of clays the fruit had been :en the ripening 
room was taken as a guide. 
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METHOD OF CHEMICAL ANALYSIS 

The samples were prepared for nnalysis by decanting the alcohol 
from the preserved material through a weighed filter paper placed 
inside the extraction thimble. The thimble containing the sample 
was washed 2 or 3 times with SO-percent alcohol and then transferred 
to a Soxhlet D,pparatus and extracted with SO-percent alcohol for S 
hours. In the latter part of the work it was found that by macer­
.ating the tissue the extraction period could be reduced to 4 hours. 
The extract was combined with t.he preserving fluid made up to 
definite volume, and aliquot portions were taken for the various 
determinations. 

ThG determinations made upon the material included total solids, 
alcohol-soluble and alcohol-insoluble materials, free I'educing and 
total sugars, and total acidity. The alcohol-soluble material was 
determined by evaporating an aliquot portion of the alcohol extract 
at 78° C., followed by drying to cOIlbtant weight in a vacuum oven at 
75°. The alcohol-insoluble portion was determined by placing the 
filter paper and contents in a weighing bottle and drying to constant 
weight in a vacuum oven. The sum of the two gave' the total solids. 
Free reducing and totul sugars were determined from an aliquot 
portion of the alcoholic extract. The alcohol was driven off over a 
steam bath, water being 'added to the aliquot part to prevent caramel­
ization of ~ihe sugars. The solutic.n was then cleared with neutral 
lead acetHte made up to volume and filtered. 'l'he oxcess lead was 
vrecipitated with sodium oxalate, and the solution was again filtered. 
This cleared solution was used for the determination of soluble 
sugars. 

The reducing action of the sugar was determined in the 1929 and 
1930 samples by heating the copper sulphate alkaline tartrate solution 
at 80° C. for 30 minutes, as recommended by Quisumbing and 
Thomas (11), and titrating the cuprous oxide with potassium per­
manganate as specified in the modified Bertrand method as given by 
Mathews (8). With the 1931 samples the Shaffer-Hartmann (12) 
idiometric method of titration was substituted for the permanganate 
method to determine the cuprous oxide. Preference was given to the 
Shaffer-Hartmann vrocedure because of its rapidity and convenience 
in the local laboratory. Total sugars were determmed by hydrolyz­
ing 50 cc of the cleared solution with 5 cc of concentrated hydro­
chloric acid for 24 hours. This was neutralized with sodium 
carbonate, made up to volume, filtered, and an aliquot part taken for 
reduction. 

The acid content of the sample was determined by passing a 
portion of the fresh tissue, selected as noted above, through a Clark 
sampling press and determining the acid by the official method 
pre,c;;cribed by the As.sociation of Official Agricultural Chemists (1). 
The results are expressed as percentage of fresh weight. 

Theanalvtical data are given in connection with the different 
treatments, together with the discussion OT the relation of the latter 
to the canned product. 

METHOD OF CANNING 

When the fruit reached prime canning condition it was taken to 
the cannery and prepared according to the standard procedure of 

, .i/ 
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the cannery. From this point the treatment was uniform for all 
samples. The preparation and canning were usually done by the 
same persons each time, and the regular routine of the plant was 
followed, care being taken to prevent delaying the experimental 
lots longer than absolutely necessary. During the tim!' of prepara­
tion the fruit was held in a 3-,Percent salt solution. It was then 
washed, sized, and placed :n plam nO. 2% cans; 300 Brix ~irup was 
added by hand, and the cans were placed in the regular line for cook­
ing. They were given an exhaust of 7% minutes at 1900 to 1950 F., 
closed with a Oanco closing machine, processed for 15 minutes in a 
rotary cooker at 211 0 (boiling water), and thoroughly cooled. in 
running water. 

Samples of the canned product were cut and examined at various 
intervals after canning over a period of a few days to as long as 2 
years, In the examination of t.he material the writers were assisted 
by representatives of different bureaus in the United States Depart­
ment of Agriculture, representatives of the National Oanners Asso­
ciation, members of the Northwest Oannel'S Association and of the 
California Oanners Leaglte, members of the research staff of the 
lea.ding can companies, prlJ.ctical eannery men, !lnd others qualified 
to judge processed fruit or horticultural product!': generally. 

POINTS CONSIDERED IN COMPARING THE CANNED PRODUCT 

In judging the canned material, cDlor) texture, clearness of th~ 
sirup, and flavor were the main factors considered, but no numerical 
values were assigned to these factors. In cOiJ'llnercial practice flavor 
often receives less weight than the other factors, provided no " off " 
flavor is present. It has been found that the differences in flavor 
due to treatment are somewhat masked by the sirup. It was also 
true that when differences in flavor were evident, personal preference 
largely determined the selection of the treatment that seemed to give 
the best flavor. The comparative lack of emphasis on flavor at 
present, particularly from the wholesale buying standpoint, was 
shown by the fact that buyers and canners often made their decisions 
before tastin~ and seldom changed them afterward!? Oonsideration 
was necessarIly comparative, each treatment being checked against 
others in the series. Size and workmanshiu were not considered in 
judging this material, as is usually dime in judging the canned prod­
uct, since these were not affected by the factors studied in this 
bulletin. However, pears of as nearly uniform size as possible were 
selected each time for comparison, and the workmanship was similar 
throughout. 

The drained weight and sirup cut-out were determined in several 
cases, but it was found that a slight difference in the size of the 
pieces or the amount of sirup in the can more than offset any 
differences due to the treatment. 

OOLORo 

In judging pears, a clear cream-yellow tending toward translucency 
is desired in the best material. Fruit with a darker color grading 
toward pale orange-yellow is not considered so desirable. While it is 
difficult to match the ideal color of canned pears with a standard color 
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chart, nneffort was made to do this. Fruit judged as having the best 
color corres~onded closely to cream color or massicot yellow, plate 16 
in Ridgway s color standards,T while departures from the ideal often 
were in the direction of pale orange-yellow, Ridgway's plate 3. 

The texture of canned pears should be tender, the flesh being al­
Inost soft enough to fall apart when held at one end and shaken 
gently, but still firm enough to be cohesive. The pieces should 
retain their form and not break apart or disintegrate of their own 
weight. 

CLElARNEBS OF Bmw 

The sirup should be clear and bright with little sediment. In these 
studies the principal difference noted in an examination of the sirup 
was the amount of sediment present, indicating .. ")Ughly the amount 
of disintegration which had taken place. 

Fr..AVOIli 

The flavor apparently most desired in canned Bartlett pears is a 
moderately sweet, sprightly, slightly aromatic, characteristic Bart­
lett-pear flavor. It is recognized, of course, that individual tastes 
vary widely. The conclusions given are based upon the preference 
of a majority of those tasting the fruit. 

EFFECT OF MATURITY 

In order to study the eff·eet of maturity on the quality of the canned 
product, pears were picked at different stages of maturity during the 
seasons of 1929 and 1930. In 1930 the iirst fruit was harvested on 
July 28, when it tested a little above 20 pounds according to the pres­
sure test. Pi.ckings were made at weekly intervals ther'eafter until 
September 11, when the fruit tested from 12 to 13 pounds, with It 
minimum of 7 to 10 pounds. This gave a range of maturity from the 
time the first Bartlett pears were being picked for fresh shipment. 
until practically all the fruit intended for the cannery had been har­
vested. The dates of picking and the pressure tests in pounds are 
f,riven in table 1. 

TABLI!l l.-Da,tc of picking and, pre.qsw·c te.~t of Bm·flett pea,fS used, in the 
}[130 tests 

Pressuro test Pressure test 

Date of picking Pears Date of pickingPears Penrs Pears
from frolllllght from from lightheavy

soil 
 soli h:~? soli 

IPound. Pound8 POltnd& Pound8July 28_______________________1 20. a Aug. 27._____________________ _
~'().2 15.0 15.0Aug. 4_____ .._________________ 1R.O Scpt. 2__________ . _____________
18.7 14.3 14.0Aug. 12.______________________ 17. 0 Sept. 11______________________ _
17.0 Do , ______________________ 12.0 13.0Aug. 19___ ...__________________ 10.0 ]0.5 7.3 ]0.6 

, Ripest fruit. 

1 RIDGWAY, R. COLon STANl>A1CDS A1>D COLon No~mNCLATunE. 43 pp., iUus. Wash­
ington, D.C.• 1912. 
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F' ... 

One cannery lug of the ripest fruit, s('Jecte(l from that picked 
September 11 from each orchard, \vas placed in cold storage for 
9 days and then removed to the ripening room. This fruit showed :t 
very' low pressure test at hurvest (7.a and 10.0 pounds), developed 
practically 100 percent internal breakdown before reaching the 
canning stage, and consequently was discarded. The other lots 
were held for 80 days at !10 0 to :~2° F., ripened, and cl1n11('(l whell 
in the propel' condition, 

The efl'ect o"f peal' matlll'ity as \1elllollstrnt{'(1 ill <1ifl'l'l'('nt ways will 
be c1iscllssed separately flil' ('neh fndol'. 

ON YIBLIl IN TIm ORCHARD 

It has been showl1 by s('n'l'nl ilJY('stigatol's U, rJ) that there is an 
increase ill size and thel'pfol'pin yi('111 of Blll'tl('tt PNtl'S allowed to 
J'emain Oil the tre'(' Ui't(' I' t]w optilllUlIl piekillg' mattll'ity, Jhu'neek 
(rJ) has shown that th('l'(, is a dose corl'l']atioll b('tween incl'ease in 
the transverse (liallleh'l' and hH'rense hl \y('ight. It was i'oUlltl that 
by taking' the tl'ansYel'se dialllpt('1' and eaku1ating' the YOlUI11l' '01' 
the 1'ruit by th(' forlllula r = l/(j."J):J, us if it \\'('I'e a Rphel'e, the 
volume was 1(';;s than thnt in\licntt'd In- wah'l' (ligplncenwllt. l1mv­
eYer, if the eltl(,lIlated Y01111lW waH lI11ilt ip1ipd by the factor 1.1 the 
result WflR wl'y close to the adual y(ill111\('. This llH'thod IllIHle pos­
sibIl, m(':1S\lI'('llll'llt oi' the same' 1'rl1it. UIl'oll!.!;hont th(' season. The 
pereentage i11('1'('as(' jn siz(' WitS (It,t('l'llliIled in thi!, mlUlIWI', 1111(1 the 
incl'Pllse in wpigll!,,":!S a~SIlIlH'{1 to be tlil'('('t1y PI'opol'tional, a1­
thongh Ow}'(' j::; t'yi(h'Il('(' that {11(' SP{l('i{1C gJ':tyit~' of lWa!'s inereas('s 
ns they be{'ollH' III 0 1'(' IlllltlU'l'. This would indi('atp an ('\,('11 g'I'eatcr 
weight inert'lllpnt ill weight than ill \,(11111)(,. HCl'(,ltftt'r, tonnage may 
be used ill Olt' discussion of yield diil't'I'('nc{'g inst('ad of vo!ttll\e or 1"1Z('. 

SttHH(,R IIltl(le in 1 h is ('ol1'J)('etion tlul'i Ilg' 1P:W i11 the' lakillla Ynlley 
and in 10:1~ in til(' 'YPllatdH'(' Yalley show Olat thi;; jl1(,l'('ase in size 
very nltlt('l'ia ll.v :tireds the tOllnage 'that ('an 1w h:u"\'('stt'd. Records 
were kept on tll(' J':th' of gl'owth of P(,IlI'S (1) on tl'('('S where only 
one picking was IlIIHlp, alld that nt tIll' PIH1 of th(' season; (2) Oil trees 
where all fruit llH'tlslll'ing 2!;x inc-hes in diamC't.cl' and 1al'gt'1' waS 
I'cmOYt,(l when tllt' fl'uit was h'~til1g :11'(111)(1 1 R pounds: HIHl (8) on 
trees ",11('1'e '\'('('kly pic-kings oi' tlw Inq!t'I' fl'ltit "'('1'(' math,. Figure 
1 shows the mtl' of growth of i'I'I1it H'l11aining on tl1(' Ire!'s fol' the <11f­
Ier('nt tI'('atll1('l1ts dUl'ing t11(' 10ao an<l ]()a~ Splt!"!)!lS. Hp('o]'(ls Wl'l'e 

kept in lOan on I' n ])(·riod of :37 days nlHI ill Ul;12 fm' 18 (Ia rs. It will 
be obs(,J'Ye<l that tIll' rate oi' g]'(ni,th fo)' all !I'patl1H'lllS \\'as h'ss in 
llJ32 than in 1n:30. This diJl'el'l'Jl('(' ,,'a,.; ]ll'olJalJly <lilt' to thp tn'pi'; 
ha\-jng a slightly hpltv1t'I' loal} of pl'ftl'''; ill lD:l:.! lll1il to II nllH'h lnrger 
amount of fruit (h'opping' in l!):lO, \Yhi('lt \\"()ul(l ~t'I'Y(, n;; H(Witionnl 
thinning of the I)('H 1';; 1'01' all plots. 

DiffcJ'(,uc'('S ill rlimatic amI ()l't'l!UI'!l ('oll(lit!IJIlS in ilIP two years 
uoubtless also infillenee<l tlw ratt' of gJ'owtb. It is n g(,lll'l'al pl':leti('e 
to make two or mol'(' pi('kings o:!' ('al11Wl'Y jl('IU'S. tIl(' Iil'Ft l'arlvin the 
season se],ving to thin the CI'O}) and ]('~se'n tl)(> llang('I' of It hpli'yy load 
bl'Puking the tn'es. Dnl'ing thc' 10:30 S(':t;.OIl l'('('ords wen' made ut 
weekly j ntl'l'vnls from Angnst 5, WlJ(,ll the fruit was testing 18Ji 
pounds, to September 1J, Wh(,11 the preSSUl'e had dl'opped to 13 

GH7nn°-., ::4-2 
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pounds. By correlutin~ the increase in size with the number of 
tagged fruits dropping III any period, it was possible to determine at 
what stage of maturity the greatest tonnage could have been har­
vestell. Figure 2 shows the relation between the amonnt of fruit 
dropped and the increase in weight of tagged fruit on an unthinned 
tree throughout the harvest season of 1930. 

The average increase in S17.e of fruit 1)(')' day (luring the Reason 
on the unthinned trees was 1.D5 percent. The date of maximuI11 load 

PICKtD AT WtEKLY INTERVALS 
INCREASE PER DAY Z.10 % 
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90 Y '"~,,~ "" '."To_ 
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IJJ 
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50 
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A'IER.AGE INCREASE PER DAY 2~26~o~ 40 

AVERAGE INCREASE PER DAY 1.9flClfo 

AVERAGE INCREASE PtR DAY I.TZ "1030 

1932 SEASON".0 

O~__~____-L____~__~IL-__-L____-L____~J-____________~ 

5 I() 15 20 25 30 4 9 1\ 
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FIOURE I.-Relationship hl'lw~ell nl1l11b\'r of pi(,)dll/(S lint! I'llte of !;I'owth or Ill'III'H. 

was Augw:;t 19, when the fruit testpl1 16.5 ponnds i at this time 10 
percent of the fruit had <1I'O])Pt'<1. On August 28,41 pt'J'ct'nt of the 
fruit had fallen, but tlw tonnagt' hnd dt'crenst'd only 19 percent and 
was still equal to tilt' tonnage of Augnst 5. 

'When the no. 1 cannery fnlit (2% incht,s in diameter) was removed 
early in the SN1Hon tlw lX'HI'H showt'(1 an HYt'l'age increase in size of 
2.I)3· percent pel' day. 'I'll!' (htt' of maximlllll lonrl from this tl'er, as 
judged from the tagged fruit, was August 12, when the fruit fusted 
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17 pounds; at this time 14.5 percent of the fruit had fallen. On 
August 19, 36 percent had fallen and the tonnage had decreased 16 
percent. Howeverl the tonnage then remained about the same until 
August 28, at wluch time 50 percent of the fruit had dropped. 
'Vhere the largest fruits were removed at weekly intervals the aver­
age increase in size per day was 2:7 percent. The date after which 
the percentuge of dropped fruit was greater than that made up by 
the increase in size was August 28, at which time the fruit tested 15 
pounds. At this date 16 p~rcent of the fruit had fallen. Five daYB 
later 36 percent had fallen lWeI the tonnage had decreasp(l Hj percent. 

After observing the amount of fruit dropped from other trees in 
the same block it seemed safe to assume that the rnte of dropping was 
due to natural causes rather thun to the experimental treatment. 
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FIOURm 2,-EfT\'ct or mlltllrlty liS IIlcnsllJ'('d br Jlr..s~urp tt:'l!ls on hll'rellHl' In ~17... nnd 
rlltc of drullJlIIl~ of IlI'nrM on til .. nllluunt or' (1'lIlt on nli! Il'pe, (W('lghl. of fruit cnl­
Ciliated frollJ !lhlllJctl'I' IIWn811l'('lIJl'nts of tllggp!l fl'lllt, n~ cxplnltll'tl In OJ(' lexL) 

These l'l'snltf; arc from trl'er-; grown on II light soil. A mneh smaller 
percentage of fruit dropped early in the season from trees growing 
on the heavy soil. In measuring tlw fruit It certain amount of 
movement war-; necessary, which probably canse(l some of the fruit to 
drop earlier than it would normally. This would tend to exaggerate 
slightly tlle pel'centag(! of drop given above, 

W'ork ('lu'I'it'c1 on in 1D32, with trees on heavy Hoil, in which recordf> 
were kept of the totnl lll'Op from the trees !Hi ,,'ell as the increast' in 
size of tagged fruit.s, showed similar rer-;ults. He cords werl' kept 
from August D, when the fruit tested 17.5 pounds, to August, 27, 
when the pressure test WitS slightly under 14 pounds, Data were 
secured from trees where 1, 2, and 3 pickings were made. ",Vhere 
2 pickings were made all iruit ~% inches in diameter or larger was 
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removed on August 9, 16 percent of the total fruit IUlrvested being 
removed at that time. 'Where 3 pickings were made, ull fruit 2% 
inches or larger was removed OJl AugusC!.J (16.5 percent of the total 
hurvested) and again on August 19 (38.5 percent of the total har~ 
vested). Table 2 gives the results of these tests. 

'.rAIlLFl 2.-EITcct Of 1, 2, (('11<7 .'J lIickill(/8 on {I'IIi1 I'C/JWillill(f on irl'e' 

I 
Fruit harvest.erl I Fruit Avernge 

._I_••_. __••~_. ..... ._ A "crngo \ 'ro!.l\l dwppo(l w(ll~ht 
growth growth (percent- IJOr fruit 

NUmber Dllte Penrs Woi"ht r>:r day ago of hurvosted
" totl\l) 

."~--- --... ---~--- ----.- -_.._-- -.---.-...­
Nt/wiler P01L71d.. Percrnl Percent IPound 

L ....................... , ...... Aug. 27 2,27:! Ill:! . 1.72 ! 34,0 2.0 0.402 


2................_._ ............. r~~ff: 2~ 1.~JY ~~~ l: .::J::::·:~:;·::::::::I:::::::::: 
'l'otnL......... _......... "'''''1_ l.llOO- om; 1=-~,IlR i 3[J.~i=- 7.0 =.. 300 

-~I-'---l-JAUI', 0 .jIS. J.l2 .• __ .' __ .......1.. ................. 

3.......... · ...........-.....--••!lAU~, III \ Udal :m 1-...... (...-.....1. •.• -- .......- •••••• 


I Aug. 27 1.113 3811 i· ................., .............. 
'rottll ! [---;;-;-1111- 0 1---s-I----:i4I8,u i--~!lI~(l

....... ,,-- .. -~~ ....... -,.. .. -- ..... -~.~ .• -~. >i _~iJ 1 \) ...... \ • \ • I .' 
__~_ '" ~.. : I : ! : I .-._¥-.-

The percentage of cuIh:; (lil(' to lack of :-;iz(' was not infhll'ncecl 
markedly by l'emoYing the lnrger fruits, and nmounted to only 2 
pounds on the ullthinllccl tree out of a total of 913 pouIJlls harvested. 
The c1iifeJ'encl' in. Hlllount lh'opping frol11 tIll' diil'el'ent treatments is 
perhaps largely dHe to nul'ural cu uses und witbont pnrticnlnr Big. 
nincance. It is wOI'thy of note that the r-;/l1ullel' fl.'uit (It'opped 1Il0re 
readily than the larger on thn sall1e tree', Of :318 pears (It'opped 
from trees in 11)3~, un were 2% inchps Ol' n\JOVl' in (I ian'lt'tl'l', 134 
were from 211-~ to :2:~{; inches, and .J.i were below :tY,'" inches. Of fruit 
harvested f1'o111 the sum' tl'eeR, 6,184 W(,I'(, 2% illclws or larger, 480 
were 2% to 2% inches, nnd only 31. WC1'(, below ~% in('hes. Expressed 
as peJ'C'entagl' of no, l'H, no, 2'B, and culls, bas('(l on :-;ize alolJe, ill the 
fruit that tll'oppe(l fl'om the tl'('c, the amount is 43, 4-2, aull1i' pel'cent. 
respectively, In the hHl'Yestr'll fruit the perccntagcH are f.l2, 7, and 
0,5 percent for the cOl'l'eHpollcling grades. Figul'e 3 showH graphi­
cally til(' l'l'latiollHh ip lJ('h\'(~en the siz(' of the tagged fruit 011 all 
\Inthinned tl'ee at the beginning of the H)HO hal'''{'Ht H(,:180\l and tIll' 
length of time the f!'llit J.emailJ(.dontheh.pe. The avemge of all 
fruits lllcaSlll't'(l on August i) was 1:30,9 cc, showing a direct ('orl'clu~ 
tion betwl'en 1'01ati\'c !-'i;t,(, at tIl{' lwginning of the f:lt'IlS0n aUll the 
lenuth of tillle the fl'ltit l\(II1('J'l'<1 to the tr('e,

On trees of which r('COrdH wt'n' k('pt of the total nllmhrl' or pea!':; 
on the tree, tlw alllount of fruit hUI'\'e;.;ted, and the rate of gl'owth 
of tagwtl i'rllib:;, it war-; )loH;-;iblp, by HHSlllllillg the specific gravity 
of l){'urs to be 1.D (,,'lti('!J iB vel'y dose to tll(' aetnal), to compare tIlt' 
actunl yie1<1 with the ('stimat('t1 yil'ld iE 1,2, Ol' 3 pickings lUl(l been 
made. ASSlIming Ole tagged fruit to be l'eprl'sentatin' in size of 
all thc peHn; on the teN" tlH'rc wc]'e '70G ponnclH 011 un unthinned trep 
on August 0, 'l'hi~ w(lil!ht, with un in(~J'('Hsc of 1.72 percent. pel' (1a~' 
after the Legiun iog of thl' IUIlTI'tit (fig, 1, JI)32 season) nntjJ 
A1Igust 27: should gin· It yield 0 f 1)25 pounds; the actual yield , 

http:J.emailJ(.dontheh.pe
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inclllding 35 pounds of fallen fruit, was v48 pounds. Similarly, on 
It. tree where ~ pickings were mnde the estimated yield on August \) 
was 578 pounds. On that dnte 112 pounds were harvested. If to this 
yield is added 51) pounds that dropped trom the tree and might 
be classed as additional thinning, there would be 407 pounds remain­
ing 011 the tree. An increase of 1.98 percent per day for 18 days 
would give a yield of 724 pounch,. The actual yield, iric1uding £n.Uen 
fruit, was 757 pounds. If only 1 picking had been made, the esti­
mated yield with a 1.72-percCllt increase per day would have been 
755 pounds. 

Again, on a tree where pickings were made on August 9, 19, 
and 27, the actual yield including fallen fruit was SUG pounds, and 
the estimated yield for 1, 2, and a pickings was 8V:), 875, and 85!) 
pounds, respectively. On three trees "where 1, 2, and 3 pickings 
were made the total actual yield was 2,571 pounds, eomparefl with 
an estimated yield for the same number of "l)ickings of 2,508 pounds. 

"'While the yield is practically the same ,Ylether 1, 2, or H pickings 
are made, other factors may make the greater number of pickings 
desirable. If all the fruit is harvested at olle time there l11ay be 
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I'wl'UH ::.-ltl'llltiollHhip hrtwN'lI siz(' of IWIlI' fmit III" 111(' brgilli.illl-: of, the hnrvest 
~""SOll IIl1d till" III1J1lUpr of dill'S It J'(,lIlllincd 011 til(' Ire<>. 

a "'ide range in size, some fruits being larger than that most de­
Hire(! fOi' canning. Ad(litional pickings will give a, more uniform 
product of the desirable siz(:s. Also, if the fruit is not well dis­
tributed on the tree an(l there is danger of limb breakage, or if the 
tree is overloaded, 2 or more piekings will tend to prevent this 
brl1akage. 

ON I.OSS 01' WEIGHT IN THE RIPENING ROOl\1 

In Ol'rl(lr to (lete1'l11ill(' the df(lct of maturity on shrinkage, or Joss 
o"f~ w(light oJ the Jr1lit while in the ripening room, pears picked at 
18 pOllnds and at 11> pounds pressuro test were weighed and ripened 
under varying conditions. fievcral small lots eonsisting of about 
a dozen rcpr(lscntative fruits were lIsed instead of a single large 
101'. Thl'se small lots pl'I'll1itted more accurate weighing, and there 
was l(lss llangel' of decay (hweloping and influencing" the reslllts. 
NlIliil'J'OllS Sl11alllots werc Ilsed in studying the loss in weight. These 
studies were mnc1e on Jl'ltit after a, period in cold storage. Table i.\ 
gives the conc1itjons und('r which the fruit in the two stages of 
maturity was ripened and the percentage of weight lost in the period 
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extending from the time of removal from cold stornge until the 
fruit was ready for canning. 

TABLE 3.-Effect of maturity in BCi'/;tlctt peur,q on 1088 In weight during 7'ijJenl'11g 

----------·-·----f-·---·----------·--
Pickod lit 18 pounds pressure II Plckod nt 15 pounds pressuro 

--_·_-..,.----·-:----1 ,..---------:------;----' ­
Hiponlng·room Rlpening'room

conditions conditions 
Weight Weight ,Lots (nv.lllber) - --,..-- ­ .Lots (numuer) lost lost 

'I'omper· Humid· '!'ewpcr- Humid· 
uturc Ity nturo ity 

------1----------\1----------------
OR. I Jcrcent Percent oJ!', Percellt Pel-cellt 

3•.••••••_.......... 05 80 1. 60 3.................... 05 80 1. 00 

5••••••••••••_...... 05 113 1. 2-1 9••••••••••.•.•.••••• 05 \13 1.00 

3................... 01; II-I 1.31 2~_"_"A ~ .. _~ .. _.... ~ .... __ 65 94 1.09 

4................... 75 70 2.99 -1. ••••••••• _. _....__ 75 70 !!.lU 

8••••••••••••••••• _. 75 is 2.10 8.•.•••••..•••.••••••• 75 78 1. 70 

4•••••••••••••••• " i5 81 2.51 4.............."••••• 75 87 1.74 

2•••.•••••..•••••• _. 85 OB 2.08 4.................... . 85 08 I. 98 

5..... •••••.••.• .•.. 85 75 3.30 11 ........_•••••••••• 85 75 2.QO

4................... 85 04 1. 6U 2.................... . 85 0-1 1.42 


. ------- ­38 I ___ .~____________ :t 75 282 , 2. H 4i I................ "1 ~ 75 J q!1 ' 1. Ot; 

I_ ..___~.-.--------------~--.-.;.-.------~ .."~-

1 '1'otul. 'Weighted uverage. 

It will be noted that iti every case the l)ears picked at a pressure 
test of 18 pounds lost more weight during ripening than did those 
pic:red at It pressure test of: 15 l)Olmds. A comparIson of the aver­
age loss in weight from the two maturities shows that the less ma­
ture fruit lost 29 percent more weight during ripening than did 
pears picked at the more mature stage and ripened under similar 
conditions. Even with a· humidity of 98 to 94 percent there was a 
loss in weight amounting to 1 percent or more in every lot. It is 
likely that much of the loss at the higher humidities is due to 
respiration in ripening. 

ON FRUIT WHILE lUPEN"ING 

'rhe fruit from the early-picked lots showed considerable wilting , 
during ~'ipening. Oftell it failed to develop the uniform bright 
skin color chamcteristic of later pickings and showed a distinctly 
greenish spotted appearance Rfter having been in cold storage G 
weeks or longer, even though ready for ca.nning. The earliest­
picked lots never developed the sprightly aromatIc flavor clUll'UC­

teristic of the Bartlett pear. All through the season it was observed 
that the immatm'e fruit was not only darker w11.en first peeled but 
tended to oxidize much more rapidly while being prepared for proc­
essing. This was true to snch an extent that it was possible to 
pick out at n distance of severnl feet and before the fruit was proc­
essed the truys cOl~taining open cans of: immature pears. However, 
some of: the darkening dne to oxidation WlIS lost whUe the fruit was 
in the exhanst box, so that when the fruit emerged the differences 
were not so apparent. In pUlping the fruit for acid determination, 
the immature fruit took 011 a brown color ll1ll10st immediately, while 
the more mature pears required several minutes before reaching a 
color stage comparable to that of: the immature fruit at the time 
pUlping wus completed. Fruit picked at a pressure test of 14 
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pounds showed a tendency to break down at the core before reachinga stage of softness desirable for canning. This tendency developedquite rapidly as the pressure test dropped below the 14-1)Ouncl figure. 

ON C3EMICAL COMPOSITION 

Table 4 shows the effect of maturity on composition of the fruit.
The first series of analyses were made at the' time of harvesting.
The fruit for the second series was stored at aoo to ;32° F. for 30days after harvest and then ripened at 70° to the most desiJ:ablestage :DOl' canning. These analyses wm'e mude eJlJ pe:u'H growll 011heavy soil. .Analyses of fruit from the light soil gave similarresults. 

TABLE 4.-Effcct of 1/WtUl'itll of Bal'/.lrtt lIC(l.I'S on oOIll[l(Mitiun at tilllC of harvcst(l,ne/, when ripe-nod for c(/I/I/.in{/' 

AT HARVEST---------------c- ...-...---....--------.---.....,--- ­
Prm,sure Alcohol· Alcohol· Total i H~dllc' ! ~I'otnlDate 11Ilrvested Ill, Insoluble soluule Illg 

('une Acid
harvtlSt material material solid'l sugurs sugnrs 

lIS
slIgllr citric-·--------1·------------ ---i---------­

POU.'1Iris Perce71t Percwt Perce7lt Percent I Percent Percent PercentJuly 28 •.•_......... __

Aug. 4._ ••• _..... _. 0.71
ig:~ I g~: lK~'1 :g~ ~:~~ ~:gl f .82 ··---·ii~33AUg.12--·--····_·· ­

1 
l7.0 ·1.13 0.00 13. i3 5. 22 . i2 . :13

Aug. _, .. __ "'" ., iii. 0 
5.40 u 

'1' 

I. ~'!l .28
Aug. !,;!_ .. _..... _ ...• , 10.0 .1. la 10. :18 I 1·1. 51 

~.' °11'04 

Sept. 2..__ .• _._._ .... a.37 10.0:1, l:l..tO 5.37 7.00: l.n:l .31
Sept. I L._ ••___ • __ ., 

14.31 ~.2r.? I 10,00 I 13.27 ·1.87 7.00 2.13
Do..___ •__ ..._••_ 8.21 3.41i .20

12. 0 ~. ,hi I' 11. 32 , la.8.i 4.7:; 
.28 

, 7.3 I 2.31, 12. ao I J·J.70 j 4.70 I o. la I .1. 34 .15--------------''------ '---'---~~.-- .~~---..:..---
A.FTER lUP.ENINO
...~-~ ...-----.---~.------.-~.


July 28__ • ____•• _.... .1 
 20.3 i !l.32 \ Ll.4:1 

l
i

Aug. 4__ • __ ._••._.___ IS. Ii : 
14.71; , D.OI ' 7.70 I. 781 0.263.30 1l.70 !ii.rlO 0,24;Aul:.12__ •. _____ . __ .: 17.0; :l.lfl, 

S.21 1.07 .3411.00 lii.OU: ~.0~1 7.91)Alii;. 10._••_•••___ .• 1.1)7 .3l
Aug. 27._.= ... ______ .'

' 16.0, 3.18 { 11.451 1·1.1i31 01.8, s.ao 2.43 • :\1 15.0 2.5a1 11.70 14.2:1 5.07, f). 71 2.741Sept.2•..•••_. ___ .•. ; J.l.:l "8
Sept.ll. __ •.•_•• __._! 2.4:11 12.[0' 1·1.62! 5.7.11' 0.20 a.47 :2312.0 2,101 u.S.li, 1,1.03,' ii.52 8.118 3.41i .15------~_--__--~I__ ._~_-.-------'~-- ... ____~____

I Aualyses expressed as percentage o( fresh weight. , Tree'ripo (rllit. 

An examination of table 4 shows that the stage O! maturity atwhich the fruit was picked exerts a considerable influence O1i itschemical composition, both at the time of harvest and after thefruit has ripened. As the season advances there is lL clcc'l'case in thealcohol-insoluble solids and in the acids and reducing sugars and anincrease in alcohol-soluble materjals, cane sugar, and total sugars.In the ripened fruit, owing to variations in total solids, the increasein the alcohol-soluble materials in terms of fresh weight is not dis­tinctly noticeable; however, the increase is readily shown jf culcu­lated as percentage of total solids. In the early-picked fruit theinsoluble solids make up 28 to ao pereent of the totnl solids, droppingin storage and ripening to 22 to 23 percent. In the later-pickedfruit insoluble solids alllOunt to only 18 to 20 percent of the totalsolids, dropping to 15 to 18 percellton ripening. Cane sugar in­creases both ill total amount and in percentage of totnl sugars. Onripening it iIlcreases greatly in the carly-picked fruit, but remainsabout constant in fruit picked neM' the end of the season. Ripeninghad but little effect on acid changes, as the acids renutincd practically 
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the same after r.ipening as !It harvest, 'r11e increased acid content 
at the hifrllcr Vl'eSSlire tests explains the more sprightly acid flavor 
of the ea~Jy-pickecl fruit, From a cnnner's viewpoint, perhaps the 
most outstanding effect of maturity on raw matE'l'ial, as shown uy 
the analyses, is the increase in total SUgll1'S and the decrease in tbe 
alcohol-i'nsoluble materials as the season advances, Apparent ll1­
crease ill sweetness is largeiy dependent upon these two changes along 
with changes in astringency and acid content. The 111Cl'eaSe ill 
su":al' adds sweetness (Urectl~~; the decrease in insolnble solids affects 
th~ case of tlisintegl'atjon of tbe tissue and the consE'quent percepti<tm 
of sweE'tness, 'While no astringellCY determinations were madt\, it 
is realized that a progressiv(.; decrease takes place during l'ipening, 
giving the eifeec ~If incrcasing swcetlless to the taste, 

ON THE CANNED PRODUCT 

An examination oi' the ('unne\l pl'oduct. shmYf; that, there is tL 

consiclcl'nble lliffen'llee ill the nppeal'u:llC'e of the early- and late­
picked pears, Fruit pie\n·t1 at the !lighl'l' pl'e>iSLlre tests tended to 
have u. (1i~tin('tl:y c1al'ker or a pale orHllge-yellow appearance as 
COHll)Ul'cc1 with the ell'lIl' trllllslucent crt'am color of the fruit picked 
at the mol'C' mattn'c, stage, Thl'I'e ,,'as a. gmdual improvement III 
color as maturity udnu1('ec1, :dthongh the lIHrel'cm'ps were not so 
great in the luttt:r part of the sea,sOlI, Considercd:l>i to color alone, 
the lots pickpcl last were l)J'obabl y tILe be;,;t, j udgl'd froJll the ('0111­

mercial viewpoint, Othet' i~actol's; sHch as the prevalence of internal 
breakdowll aiHI the nmotlllt of fruit dropped from tll(' trees, prevent 
the commercial harvesting of Iwal'S at such low pl'eSSlll'e tests, This 
color cl ii-rl'n'Jl('e was very dh,tjnet ,,'h('J] the va.dons lots were COIll­

pal'ed directly, ('ven though th('. fJ'ldt, pil:k(\cl at the highcr pressurc 
tests might be classed as >iatisfactory jf judged alonc, 

The diffet'Cllces in des>iert quality or taste wpre not so llistinctly 
noticenble, although most of the PPl'i'Ol1S 'who examined the cannell 
fruit. agr(·ed. that tbel'p 'w('I'e diil'l'l.'eJlce>i in fla\'ol', The majority 
opinion was that, in order to g(·t till' bebt flavor. pi('kings would haw 
to be Jnade a Iittlt' eadicr Ulan the optimullI 101' b('st ('olot'. Fruit 
1'1'0111 the lots piek('c1 very late st't'med to haw lo;,;t sOllie of the 
!'j)l'ightly :troluatk 1IaY01' chal'u('terlstic of CllllJ1ed Bartlett peat's. 

In the usual judging of ealll1ed pears. ('0101' probably ha;,; plll,Y('d 
n more imp(lrtant part than flavor, Sinc(' the ('ommmcr likewise 
buys ])J'imar.ily 011 appennuH'p, till' qll('stion [trise;,; among (,aIUlel'S 
ItS to th(' :f('Hsibility of dt'\'('loping a lllOI't' al'omatie and spl'ightly 
Havor in C'lUIJ)('d Bal'tll'tt lWUI'S at the expem:p of COIOI', PO>isibly tL 

compromis(' C'UlI be dl'el't('d b? picking the peal's at Pt'l'SSUl'eS sOlne­
what !Jighel' thall at 1))'('S('lIt d('sln'd £01' l)(>st l'olol'. but not so high 
as to aff('ct tlw ('olol' s(,l'iollsly. St'usonal variations 'will probubly 
have so.me efff'C,t-, sillce till' diti'l'J'{'I}('l'S l!L'tWCl'll the diff(~reJ1t maturi­
ties WPl'e gl'eatpl' in SOllll' SetlSOIlS than othel's. 

Time of picking has c01l1pal'ntiYelv littll' influence on color of 
sirup, 'l'hetexttll'c of tire ('aIJlwc1 JlI'O~llld wus 1)('1'11a ps a littlc 11101'(' 

granular and firJ1leJ' in tlie late-pi('l.;:l·t1 fruit. This JiJ'llll1eSS WUH 

probably chH' to the, charucter of tlie i'nlit at tillle of ('annin!r. silJ('(' 
it was clifficult to get it to ~often Ill'opedy IWj'Ol'(' intl'l'Ilu tbn'ak­
dowll took pIact>. 
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STAGE OF MATURITY FOR BEST RESULTS. 

From the foregoing data and discussion it is seen that the stage 
of maturity at which the fruit is ,picked exerts a marked influence 
on its yield, behavior, and compositlOn. There is an increase in both 
total and cane sugars and a decrease in acidity as maturity advances. 
The canned product has a bett.er color and the raw material is oxi­
dized less rapidly durillg ])repal'ution and canning when the fruit is 
more mature. There is also less loss of moisture in ripening, and 
the increase in weight during the season while the fruit is on the 
tree is approximately 2 percent per day. 

The fruit picked at a pressure test of from 17 to 15 pounds seemed 
most desirable, when everything was considered. .At these pressures 
there may be some dropping of tbe fruit, und growers may insist 
on picking earlier. However, unless the droppjll~ amounts to about 
2 percent per day the inca'ease in '.ize of the pears remaining on the 
tree will probably make up the cliffel'elwe. The pressure tests indi­
cated nboYe as the most Hatlsfactory will ordinarily permit the har­
vesting of a maximum tonnage. 

EFFEcr OF COLD STORAGE 

For the cold-storage ('xperiment, pears were picked at the pressuJ'<.' 
tests given in table 1 and stored at 30° to 32° F. for varying lengths 
of time. In 1929 and HmO, aside Jr.·OIll fruit ripened illunec1iat.ely 
after harvest, the storage periods ranged from a minimum of 30 
days with removal at lO-dllY illtervuls up to a maximum stornge of 
90 days. In 1931 the period of storage was redueed to a maximum 
of 30 days and shorter pedodsof storage ",vere also used. 

ON FRUIT WHILE RIPENING 

.A general examination of the f)'uit nfter ripening showed that 
prior storage at 80° to 32° F. eausl'cl it to ripen milch more uni­
formly when placed 1n the ripening 1'00111. 11'1'uit ripened immedi­
ately after harvest usually has to be sorted once, a.nd sometimes twice 
or more, in order to lIS(, the fruit at the best canning stage. Fruit 
that has been in cold storage ripens quite uniTol'mly, at least that 
grown in the al'id sectiolls of the Pacific Northwest, so that it is 
seldom necessary to do any sortillg unless lots of well-llnaturecl frnit 
a.re mixed with Jots less mnture or ,dth fruit subjected to different 
handling practices. Even then, sorting by lugs is usually sufficient. 
This fact is of value in three respects: (1) Less handling of the 
fruit is required, and It consequent saving in labor is effected; (2) 
there. is less loss from bl'nisjng~ owing to less hundling of ripening 
fruit; and (3) a more lmiform product is provided, since in hand 
sorting there is always some question among the sorters as to whether 
particular fruits should be canned immediately, even though slightly 
green, 01' should be left until later, when they may be slightly 
oyerripe. 

It is quite possible that some of the improvement in t.exture in 
the stored lots was due to the rmore lmiform ripening, so that as a 
consequence the fruit could be canned at the time when l!, large per­
centage of the individual pears was at the optimum canning stage. 
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Wbileprecoolingand very short periods of cold storage (1 to 10 
days) were not so effective in improving the quality of the canned 
product as longer periods in storage, they were of value in causing 
the fruit to ripell more uniformly, v.rovided the period of storage was 
sufficient to bring the fruit to a urnform temperature of 30° to 32° F. 
Pears picked .ata pressure test above 18 pounds and held over 60 days 
in cold storage tended to wilt when placed in the ripening rooin. 
This fruit also failed to develop a desirable golden-yellow color 
anll had a dis~inctly greenish tinge. The flesh of the immature 
long-stored frUIt was not only darker when first peeled but darkened 
much more l'apWly ill the preparation for canning. 

Eggs of the codiing moth are frequently present on Bartlett pears 
when they are harvested. If the pears are ripened immediately the 
eggs hatch and the larv'ae cnter the fruit. As a result, fruit that is 
practically free from worms, or at most 3 or 4 percellt wormy at time 
·of h~rvest, may be 15 to 20 per~ent or more wormy when ready for 
canmng. Newcomer (10) studIed the effects of cold-storage tem­
peratures for short periods of time on codlillg-moth eggs. The 
maximum time of treatment was 5 days, dUI'ing which approxi­
mately 50 percent of the eggs were killed. He states that the fruit 
would probably have to remain at 30° F. for at least 10 days or 2 
weeks in order to kill all the eggs. A cold-storage period of 15 to 
30 days would therefore be beneficial in reducing loss from this 
source. 

ON CHEMICAL COMPOSITION 

Table I) shows results typical of analyses made of the ripened 
fruit after varying pedods in cold storage. 

TABLE 5.-Effeot Of oaTcl .~t01"(/UC for cliffcrcnt. pel"ioas on chmnioul composition 
of jJ(I'I'/·/eit 1lO(I.rs '1011.('1/. ret/a1l for ca.nnin(J 1 

FRUIT PICKED AT 18.5 POUNDS PRESSURE 

Alcohol· Alcohol· Reduc· .AcidTotal 'I'otal Cnnestored at 32· F. (dIlYs) InsolUble soluble Ing lISsolids sugars sugarIIllliarial maierial sugars citric 

---------1---------------------
Percent Percent Percent Percent Percent Percent Percent0 _________ • _.___••____• _____ .__ _ a.03 12.80 16.4a 7.15 8.10 0.95 0.33

40___ ••••_______ •••••_••_•••. ___ :\.02 11.28 14.30 6.12 7. ill 1.04 .28 
00__ •••_••• _•••••••.•••_•• _­ __ _ 3.lij 11.32 14.89 6.22 i.41 1.19 .33 
74. _•••••••••_ ._ •••••••••_••••-. :l.l1 12.33 15.44 6.67 8.00 1.93 .31 
82••_••_••_•••_••__•••_•••••. _•• a.47 11.98 15.15.00 

45 1 0.30 8.211 1.90 .26 
90•••_••__._................... , 3.40 12.20 6.36 8.30 1. 94 .26 

FRUIT PICKED A'l' 16 POUNDS PRESSUUE 

0••••_._.____.•.•••_._.......... a.07 10.09 13.16 0.52 7.72 1.20 1..._...... 

Precooled to 30· F. overnight.. 2.97 11.80 12.83 fi.80 7.20 1. 40 1........_.

15......._..........._.......... 2.119 10.25 13.24 5.73 7.58 1.85 •••••••••• 

30••••••••_................_•••• 3.13 10.53 13.66 5.95 7.72 1.77 •••••••••• 


FRUIT .PIOF..:ED AT 15 POUNDS PRESSURE 

0...._____...__................. 2.10 11.71 13.90 6.M 8.fi6 2.02 0.36
.3......._.__.._..__.._......... 
 2.5!! 11.70 14.23 5.97 8.71 2.74 .28 
51.••• _••____.._....._........ . 2.48 12.07 14.55 6.a3 8.86 2.53 .28 
59_. _..__• _••__..... " ••_" _"" 2.80 11.52 14.32 6.25 8.73 2. 48 .28 
67_......._••_..........._•••••• 2.lifl 11. 6:1 14.19 6.02 8.60 2.58 .26 
81. •••••••••_•.___ •••••__••••• 2.46 11.26 1a.72 5.96 8.19 2.53 .23 

1 Analyses expressed lIS pcroontage of fresh weight. 
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The amount of cane sugar in the pears increases and the acid 
decreases if the fruit is placed in cold storage. This increase in cane 
sugar is very pronounced in fruit picked at higher pressure tests, and 
is also greater in the later picked lots. It has but little influence, 
however, on total sugars in pears. The acids decrease in storage. 
By comparing the acid changes in '.fruit stored at 30° to 32° F. then 
ripened at 70° (table 5) with those ripened immediately after harvest 
(table 4) it is seen that long storage is more effective in lowering 

the acid content dum is ripening at 70°. Differences in the other con­
stituents are comparatively negligible. Because of the differences 
observed in the textme of the canned product from the stored lots 
(as noted below), it was expected that there would be a difference 
in the alcohol-insoluble material found in these lots. However, anal­
yses that showed this was true in only a small number of cases. 

In 1931 the period of storage was reduced to a maximum of 30 
dllYS, since it was shown in the earlier work that pears in cold storage 
for 30 days gave tL better canned product than either fruit ripened 
immediately 01' that held in storage for longer periods. Fruit was 
picked. at a pressure test of 15, 16, and 17 pounds and held in cold 
storage for vRryling lengths ·of time up to a maximum of 30 days, in 
order to determine the minimum time n~cessal'y to secure the bene­
fits of cold stm·age. 1'118. periods in storage were precooling over­
night to a. fruit temperature of 30° F. and storage for 1, 2, 4, 6, 10, 
15,20, or 30 days. Chemical analyses were made on fruit which was 
ripened iIllllledlately, precooled overnight to 30°, and stored for 15 
days and for 30 days. .H.esultsof analyses on the fruit picked at 16 
pounds are given in table 5 and are typical of results from fruit 
harvested at other pressures. 

An examinution of these unalyses shows that the factors affected 
by cold storage over long pedodsare similarlj affected by precooling 
overnight, but to a lesser degree. A 15-day storage perIOd seems to 
be as effective as a longer period. 

ON THE CANNED PRODUCT 

Bartlett pears that h;Jve been held in cold storage seem to ha ve a 
better color and texture when subsequently canned than fruit ripened 
and canned immediately after harvest. vVith a range of storage 
periods from 0 to 90 days at 30° to 32° F., the best canned fruit was 
obtained from the lots that had been in storage from 15 to 30 days. 
Fruit stored for either shorter or longer periods was less desirable. 
A shorter period failed to give the full benefit of cold storage, and 
longer perIOds brought on additjonal complications. 

Fruit ripened immediately aiter harvest had a poorer texture, 
which may best be characterized as lacking in cohesion and firmness. 
It was also of R darker, less desirable color and did not seem to have 
so desirable a flavor. The effect of precooling 01' storage for less than 
10 days was Ilot distinctly noticeable on the canned product, although 
after 3 or 4 days there seemed to bea slight improvement in texture, 
indicating that this quality is morel'eadily influenced by short 
periods of cold storage than is color. Storage for 15 dayG appar­
ently was as effective .as longer periods, since there was little. differ­
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ence between the 15-day and the 30-day IoU:;. Longer periods cl~used 
a gradual darkening of color, although at 40 to 45 days it was only 
slightly noticeable and at 50 to 60 days there was a resemblance to 
the ,color of canned pears made from fruit ripened as soon ilS picked. 
Storage for longe:(' than 60 days cannot be recommended becuuse the 
color ,of the C<1nned product tended to darken I'llpWly when this 
period was exceeded. The Ilears stored for very long periods tended 
to be more granular in texture and to have lost much of the melting, 
buttery consistency in the Hesh, chal'acterist.ic of pears of the inter­
mediate stored lots. The darkening of color was especil111ynoticeubl(' 
in fruit picked at the higher pressure tests and gradually dltcl'eused 
in the more matm,·e fruit. At 14 pounds and below th~re was bnt 
little difference in the intermediate and long storage lots insofar as 
color was concerned. 

Cold storage of the fruit will be advantageous to canners also, 
because they may thus prolong the canning senson WjtJlOut loss of 
quality in the finished product. For fruit that ('ollId be proeessed 
during the h:trvest season it muy mean an udditional expense. How­
ever, since advantages other than an improved prod uct l't'sult front 
cold storage, such as u saving in labor due to more uniform ripeniJlg 
and l'educec1losses froul bruising and" pinworms", U}(:'se sa vlngs wi 11 
act to rcduce or offset the initial cost of storage. In ::;ollle cases these 
economics may more than equal the cost of storage. 

EFFECT OF HOLDING AT HIGH TEMPERATURES BEFORE COLD 
STORAGE 

Bartlett pears held for 2, 4, and G days after picking' before c01(1 
storage, at the high atmospheric temperatures prevailing during' tht· 
pear harvest, were Jess satisfactory when ripened than fruit stored 
immediately after harvest. The chemkal composition of the c1elayetJ 
lots at the time of canning was very irregular and no definite COI1­

clusion could be dra:wn from the analyses. There was II tpndcncy 
for the totul sugars and the cane sugar to be less in the c1elayed­
storage Jots, but this was not true in all cases. Fruit helel for 4 
or G days at high temperatures sometimes completed the ripening 
process within 30 days in cold storage at 30° to 32° F., with uresult­
lint loss by decay and It Iloor texture in the canned product. .Fruit 
deluyed 4 days and then stored .at 40° was a total ioss from scald 
and break-down within 30 days. The fruit placed in cold storage 
immediately after harvest gave the best canned product, in both 
quality and appearance, with u gradual deterioratioJl ill these fac­
tors proportional to the time for which the fruit was delayed before 
storage. 

EFFECT OF RIPENING-ROOM TEMPERATURES AND HUMIDITIES 

To test the effect of ripening-room temperatures and humidities 
on the quality of the canned product, Bartlett pears were l'ipenecl 
at 60° to 05° F. and 80° to 85° and at relative humidities of 70 
and 90 to 95 percent. Similnr fruit ripened at 70° with It relative 
humidity of 78 to 85 percent was IIseel as II ('hcek for eompal'ison jJl 
judging the canned product. Tab1e 0 gives analyses tYJlicllJ of those 
made on fruit 'l'ipened at the two temperatures, that held nt the 
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higher showing an increase in the alcohol-soluble material and 
reducing sugarEl and 11 slight increase in the total sugars. 

TAULE f1.-A.naJ!J8c8 of BfI.rllctt pears ripcnc(Z at 65· alld (1/ 85° P.' 

Ripening-room tempernturll lAICOhOI- AleOn01-\' Total Reduc-I Totnl (lane Acid 
( 

0 F ) Insoluble soluble lid Ing ns
'. ,material material so s sugars sugars sugar citric 

------- --1---'-~I--
P,-rccllt Perccnt IPercent Ferccllt 'I Perc01l1 Percent Percent 

65______________________________ a.os 11.27 l4.:J5 U.38 9.51 ! a.13 0.28 
85_______________________ .______ 2. DO I 1[, 99 I J.I.98 I 0.98 9.05 j 2.07 , __._28 

1 Analyses expressud ,as pereentqgtl of fresh weight. 

Two lots of fruit 'were held fo), 30 da.ys after harvest at DO° F. and 
a relative humidity of 90 percellt. At the end or t1lUt time the fruit 
was Htill hard nnd tough, and it :failed to ripen satisfactorily when 
removed to n lower temperature. This is in agreement with results 
reported by Shamel (13) and Taylor and Overbolser (14) on the 
effect of high temperatures in ripening Bartlett veal'S. They founa 
that storuge at te,mpl'ratures above 1:)50 retarded rIpening. 

An examination of the C!Ulned product indicated that fruit ripened 
at/0° to 75° F. gaYe a product us good as or b('Uer than fruit ripened 
at either n. higher or a lower temperature. ]'rnit ripened at GO° to 
G5° was slightly darker in color than that l'ipened at 70° to 75°_ 
Fruit ripened at sog to 8;)° ,YUS slightly s10,\"e1' in ripening, and that 
ripened at DO° waR wry markedly slo"'el·. 

Fruit heltl for 3 days nih'l' hai'YN,t at noo F. und then ripened at 
70° to 75° had an ooj(,.ctionnhle chalky appearanec around. the core. 
Fruit held for B tlays ut noo and then stored at 30° to 320 did not. 
have the chalky appearance, bllt wus 110t as desirable !IS that given 
immediate stora.ge. It was also observcd thllt a greater loss of 
weight o('cUlTed during ripening at the higher temperatures. 

Humidity is of importance in the ripening roon'l, amI where there 
are special rooms for rjpening the fruit for canning, this factor seems 
to take eare o:f itself ,.ery well, since considerable water' is given off 
by the fndt in ripening. Special precautions will probably be neces­
sary only where :fruit is placed 1n an open shed for ripening. Low 
humidity will cause some wilting during ripening, but small losses 
of wei rrht may not lIe lier'iolls llnclmay ,,:,yen have an advantage ill that 
the subsequent siI'uping' und processing lllUY permit l'('covery of some 
of the weight lost and may allow expansion to take place during the 
exhausting and cooking, rc.r:;ulting in !L better texture of the canned 
product. 

Fruit ripened at very high humidities loses comparatively little 
weight in ripening, and the flesh is firm and juicy. However, 'during 
the stearn exllallst of tbe product the outside cells completely filled 
with juice are often ruptured, giving a slightly ragged nppenrunce to 
the fruit and increused cloudiness ii'l the sil'ttp. . 

Table '{ shows the effect of hUJnidityoll the loss of weight dlll'ing 
ripening. These lots include fruit picked nt pressure tests of 18 and 
15 pounds. 
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TABLI!l 7.-Effect of humidity on Zoss of weight of Bartlett pcar,~ flltring ripening 

Low·humldlty storage Medlum·humldlty storage :1 IIlgh·humldlty storage 

----~--------~---- -------------~.----

I
Ripening con· II Ripening con· 1 I I Ripening con· 

dltlons dltions I I dltions 


Lots Lgr Lots! I i L~rS LotsL~r 

Tem· Humid. weight ITern· Humid. weight, I ,Tern· ITumid. weight 
pera· Ity pera· Ity I I perno Ity 
tore i ture I ; , ture 

----------- ---'--I--·------'---~·- ~----.~ 

Number 0 F. Percent Percent Number! 0 F. jPerccl1t Percent "\1I111btr 0 F. Percent Percent 

~ ~ ~ i: ~~ ~ I ~~ I f~ Ug 1 ~. ' ~g 3~ U~
lr ~ f~ ~: gg g g~ I ~g U8 I : ~~ ~~ U! 
l ~~ f8 ~: ~ I I ! ~ i gg i:1 I: U

t,'! ,5 ' 65 03 1.24 
9 65 93 1. 89 

I 30 --;s;--;-n~ 122i~!~~i--;-a;I---;n--;u;-~ 

I Totsl . 
• Weighted average. 

In some years pear canners experience considerable difficulty. be­
cause the stems S of the fruit turn yellow or brown after cannmg. 
Many canners now remove the stem, and of course where this is done 
there is no problem. A slight yellowing of the stems was noted in 
some of the writers' experimental lots, but it was impossible to con­
nect its llPl)carance with maturity, handling, or storage treatment. 
Neither freezing of the fruit in storage nor deliberate change of 
acidity at time of canning seemed to influence this yellowing. 

EFFECT OF SOIL TYPES 

Soil types apparently playa minor role in pear growing insofar as 
the canned product is concerned. So long as normal growing con­
ditions prevail with reference to water supply, soil fertility, and 
similar factors, and the crop quality is comparable, there is probably 
no appreciable commercial difference in the quality of the canned 
product. In 1929 fruit from the heavy soil gave H, slightly better' 
product; in 1930 the reverse was probably true, and in 1931 there 
was no apparent difference. 1Vhere differences due to soii types 
were noticeable after ('unning, the orchard that produced the best 
pears as judged by the fresh fruit also gave the best product when 
canned. 

SUMMARY 

The experimental work described herein has been concerned with 
the effect of maturity, handling. and storage of B:ll'tlett pears on the 
quality of the canned product. The phases studIed were those that 
take place prior to the entry of the fnJit into the preparation or 
canning room. In the preparation and processing, standard can­
nery procedure was followed, and methods were made as nearly uni­
form as Vossible throughout. Chemical analyses were made at 

• Stem, as useu In t1lla dlscu8810n of the canned product. refers to the prominent
vascular tissue between the externul Hlem 111111 Lhe ctlr(J('I~ or He,·,1 l'u\'llie~ lIt: tb,' peur. 
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harvest and again when the fruit was ready for canning. The work 
ext~nded over a period of more than 3 years. 

Bartlett pears were picked at pressure tests ranging from 20 to 7 
pounds (using the U. S. Department of A~iculture teswr with the 
{\r-inch plunger and with the skin removed), and covered a period 
extendinO' from. the time when the first fruits were picked for com­
mercial it'esh shipments to the time when the last commerciall)ick­
inO'B were made for the cunnery. 

Bartlett pears in the Yakima and ·Wenatchee Valleys increased in 
size from I%, to 2 percent per day throughout the season. If the 
percenta.ge of fruit dropping from the trees wus less than this figure, 
the increase in size balanced the loss from dropping. The pressures 
l'ecommended will normully permit a maximum tonnage to be 
harvested. 

Fruit picked at the higher pressure tests tended to lose weight 
more rapidly in the ripening room than that picked at the lower 
pressure tests, and often wilted noticeably. 

Pears intended fot' the cannel'y guve the best finished product 
when the fruit was harvested at It pl'ei::sure test of from 17 to 15 
pounds. Fruit picked at a higher press1lre test was generally darker 
when cut and became more so dnring preparation for canning. At 
pressure tests much below this J·llI1gP. there WIIS some Joss :from inter­
nal break-down by the time tlH~ fruit reached the canning stage, and 
the amount increased rupidly as the pressure dropped. 

Pears held for It period of 15 to 30 days in colel storage had a 
better color und texture wlH.'ll canned than either tho~ie ripened 
without storage or those stored for longer periods. However, f~uit 
harvested at the preSSllre tests frol11 17 to 15 pOllnds gave a faIrly 
good product, eVell when stored for 2 months before clinn:lI1O'. 

Pears placed in cold Rtorage at :30 0 to 320 F. immediately :lfter 
harvest were better colored when canned and showed less loss from 
break-down and decay than the fruit delayed for 2, 4, or 6 days at 
higher temperatures before placing- ill {'old storage. 

A ripening temperature of 70 0 to 75 0 F. gave the most rapid and 
uniform ripening- and resulted in the best canned pl'oduct.. A rel­
ative humidity of 78 to 85 percent in the ripening room gave satis­
factory results. 

Soil types had no appreciable effect upon the q\lality of the canned 
product, provided 1101'm1l1 l!1'owin~ conditions pl'evu·iled. 
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