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Crassane’ pears. Storage at chilling tem-

Cold Storage Duratlon |nﬂuences peratures stimulates both ACS and ACO

activity, resulting in endogenous,kL, pro-
! 1 . ' duction and uniform ripening when pears are
Ethylene BlosyntheS|S and Rlpenlng Of placed at 20C (Blankenship and Richardson,
‘ ’ 1985; Chen et al., 1997; Wang et al., 1985;
Bartlett Pears Yang and Hoffman, 1984).
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1. Tayfun Agar dponing has been characterzed for winter
Department of Horticulture, Faculty of Agriculture, University of Cukurov sar cultivars (Blankenship and Richardson,
01330 Adana, Turkey 1985; Chen et al., 1997; Elgar et al., 1997:

il inei ; : 1 Lelievre et al., 1997a), but not for ‘Bartlett’.
William V. Biasi and Elizabeth J. Mitcham The objective of this study was to investigate
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Additional index wordsPyrus communijdirmness, color, respiration, ACC synthase, f:hange§ in the activities of ACS and ACO, of
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ACC oxidase growing regions in California to cold storage

Abstract Ripening behavior of ‘Bartlett’ pears (Pyrus communisL.), with or without  durations ranging from 2 to 12 weeks.
ethylene (CH,) treatment, was assessed at harvest, and after 2, 4, 6 and 12 weeks of cold

storage at —1°C. Fruit exhibited increasing rates of GH, production and consequently )

faster ripening rates with increased length of cold storage. Ripening characteristics were Materials and Methods
influenced by storage duration, but to different degrees. The data indicate that the
threshold C,H, concentration for softening may be lower than that for color change from
green to yellow. Ethylene treatment for 24 h at harvest resulted in a rate of ripening
equivalent to that following cold storage for 2 to 4 weeks, depending on the orchard
location. Storage for 12 weeks significantly increased,B, production upon transfer to
ambient temperature, indicating that fruit were reaching the end of their storage life.
‘Bartlett’ pears may ripen to a firmness of 14 N (ready to eat) at 20C within 2.5 to 7 days
depending upon the duration of prior cold storage.

Plant material ‘Bartlett’ pears were har-
vested 1 week after the start of commercial
harvest in 1997 and 1998 from 15 trees (five
trees/rep) in the same commercial orchards in
Sacramento (20 July 1997 and 27 July 1998),
Mendocino (27 July 1997 and 21 Aug. 1998),
and Lake (10 Aug. 1997 and 28 Aug. 1998)
Counties, Calif. Fruit were transported in an
o o air-conditioned vehicle on the day of harvest

Ripening of pears is induced by a thresholgh induce GH, synthesis and ripen (Chen ando the postharvest laboratory of the Univ. of
concentration ofinternal ethyleneg) (Chen  Mellenthin, 1981; Elgar et al., 1997; LeliévreCalifornia, Davis, and sorted to eliminate dam-
and Mellenthin, 1981). Less mature, freshlyet al., 1997a), summer cultivars, such aaged fruit and to obtain fruit of uniform size
harvested ‘Bartlett’ pears lack the capacity tegartlett’, require less chilling (Looney, 1972; and color within each pear-growing region.
start autocatalytic (i, production and to witchell, 1990). Mitchell (1990) demonstratedUnless otherwise stated, materials and meth-
produce significant levels of,8, (Puig etal., - that for California ‘Bartlett’ pears, the greatesbds, treatments, and results for the 1997 and
1996). When ripened at 2 immediately effect of cold storage was with early seasori,998 seasons were similar, and thus this paper
after harvest, ‘Bartlett’ pears ripen nonunijess mature fruit, and that these pears requiredll focus on the 1998 experiment.
formly and typically fail to achieve good 2 weeks of chilling at —1C, although some  Treatments Eighteen pears per growing
color, texture, and flavor (Agar et al., 1999a3dded benefit occurred after 5 weeks. Howlocation were selected for quality evaluation
Allen, 1930); conditioning at harvest with 10ever, Puig et al. (1996) concluded that 4 weekmmediately after harvest. The remaining fruit
Pa (100uL-L™) CH, at 20°C for 24 to 48 h  of chilling at —1°C induced adequate ripeningfrom each growing location were randomly
starts endogenous,if, production and uni- of Oregon ‘Bartlett’ pears while 2 weeks ofassigned to six treatments, three replicates, and
formripening upon transfer of the fruit to air atchijlling did not. four evaluation times and marked as such. In
20°C (Agar et al., 1999 a, 1999 b). The concentration of 1-aminocyclo-addition, 18 pears (six fruits/rep) for each treat-

Exposure of pears to low temperaturegropane-1-carboxylic acid (ACC) in manyment were allocated for,8, and CQ produc-
before (Wang et al., 1971) and after harvegfiimacteric fruits, such as pear, is relativelytion measurements. Marked pears were placed
(Looney, 1972; Sfakiotakis and Dilley, 1974)jow during the preclimacteric stage, but in4in a telescoping pear box (16-kg) (one box/rep)
stimulates GH, synthesis. While winter pear creases greatly during the climacteric, andnd the box was filled with extra pears to
cultivars require 6 to 12 weeks of cold storagghen decreases in the postclimacteric stageovide an environment similar to a commer-

(Yang and Hoffman, 1984). Ripening resis<cial box for the cold storage trials and subse-
—_ tance in winter pears held at ambient temperaguent ripening. Four groups of pears were placed
Regr?"’e_d forlp“b"cat'°’16J”'y_l_lﬁgg' ACCEptﬁd fo\res immediately after harvest is generallymmediately at —2C after harvest where they
Eﬂpggﬁggr}n sartsgstiheggzlifornilz ;isafaxgvis‘ggfelated to the delayed synthesis of ACC ancemained for 2, 4, 6, or 12 weeks. Two remain-
Board. We gratefully acknowledge the invaluableC2Ha in the tissue (van Eeden et aI._, 1991)ing groups were ripened |mmed|a§ely after har-
help and advice of Murray Clayton on statistica€XPosure to chilling temperatures stimulatesest (0 weeks); one was treated with exogenous
analysis. We thank David Bouck, George Sakaldasi§ynthesis of both compoun@lankenship C,H,, the other was not. For these two treat-
and Michelle Lauer for their excellent technicaland Richardson, 198%/ang et al., 1985). For ments, the boxes were placed in a tank and
assistance. We also thank Doug Hemly of Greenexample, Leliévre etal. (1997 a) demonstrategentilated with a humidified flow of air or air +
and Hemly; David Elliot of David J. Elliot & Sons; that exposure of ‘Passe-Crassane’ pearsto ld® Pa GH, (100uL-L-) at 3000 mL-mir for
Tom Thomas of Alex R. Thomas & Co.; and Dontemperatures induced the expression d#4 h at 20°C. Thereafter, the [, treated
Eutiner for their cooperation and donation of ffuitathyjene piosynthetic genes, including thosboxes were kept in a separate room from the
used in this study. The cost of publishing this pap%gsponsibile for ACC synthase (ACS) anchontreated boxes, both at*T) to avoid cross-
was defrayed in part by payment of page charges: . . L . .
Under postal regulations this paper therefore mu CC OX|da_se (ACO), and an accu_mulatlon otontamlnatlo_n with gI—_|4. For all six treat- _
be hereby markeddvertisemersolely to indicate ACO protein. All of these are required for thements, ripening behavior was assessed during

this fact. starting of autocatalytic f£l, production and the subsequent 7 d atZD. The 7-d evaluation
To whom reprint requests should be addresseétuit ripening upon warming. ExogenougH;  of pears that were stored for 12 weeks was not
E-mail address: ejmitcham@ucdavis.edu was unable to induce ACS gene expressigoossible because of excessive softening.
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PosTHARVEST BioLoGy & TECHNOLOGY

Flesh firmnessFlesh firmness was deter-1.5 times as high in pears previously storetesulting in production of <50 pmol®gs?
mined with an Ametek firmness tester (Ametekfor 4 weeks at —2C (Fig. 2A and D), and CH, (Fig. 1H) after 7 d of ripening.
Matfield, Pa.) mounted in a drill-press standC,H, production was 2.5 times as high as in  A24-h CH,treatment at harvest (0 weeks +
and fitted with an 8-mm probe. Skin wasthat of fruit treated with ¢4, for 24 h at C,H,) resulted in a softening rate between that
removed on two sides of the equatorial regioharvest (Fig. 1G). Flesh firmness of pearsf fruit stored for 2 and 4 weeks at °@ (Fig.
of each pear and firmness was measured aecreased 4 N during storage for 12 weeks &B). The rate of change in color of fruit treated
each side. —1 °C. Immediately upon removal from 12with CH, for 24 h at harvest was similar to that

Color.External skin color on opposite sidesveeks of cold storage (0 d), the ACS (Figof fruit stored for 2 weeks at <C (Fig. 1E);
of each fruit was measured with a Minolta2A) and ACO activities (Fig. 2D) were 14 however, their ¢H, production (Fig. 1H), and
Chroma Meter (model CR-300; Minolta,times as high, and8, production (Fig. 1G) ACS (Fig. 2B) and ACO (Fig. 2E) activities
Ramsey, N.J.) in CIE L*a*b* mode under CIEwas 290 times as high as fruit cold-stored fowere slightly lower. After 7 d of ripening at 20
Standard llluminant C. Changes in hue anglé weeks or less, although they ripened to 2C, fruit previously stored for 4 weeks at>€l
(h°), calculated as °h= arctan b*/a* (deg) similar firmness after 5d at 2C€ as did fruit were twice as soft and yellow, had twice as
(McGuire, 1992), were used to indicate thestored at—2C for 6 weeks. Fruit held in cold much ACS activity, similar ACO activity, and
color change from green to yellow duringstorage for 12 weeks exhibited the highedtvice as much ¢, production as did fruit
ripening. softening rate among all the treatments, reacktored for 2 weeks. Pears stored for 12 weeks

Gas analysisCarbon dioxide and #, ing 26 N and 13 N firmness after 3 and 5 d oéxhibited 140 times as high ACS (Fig. 2B) and
production rates were measured daily 8t@0 ripening at 20C (Fig. 1A). All cold-stored or six times as high ACO (Fig. 2E) activities and
and standard pressure for each replicate ajH,-treated pears softened to 24 N or les$3 times as high £, production (Fig. 1H) as
treatment. Six pearss{ kg of fruit) were after 7 d at 20C. did pears stored for 6 weeks, but the rate of
sealedina3.7-L jar for 5to 30 min, depending ‘Bartlett’ pears grown in Mendocino County. softening was not affected. During 5 d of ripen-
on the stage of ripeness, and the headspaEke rate of ripening-associated changeisgat20C, pears stored for 12 weeks exhibited
was sampled with a 10-mL syringe. An infraincreased incrementally with increasing lengtla 2-fold decrease in ACS activity and a 4-fold
red CQ analyzer (model PIR-2000R; Horibaof cold storage. Fruit held at 20 immediately increase in ACO activity; however,i&, pro-
Instruments, Irvine, Calif.) was used for CO after harvest (0 weeks), without addegH{ duction remained unchanged at above 1000
measurements. A gas chromatograph (moddid not soften appreciably (Fig. 1B) or chang@mol-kg?-s. All stored or GH,-treated pears
211; Carle Instruments, Anaheim, Calif.) withcolor (Fig. 1E), and exhibited extremely lowsoftened to between 12 and 26 N after 7 d
FID detector and alumina column was used tACS (Fig. 2B) and ACO (Fig. 2E) activities, ripening at 20C.
analyze for GH,.

ACC-synthase and ACC-oxidase activity. .
ACS activity was assayed as described by - Sacramento _Mendocino Lake
Gorny and Kader (1997) with three replica- ' ' ' '
tions per treatment. Activity of ACO was also
assayed as described by Gorny and Kad
(1997) with three replications per treatment.~
Peel tissue includingl mm cortical tissue %
was assayed immediately upon removal fromg
air, CH,, or storage treatments. E

Statistical analysisData were analyzed by i-
analysis of variance using the general linear
model (GLM) procedure (SAS Inst., Cary,
N.C.), with mean separation by least signifi- 115 |
cant differencew6p) with a significance level

of P < 0.05. e
T 057
Its P
Resu 5 10
‘Bartlett’ pears grown in Sacramento © el

CountyIncreasing the duration of cold storage
up to 12 weeks increased the rate of softening 90
(Fig. 1A), color change (Fig. 1D), respiration
(data not shown), and,&, production (Fig. 1—
1G), and the activities of ACS (Fig. 2A) and w
ACO (Fig. 2D). Ripening-associated change‘s‘m 1200 |
were negligible in pears held in air atZDfor =
7 d immediately after harvest (0 weeks). Thesés o900
pears retained their initial firmness (Fig. 1A) &
and color (Fig. 1D) and exhibited extremely>~ &00
low ACS and ACO activity (Fig. 2A, 2D),
resulting in <1 pmol-kgs* C,H, production
(Fig. 1G) during the 7 d. 0
A 24-h GH,treatment at harvest (0 weeks 3
+ C,H,) resulted in similar fruit softening
rates (Fig. 1A) and color change (Fig. 1D) as
in fruit stored for 4 weeks at 2C. However,

B3
500

—

300

Ethylene {p

Days at 20 °C

. . .. Fig. 1. Effects of storage duration angHitreatment on changes in firmness (N) B, C), color (If) (D,
CZ.H“ productlon_(F_lg. 1G) and ACS.aCt'V'ty E, F), and GH, production (pmol-kgs™) (G, H, I) of ‘Bartlett’ pears harvested in SacramemoD,
(Fig. 2A) were similar to those of f“,“t 5‘9“30' G), Mendocino B, E, H), or Lake C, F, I) Counties during 7 d at 2C. Mature-green pears from each
for 2 weeks at —1C, and ACO activity (Fig.  |ocation were ripened at 2@, without (0 weeks) or with 10 Pa (100-L) ethylene (0 weeks +,8,)
2D) was intermediate between that of fruit  for 24 h at harvest, and after storage for 2, 4, 6, and 12 weeks@t Bata points represent means of
stored for 2 and 4 weeks. During ripening at three replicates se. Hue angle is attributed to colors as yellow’j@thd green (189 or an intermediate
20°C, ACS and ACO activity were 2.5 and  between any adjacent pair of colors.
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‘Bartlett’ pears grown in Lake County. to that of fruit stored for 12 weeks, althoughalso decreased with time at%€1, indicating a
The rate of ripening-associated changes atthe 12-week-stored pears ACS activity wasnore uniform ripening behavior.
20 °C increased with duration of storagetwice as high, ACO activity was 1.5 times ‘Bartlett’ pearsrequire less chillingto stimu-
Pears held at 20C after harvest (0 weeks) as high, and £, production was 1.3 times aslate ripening than do winter pears (Looney,
without exogenous £, softened slightly (77 high after 5 d of ripening as in pears stored fat972; Mitchell, 1990). However, ripening rate
to 71 N after 5d and 49 N after 7 d of ripeningp weeks. All cold-stored or 8, ,treated was much slower after 2 than after 4 weeks of
(Fig. 1C). In addition, these pears exhibited pears softened to between 11 and 15 N aftstorage at —1C, especially in pears from Sac-

slight color change from 112 to 108 Fig. 7 d at 20°C. ramento and Mendocino Counties. The effect
1F), and some increase in ACS and ACO of storage times between 2 and 4 weeks is not
activities (Fig. 4 C and F), resulting in produc- Discussion known, but pears stored for 2 weeks ripened to
tion of more than 200 pmol-Kgs* C,H, (Fig. justunder 26 N within 7 d. Puig etal. (1996) also
11) after 7 d at 20C. Ripening of pears is closely associated witfound that 2 weeks of chilling at =€ was not

Fruit treated with ethylene at harvest (&limacteric GH, production and respiration, sufficientto completely ripen Oregon ‘Bartlett’
weeks + GH,) softened more slowly than did both factors being influenced by cold storageears during 7 d at 2C (fruit softened from 80
fruit stored for 2 weeks at —IC (Fig. 1C); (Sfakiotakis and Dilley, 1974). ‘Bartlett’ pro- to 53 N); however, 4 weeks of chilling fully
however, firmness of pears from the twaduced more ¢H, and consequently ripenedinduced ripening andwas approximately equiva-
treatments was similar after 7 d at°’2d Skin faster at 20°C as storage at <C was pro- lent to treatment with 10 Pald, at harvest.
color (Fig. 1F), GH, production (Fig. 11), and longed. Astime at—IC increased from2to12  Although 2 weeks of cold storage greatly
ACS (Fig. 2C) and ACO (Fig. 2F) activities ofweeks, the time required to induce climacteriamproved ripening in comparison with
fruit treated with GH, were also between C,H, production upon transfer to 2€ pro- nonstored, non-{,-treated fruit (0 weeks),
those of nontreated fruit held continuously agressively decreased from 5 to 0 d. Changes etween 2 and 4 weeks of cold storage appears
20°C and those of pears stored for 2 weeks &itmness and skin color during ripening werdo be necessary to fully induce ripening of
—1°C before ripening. Firmness of pears storedhpid after an initial delay, especially in fruit‘Bartlett’ pears. Sfakiotakis and Dilley (1974)
at—1°C decreased 12 N in firmness during 13tored for shorter periods, in agreement with theund that storage of Michigan ‘Bosc’ pears at
weeks (Fig. 1I); upon removal from storageresults of Elgar et al. (1997) for New Zealand5 °C for 1.5 or 3 d was sufficient to establish
they exhibited 25 times higher ACS activitygrown ‘Bosc’ and ‘Comice’ pears. There waghe full potential for gH, production, although
(Fig. 2C), 3.5 times higher ACO activity (Fig. about a 3-d lag at 2€ before ripening changes 3 d was more effective than 1.5d. These results
2F), and 40times higher@, production (Fig. were detected in fruit that were stored for 2 andontrast with our results with ‘Bartlett’ pears
11) than did fruit stored for 6 weeks. Action of4 weeks and in those that wergiGtreated at stored at —FC, where the full potential for
ACO and GH, production increased during 5harvest (0 weeks) in our study, indicating tha€,H, production was not reached even after 2
d of ripening at 20C (Fig. 1l and 2F), while pears from these treatments needed more timeeks of storage. We do not know whether the
ACS activity decreased (Fig. 2C). The rate ofo respond for the start of ripening. The variadifference in response was due to cultivar,
softening of fruit stored for 6 weeks was similation in softening rates among individual pear$ruit maturity, or storage temperature.

Sacramento Mendocino Lake
ap A A8 1 c
a‘_ﬂ“-\ _ i r .
% I-.: _ —_
:u'Tm 2
8 5
= E
'E [
o =
1] G 1
S o
< =
0'|
— B0
=% —— Owk
s 5 —o— Owk+C,H,
‘P'U‘Tm —— 2wk
L o4 —— dwk -
Q ‘g
g £ —— 5wk
o c —l— {2 il
=
5 E
&) f’zu
|
< Q0
ha
i

0 & 5 70 3 5 rlle! 3 5 7
Days at 20 °C

Fig. 2. Effects of storage duration angHCtreatment on changes in ACC synthase activity (ACC in nmdi*yand ACC oxidase activity (8, in nmol-g*-h?) of
‘Bartlett’ pears harvested in SacramemiahdD), Mendocino B andE), or Lake C andF) Counties during 7 d at 2C. Mature-green pears from each growing
location were ripened at 2C, without (O weeks) or with 10 Pa (10D-L*) ethylene (0 weeks +,8,) for 24 h at harvest, and after storage for 2, 4, 6, and 12 weeks
at —1°C. Data points represent means of three repliaates
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PosTHARVEST BioLoGy & TECHNOLOGY

Various ripening-related characteristics wereantly induced by holding the fruit at 2C  Blankenship, S.M. and D.G. Richardson. 1985.
influenced by cold storage to different degreesmmediately after harvest (0 weeks). Although ~ Development of ethylene biosynthesis and
Although 6 and 12 weeks of storage resulted iACO activity increased significantly in,8,- ethylene-induced ripening in ‘d’Anjou’ pears
similar rates of firmness loss in pears grown itreated pears after three and five d é@Ghe during the cold requirement for ripening. J.

: : o : o ; Amer. Soc. Hort. Sci. 110:520-523.
Lake and Mendocino Counties, the rates of skimcrease in ACS activity was small in Sacra: . : S ,

. - . . . L Blanpied, G.D. 1977. Storage of ‘Bartlett’ and ‘Bosc
yellowing and GH, production were very dif- mento and Mendocino fruit, resulting in rela- pears. Tree fruits, New York State Coop. EXt.
ferent. In agreementwith our findings, Lelievretively low C,H, production. These results SUg-  comell Univ. #566. '
etal. (1997b) stated that fruit softening is one ajest that there may be a differential responsgnen, P.M. and W.M. Mellenthin. 1981. Effects of
the ripening processes that is most sensitive td the GH,-synthesizing enzymes to exog- harvestdate onripening capacity and postharvest
C,H,, while color change can be eitheH>  enous GH,, which may result in higher ACO, life of ‘d’Anjou’ pears. J. Amer. Soc. Hort. Sci.
dependent orindependent according to the tyfit not ACS, activity. Our results seem to  106:38-42.
of pigmentinvolved and the species. Thereforagree with the findings of Blankenship andchen, P.M., D.M. Varga, and T.J. Facteau. 1997.
cold storage or exogenougHG treatment may Richardson (1985), who stated that ACO ac- Promogont‘)f”{’e”'”tg oftr?e?hhalxrd,recédﬁajou .
selectively induce faster softening, but not othetvity is induced prior to ACS activity during E?;rsTeZhr:?)? rlnze-gls\:\ﬁ 228 ylene. Fostharves
aspects of ripening to the same extentold storage and that ACS is the rate-limitin%Igar H.J. C.B. Watkins. S.H. Murray, and F.A.
(Gerasopoulos and Richardson, 1997; Wang step in GH, biosynthesis in ‘Anjou’ pears. Gunson. 1997. Quality of ‘Beurre Bosc’ and
al., 1972). o _ The rate of GH, production in pears grown  ‘Doyenne du Comice’ pears in relation to har-

Similar rates of ripening achieved by 6 andn Lake County and cold-stored for 6 weeks vest date and storage period. Postharvest Biol.
12 weeks of cold storage in pears grown ideclined after 5 d at 2@, despite a significant ~ Technol. 10:29-37.

Mendocino and Lake Counties might be aincreasein ACO and ACS activities. AlsgiH; ~ Gerasopoulos, D. and D.G. Richardson. 1997. Stor-
indication that we fully induced ripening with production of Lake County pears that were age-temperature-dependent time separation of
the 6-week treatment, and therefore longestored for 12 weeks increased slightly between So?elnt'.ng ‘;?dl chloro?hhyll loss dfrotrrr: the auto-
storage periods would have no further effec8 and 5 d of ripening despite decreases in ACS ¢&aVlc etnylene pathway and other ripening

. . - - . events of ‘Anjou’ pears. J. Amer. Soc. Hort. Sci.
Fruit from all locations that were cold-storedand ACO activities during the same period. {55.650_6g5.
for 12 weeks had 1) higher ACS and ACCThese data may indicate that: 1) other factoggorny, 5.R. and A.A Kader. 1997. Low oxygen and
activity, and 2) GH, production upon removal besides ACS and ACO activities are influenc-  elevated carbon dioxide atmospheres inhibit
from cold storage than did those stored foing fruit C,H, production, 2) enzyme activityin  ethylene biosynthesis in preclimacteric and
shorter periods, indicating that they werevitro can exceed that in vivo, or 3) both. climacteric apple fruit. . Amer. Soc. Hort. Sci.
reaching the end of their storage life. Our Lelievre et al. (1997a) also reported that 122:542-546. )
results agree those of Blanpied (1977), whACO gene expression and activity can béelievre, J.-M., A. Latché, B. Jones, M. Bouzayen,
reported that the storage life of New Yorkinduced by either chilling or short-term exog- ~ 2nd ‘F]J'HC"PIECIDII l?gfgi_'ig‘;’l%%a”d fruit ripen-
‘Bartlett’ pears is usually limited to, at most,enous GH, treatment in ‘Passe-Crassane; 19 "Myslol. Flant. 9L /2/=139.

L . : Leliévre, J.-M., L. Tichit, P. Dao, L. Fillion, Y.-W.
10 weeks of cold storage in air and, if ‘Bartlett'pears. They also found that ACS angHC Nam. J.-C. Pech. and A. Latché. 1997b. Effects
pears are held longer than 10 weeks, theyosynthesis may not be regulated by €xog- of chilling on the expression of ethylene biosyn-
usually ripen in storage. . enous GH, alone in nonreceptive fruits, but  thetic genes in ‘Passe-Crassane’ payrys

Holding fruit at 20°C without GH,imme-  that a chilling treatment may also be required communis_.) fruits. Plant Mol. Biol. 33:847—
diately after harvest resulted in little softeningorior to the GH,treatment. Contrary to these  855.
or change in skin color in fruit from all threelatter findings, we were able to induce ripenlooney, N.E. 1972. Interaction of harvest maturity,
growing locations. The resistance to ripeningng in ‘Bartlett’ pears, including induction of ~ cold storage, and’ two growth regulators on
was probably a result of very low ACS andACS and ACO activity, without cold storage, gp?”ég%‘f SBé""lett pears. J. Amer. Soc. Hort.
ACO activity and consequently lowlg, pro- by treating with 10 Pa £, at harvest. Cl. 9/:61=03. ) -

g - . S - . S , McGuire, R.G. 1992. Reporting of objective color
duction. Ethylene treatment at harvestinduced Ourfindings with California‘Bartlett’ pears ™ oo<\ ,rements. HortScience 27:1254—1255.
ripening of fruit from all three locations within suggest that 4 weeks of cold storage atG-1 jjtchell, F.G. 1990. Postharvest biology and tech-
7d at 2(°C, and the rate of fruit ripening wasor treatment with 10 Pa2_6_4_at harvest stimu- nology of European pears, p. 1-13. In: Pear
equivalent to or faster than that of fruit colddates ACS and ACO activities upon transfer of  production manual. Dept. of Pomology, Univ.
stored for 2 weeks (Lake and Mendocino) or #he fruit to 20°C and results in satisfactory  of Calif., Davis.
weeks (Sacramentopf the three pear-grow- ripening. If faster ripening is desired afterPuig, L., D.M. Varga, P.M. Chen, and E.A. Mielke.
ing locations studied, distinct differences irshort cold storage durations (<4 weeks), the 1996. Synchronizing ripening in individual
ripening characteristics were evident. In gerfruit should be treated with exogenougigat g’gzleztt? pears with ethylene. HortTechnology
eral, fruit from Lake and Mendocino Countiegthe start of ripening. Our data indicate that the,_~-< " =" . )

g . . . : fakiotakis, E.M. and D.R. Dilley. 1974. Induction
ripened faster in response to a given length oéte of ripening that can be expected at retail ~ ethylene production in ‘Bosc’ pears by
cold storage than did fruit from Sacramentanarkets oratcanning facilities depends greatly postharvest cold stress. HortScience 9:336-338.
County. The differences between locations aren the length of the cold storage period prior t9an Eeden, S.J., J.G.M. Cutting, and J.C. Combrink.
probably related to the more advanced maturitypening; ‘Bartlett’ pears may ripen to 14 N 1991. Ethylene and ACC levels during and after
of the fruit from Mendocino and Lake Counties(ready to eat) within 2.5to 7 d depending upon  controlled atmosphere storage of ripening
(data not shown), resulting in pears with dhe length of prior cold storage. ‘Beurre Bosc’ pears. J. South African Soc. Hort.

higher capacity to ripen (Agar et al., 1999a). W Sci. 1%9“\‘/\2/“ Mellenthi dE H
Advanced maturity of the Mendocino and Lake _ _ ang, C.Y., W.M. Mellenthin, and E. Hansen.
Literature Cited 1971. Effect of temperature on development of

fruitcould be fe\_"denced by slightly higher ACS premature ripening in ‘Bartlett’ pears. J. Amer.
and ACO activity at harvest than that of Sacraagar, I.T., W.V. Biasi, and E.J. Mitcham. 1999a.  Soc. Hort. Sci. 96:122—125.
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