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Introduction 

The blue mold fungus (Penicillium expansum Lk. emend. Thom.) 
is the most important decay organism of apples from the Pacific 
Northwest. Estimates indicate that 65 to 75 percent of the total 
rot in stored apples is caused by this fungus (3, 73).1 From these 
data together with crop production and valuation statistics (11), it is 
estimated that there has been an average annual loss of $1,134,112 
in Washington apples from blue mold since 1939. 

The existence of a relationship between bruising and the decay of 
apples has long been recognized because of the obvious association of 
decay with badly bruised fruits. However, little work has been done 
to show the relation between the amount of bruismg and subsequent 
decay development. Most studies of the bruising problem have been 
concerned with the relative numbers and severity of bruises occurring 
in the various stages of handling from tree to table (6, 7, 8, 9, 10, 12) 
and with the direct economic effects of this damage. Fisher (3) 

1 Ttalic numbers in parenthes a ere Cited, p. 14. 

268381—53 Z Lai < ‘ F AGRIG 1 
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stressed avoidance of bruismg. Baker and Heald (1, pp. 26-27) 
stated: 

During the past 2 years occasional apples have been seen that had one to many 
lenticel infections on the margins of bruises and of flattened areas produced by 
contact with the box or with other fruit. It is thought that localized pressure 
may rupture the layer of cutinized cells in the lenticel basins and thus increase 
susceptibility. 

The same authors in a later publication mentioned that the number 
of infectible lenticels was increased by bruising (2), and English and 
his coworkers (4) noted that many lenticel infections were found in 
bruised areas. 

Preliminary tests (1/4) that demonstrated bruised areas of 
Delicious apples were much more susceptible to blue mold decay 
than nonbruised tissue, and contemporary investigations (7) that 
disclosed the large numbers of bruises that occur in the harvesting 
and packing operations, emphasized the need for further research on 
the relation of bruising to subsequent decay. These investigations 
were made during 1947, 1948, and 1949. 

Materials and Methods 

In order to study the influence of maturity on severity of bruising 
and on the consequent blue mold infection in 1947, the required 
numbers of Delicious apples were picked from 1 tree in each of 3 
orchards. The early-maturity fruits were harvested at Monitor, 
Wash., on September 19, the medium-maturity apples at Wenatchee 
on September 22, and the advanced-maturity apples at Orondo on 
September 29. ‘ 

The 1948 tests were designed to determine the influence of ma- 
turity and ripeness on bruising damage and subsequent decay of 
apples removed from storage at intervals during the storage season. 
The apples for these investigations were harvested from one tree in 
the Wenatchee area on September 21 and again on October 16. 

The 1949 studies of decay susceptibility of bruised tissue at various 
intervals after bruising, and of the effect of cooling rate and storage 
temperature on retardation of infection at bruises, were made on 
apples of optimum maturity picked from one tree in the Wenatchee 
area on September 26. 

Throughout the investigations the apples were carefully picked by 
the writers to avoid the bruising incidental to commercial picking. 
All fruits were placed in storage at 31° F. on the day picked. The 
apples were then composited into separate lots for bruising or for 
puncturing, moculation, and pressure testing. 

Apple bruises are of various types, including small deep indenta- 
tions caused by contact with picking-bag frames, numerous sharply 
defined nicks or dents caused by the washing and packing equipment, 
or flattened surfaces with varying depths of injured tissue that result 
from rough dumping of boxes or pressure against the walls of the 
package. Since it was not feasible to duplicate all types of bruises, 
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standardized bruises were produced throughout these experiments by 
pressing a cheek of each apple by hand on the platform of scales 
that had been preset either at 40 pounds for a slight bruise or at 75 
pounds for a severe bruise. When the pressure exerted on the plat- 
form deflected the weight arm, the pressure was released. In this 
manner, uniform flat-surface bruises were made that did not visibly 
rupture the skin. 

Two bruises were produced on each apple in all of the experiments. 
A few minutes after bruising, two measurements of the bruise diam- 
eter were taken at right angles to each other, and the average of the 
two was considered the bruise diameter. Only severe bruises were 
produced on the test fruit in 1948 and 1949. 

Inoculating was done by dipping fruit for 10 seconds in a blue mold 
suspension prepared by stirring 3 to 5 (constant number for each 
experiment) 1-week-old petri plate cultures of blue mold in a Waring 
blender with a little tapwater. This mixture was made up to 16 
liters with tapwater in the dip tank. Unless specifically stated 
otherwise, the test fruit was inoculated within 1 hour after it was 
bruised. In 1947 inoculated fruits were held 24 hours at ordinary room 
temperature before they were returned to cold storage at 31° F., 
but in 1948 and 1949 the holding period at room temperature was 48 
hours. Inspections of bruised and inoculated apples began after a 
30-day cold-storage period and were repeated at 4 biweekly intervals. 

To study the rate of enlargement of decaying areas, apples were 
punctured with a blunt instrument that made uniform injuries \ 
inch deep and \%. inch in diameter. As soon as each lot of fruits was 
punctured, it was inoculated as previously described, held at room 
temperature for a period to allow infection to occur, and then placed 
in storage at 31° F. In 1947 the period at room temperature was 
24 hours, and decay diameters were measured after 15, 25, and 55 days 
of storage. In 1948 the imcubation period was 48 hours, and de- 
cayed areas were measured at weekly intervals after the first 10 days 
of storage. Decay diameters were measured in the same manner as 
bruise diameters. 

Fruit firmness was determined with a Magness-Taylor pressure 
tester, using a %.-inch plunger. Readings were taken on 3 pared sur- 
faces of each apple in 10 fruit samples. 

The influence of cooling rate and cold-storage temperature on 
decay infection at bruises was studied in 1949 by bruising and inocu- 
lating about half the fruits in each of three packed boxes of Delicious 
apples (size 72). The unbruised, uninoculated fruits m each box 
constituted the checks. A Ryan thermograph was placed in the 
center of each box of fruit. One box was placed in storage at 31° F. 
at the laboratory and the remaining two were put in commercial 
apple-storage plants within 3 hours. All boxes were placed in ex- 
posed locations to insure maximum cooling. After 29 days the 
boxes were removed from the commercial plants and brought to the 
laboratory, where all three were inspected for decay. All the boxes 
were then held in the laboratory cold storage for 8 weeks, during which 
period they were reinspected at biweekly intervals. 
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Factors Related to Bruising 

Maturity 

Firmness decreased with advancing maturity (tables 1 and 2), 
and bruising, whether severe or slight, produced damaged areas of 
greater size on apples of advanced maturity than on less mature fruit. 

TaBLE 1.—Firmness of Delicious apples at tume of bruising and average 
diameter of bruises, harvest of 1947 

Slight bruises ? Severe bruises 3 

i Average 
Maturity ! 

z firmness Fruits Average Fruits Average 
tested diameter tested diameter 

| 

Pounds Number | Centimeters | Number | Centimeters 
Barlye ¢ sheik 14.9+0. 19 120 | 2. 31+0. 02 128 3. 18 +0. 03 
Mediume=12) seger 14.3+0. 18 124 | 2.41+0. 02 122 3. 26+0. 08 
Advanced =a) 542) 12. 6+0. 38 150 | 2.45+0. 05 144 3. 40+0. 05 

1 Karly-, medium-, and advanced-maturity fruits, respectively, were harvested 
at Monitor, Wash., on September 19, at Wenatchee on Sept. 22, and at Orondo on 
Sept. 29. 

2 Slight bruises produced by pressure of 40 pounds. 
3 Severe bruises produced by pressure of 75 pounds. 

TaBLeE 2.—Relation of maturity and firmness of Delicious apples at 
time of bruising to diameter of brusses, harvest of 1948 

| 
Immature fruits ! 

Date of bruising 
Average 
firmness 

Pounds 
Ath ary estes 242) s2ee 4 ie 16. 1+0. 19 
Docs letaeas Se eee 15. 8+0. 15 
Webel ss ee eee es 14.0+0. 138 
Misr. 2a SES ee gs 13. 0O+0. 14 

1 Picked Sept. 21. 

Average 
diameter of 
bruises 2 

Centimeters 
2. 90+0. 02 
3. 13+0. 03 
3. 19+0. 02 
3. 20+0. 02 

Overmature fruits 3 

Average 
iver see diameter of 

bruises 2 

Pounds Centimeters 
15. 3+0. 16 3. 04+0. 02 
14. 8+0. 13 3. 2140. 04 
13. O+0. 13 3. 60+0. 04 
11.5+0. 12 3. 54+0. 03 

2 A total of 36 bruises was produced on each lot at time of bruising. 
3 Picked Oct. 16. 
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Ripeness During Storage 

In 1948 the effect of maturity and ripeness on severity of bruising 
was studied. ‘The apples were bruised at intervals during the storage 
season. 

Pressure-test data were obtained (table 2) to indicate the differences 
in firmness of the immature and overmature fruits. The pressures 
dropped significantly during storage, as shown by readings taken in 
December, February, and March, but the differences in firmness at 
harvesttime were maintained as ripening progressed in cold storage. 

Bruise: diameters were increasingly large on lots of apples bruised 
as the storage season advanced. Bruises on the overmature fruits 
were consistently larger throughout the storage period than those on 
immature fruits. 

The results of this investigation show that in the commercial han- 
dling of overmature and ripened apples, extra care should be taken 
to avoid additional bruise damage. 

Factors Related to Infection 

Bruising 

A comparison of decay at bruised areas with that at nonbruised 
areas of the same fruits following inoculation with blue mold indi- 
cated that many times more decay develops in bruised tissue than in 
nonbruised tissue, the amount of decay being dependent upon the 
severity of bruising. In 1947 comparatively little decay developed 
even on bruised fruit, when it was not inoculated, and no decay was 
jenn in the apples that were neither bruised nor inoculated. (See 
table 3.) 

Increased decay susceptibility caused by bruising was demon- 
strated again in 1948 (table 4). All the overmature apples bruised 
and inoculated, after they had been held in cold storage until February 
and March, developed decay in the bruises, whereas only 17.6 and 15 
percent of these apples, respectively, decayed in nonbruised areas. 

Bruising of apples with the blue mold fungus present occurs 
throughout the commercial preparation of this commodity for con- 
sumption. Extremely favorable conditions for inoculation are pro- 
vided, however, when wet apples are handled roughly. Such condi- 
tions occur in handling apples that have been exposed to rain in the 
orchard after picking, and in handling sweating fruit after its removal 
from cold storage, or during the washing and packing operations. 

Maturity 

Maturity of the fruit markedly influenced bruise damage in 1947 
(table 1) and in 1948 (table 2). The results of inoculation studies 
for those years are summarized (tables 3 and 4). 
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TasBLE 3.—Relation of maturity and severity of bruising to blue mold 
decay infections of Delicious apples, harvest of 1947 

SEVERE BruisEs ! 

Kind and time of | 
treatment 

Masurity F BUG) 

harvest tested 
Bruising Inoculation 

Number 
Harlye es jl 

Harvest_-_-_-_-_ Harvest_-___|; Medium____ 30 
Advanced __ 33 

BaA\iZ) of: Hea, pep) ak els AGR n e REA e e S| Rageage Se . 

arly aos 33 
FIAT VES 22 oa ee eee Medium____ 31 

Advanced_-_- ou 

INVER ASC 2 Sle eo ee eee | ho ee pee ae | Se eee 

SLIGHT BRUISES 2 

Kary 30 
Harvest... Harvest____|{ Medium____ 32 

Advanced __ oi 

INVGT AGC ye | eye oc I ee ces 

Harve 2% fee 30 
PHanvesG. 2G een per pet veerey: Medium____ 30 

| Advanced __ 38 

Average? 22 |e) mans 2 Dip Sega pee eae eae | 

Hamly ej i ® 27 
Harvest____|; Medium 25 

Advanced __ 31 

VER ADCHL |.) RES ISRO) 1 nA: ee Se eee ah 

\i(dreyighiye oes 28 
Untreated____| Untreated __|; Medium____ 24 

Advanced __ 31 

Average i \ ot (eo) eS he aaie os S eee e 

Fruits infected 

1 Severe bruises produced by pressure of 75 pounds. 
22 bruises were produced on each apple bruised. 
3 Slight bruises produced by pressure of 40 pounds. 

Bruised 
areas | 

infected At At non- 
bruised | bruised 
areas areas 

Percent | Percent | Percent 
eed 35. 5 23974 
36. 6 66. 6 0 
led 96. 9 L2eel 

43.8 66. 3 La le 

0 oplisse 0 0 
1. 6 35 9 0 
ee Mot f Qi, 

1.0 2.0 9 

10. 0 20. 0 0 
15. 6 ols2 Sak 
REG Th 40. 5 24. 4 

Westie a ian es S 

iis) Pau ees Olay 0 
0 0 0 

0 0 0 

0 0 0 

fis Pap Pe ae See 
meee tine NHL iM bey yh Sule 8. 0 
ha Ne ATE 5 aie a 19. 4 

At ELSA | URS BEERS Om 

Bese AND fo Be i | 0 
SE gs J Le Sa 0 
LEE 1S ah eet eel ee 0 

0 

| 
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TaBLE 4.—Relation of maturity and ripeness of Delicious apples 
to blue mold infection after bruising at intervals during storage season, 
harvest of 1948 

Kind and time of Fruits infected 
treatment au 

Maturity at | Fruits ruised 
harvest tested ! a e eral At att 

Bruising | Inoculation poses bruised 
areas 

; Number | Percent | Percent | Percent 
mmature- _-__ 20 20 30. 0 0 

Harvest_.__| Harvest___- {Overmature 20 28 40. 0 0 
mmature- -_-- 2002 7s es SA eae 0 

Harvest -_ - (cee aes Pa) am a gs 5. 0 
Immature _ ___ 20 0 0 0 

Harvest-.../ Dec. 1---.-- Oe 20 5 10. 0 10. 0 
Immature_ _ __ 20 35 60. 0 0 

Dec. 1--_- Dee. 1------ ate ace 19 52 71.0 5.3 
Dee uous a DA (a (Stee | PG 0 

Gir paced. Overmature___ 7A.) Wiel sae 5 | pA TE nc 15. 0 
Immature -_-_- 20 0 0 5. 0 

Harvest_---| Feb. 1------ Ove OE 15 o 11.1 33. 3 
Immature_ _-__ 20 30 60. 0 5. O 

Feb. 1----- Feb. 1--_-_- Vor anee 17 68 | 100.0 17.6 
abcd cere rape so! PAG | ati aise aay le ope aL 0 

ota aie pare Overmature__- PAO Yi Sec sk A be 0 
Immature _ __-_ 20 0 0 0 

Harvest_.--| Mar, 21___- Hee euesls: 16 o 12. 2 18. 8 
} Immature___-_ 20 45 75. 0 0 

Mar. 21_--_| Mar. 21-__- NOceacee 20 70 | 100.0 15. 0 
Immature____ 7A Seah alte tals Fae Weyer 0 

Mar. 21_-_- NOeeeea eee 7A OH id Satie S| agen ee 0 
Immature____ 20 0 0 0 

Harvest_.._/------------ ese aans 20 Q 0 0 

1 2 bruises were produced on each apple bruised. 

The more mature fruits were much more susceptible to fungus 
invasion than fruits of early harvest maturity (tables 3 and 4). 
Bruising greatly increased the incidence of decay, and the over- 
mature fruits continued to be more susceptible than the immature 
ones. 

Immature and overmature apples in 1948 (table 4) showed little 
difference in amount of decay after bruising and imoculation at 
harvesttime. However, the effect of overmaturity at time of harvest 
became clearly evident as the apples were bruised and inoculated after 
intervals in storage. Ripening during storage accentuated the 
greater susceptibility of the overmature fruits to bruismg damage 
and resultant decay. 
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Ripeness During Storage 

Susceptibility to bruising damage increased with ripening of apples 
(table 2), and the number of bruises that decayed after moculation 
increased with maturity and ripeness of the fruit (table 4). Infected 
bruises on overmature apples increased from 28 percent at harvest to 
70 percent on apples that were bruised and inoculated late in March. 

The increasing susceptibility of bruised apples to decay with 
advancing ripeness is an important consideration for the shipper who 
is planning spring shipments of freshly packed apples. When late 
packing is necessary, every precaution should be taken to prevent 
bruising’; exposure to decay fungi in packing-house operations should 
be kept at a minimum; and the packing operation should be so 
timed that packed fruit can be shipped and marketed in the shortest 
possible time after packing. 

Time of Inoculation After Bruising 

During the 1948 study of the effect of ripeness on bruising damage 
and decay, many of the bruises produced at harvesttime lost their 
susceptibility to decay invasion when inoculated later in the storage 
season (table 4). Since the reduction of susceptibility to decay 
occurred prior to December 1, a study was made in 1949 to find how 
soon after bruising the damaged tissue became resistant to decay 
infection. 

In the experiment, one lot of apples was bruised and inoculated at 
harvesttime and compared with other lots so treated after 3, 10, 17, 
31, 45, and 75 days of storage at 31° F. Additional lots were bruised 
at harvest, then inoculated after these same intervals of storage for 
comparison with those freshly bruised and inoculated. Pressure 
tests periormed at harvesttime showed an average firmness of 15.3+ 
0.19 pounds, whereas the same tests at the end of the 75-day storage 
period on apples comparable to those bruised and inoculated at 
harvesttime, showed an average firmness of only 12.9+0.15 pounds. 
This indicated that a significant softening of the apples had taken 
place during the storage period. No statistically significant varia- 
tion in size of bruises was noted on fruits bruised at intervals up to 
and including 45 days after harvest. Bruises produced 30 days later 
(or at the end of the 75-day test period, which terminated approxi- 
mately December 10) were significantly larger, indicating that there 
was a marked correlation between loss of firmness of the apples and 
bruise damage (table 5). 

Delayed inoculation after bruising resulted in less infection than 
inoculation at the time of bruising (table 5). Twenty percent of the 
bruises produced at harvesttime and inoculated with blue mold im- 
mediately became infected, whereas only 2.5 percent of the bruises 
made at harvest and inoculated after 3 days in storage decayed. On 
the other hand, 57.6 percent of the bruises produced after 3 days in 
storage and inoculated immediately became infected. No decay oc- 
curred on fruit bruised at harvesttime and inoculated after intervals 
in storage of more than 3 days, except in the lot inoculated after 31 
days. In this lot, 10 percent of the moculated bruises decayed. 
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The loss of susceptibility of bruises to decay within the 3-day 
period was probably caused by changes occurring in the injured tissue 
of the bruised area that rendered this substratum less favorable to 
fungus infection. Desiccation of the injured tissue may have been 
a factor in bringing about such a change. 

TasiEe 5.—Relation of time interval between bruising and inoculation of 
Delicious apples to average diameter of bruises and the development of 
blue mold infections, harvest of 1949 

Kind and time of treatment 
; Fruits 

(days after harvest)! Average Bruised a Poet eatat 
diameter areas bruised 

of bruises 2 infected ct preach 
Bruising Inoculation ances 

Centimeters Percent Percent 
(1) Sat A ieee ee (ee tes 3. 20+0. 04__- 20. 0 0 
(0) athe OP ia SCO 75s a <a eee ce 0 0 a 

Ei TES GRRE || ma a ec Ae 30. 
(0) 2 SR Ra ae ae Te a es | 2 2. 5 0 
pees hes te eR Cael eet A ean 3. 18+0. 03__-_ 57.6 20. 0 
OB A SI Ie fe | 8 a al 0 5. 0 

BY ed SA DN Mela BAY tS he A | CR Dee Ee ca ee 10. 0 
(epee DRA: pad ieee LEQ) ico aa rey cars ic Pek a a 2 I ay 0 5. 0 
Mi) ee eters Dia isa a oo OS eh cc ey 3. 1940. 02___ 47. 4 7.9 
Meee rete ee ur Me es Con Ms Me Cl 0 0 

TAD) Shee ecl a BM Lis Greeny Mell gl le 15. 0 
A) eine ee Ltd IRS TE Zoe 2 OE SN a GOR TSS Za a 0 10. 0 
WG pee a tries hate £9 IE Sere dl ek 2 a ay ve 3. 24+0. 03__-_ 30. 0 5. 0 
Wee Ee ery ro et aa 0 0 

1 Ff shat ne RN CD ec re 20. 0 
De Bait Sa Riles ies een al tk. ae eel ei 10. 0 25. 0 
Bile aes 5 0 Ge ode ORR at By listag a nese MOEN 3. 18 +0. 03__ 45. 0 5. 0 
SNL Se eS eT Ar a ale ae 0 0 

33 AL a one ial IS | inde JA CAMRY ma 10. 0 

a ea ne re AIS sh Sy aR, A eg See 0 10. 0 
Ay aeren ieas Ae ee RE 2 Us est eu Sil hal 3. 22+0. 02___ 340 10. 0 
AUIS aS Pas Sa MN y(n 0 0 

ZEW ah nS gh TENURE. 5 AAR = OG fe a ry S 10. 0 
(Osage AI aU ae tha RR U5 AA EA ed See 0 5. 0 
eo rts is Seek eee Oi tats AUN eg ea 3. 50+0. 07__- 22:15 5. 0 
TBS Ss oi NN a EGS Gee | 0 0 

Ree COIN US Bere ek ONE PU CE ES et 5. 0 
Wntreated= 3s. 2... Wintreatediss say ch eee. eee sat 0 

1 20 apples were used in each lot. 
2 2 bruises were produced on each apple bruised. 

Factors Related to Decay Development After Infection 

Maturity 

To determine the effect of maturity and ripeness of apples on the 
rate of growth of the blue mold fungus in apple tissue, tests were 
made of the rate of decay enlargement in punctured and inoculated 
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fruits harvested in 1947 and 1948 (tables 6 and 7). The apples used 
for these studies were a part of those harvested for the bruising 
investigations. 

TABLE 6.—Average diameter of blue mold decay lesions on punctured ! 
and wmoculated Delicious apples at intervals of 15, 25, and 55 days 
in 81° F. storage, harvest of 1947 

Average diameter of decay lesions after— 

Maturity pale ) 
15 days 25 days | 55 days 

Pounds Centimeters | Centimeters | Centimeters 
air lays oe pak 14.9+0.19 | 1.62+0. 04 | 2.38+0. 05 4.64+0. 04 
Mechum=———) = = 14,.3+0.18 | 1.61+0.05 | 2.40+0. 05 4.77+0. 05 
AGivance@e so. 2- ape tas 12, 60) 38. | 1. 550. 05 | 2. 31+0. 04 4. 55+0. 06 

121 punctures were measured except on fruits of advanced maturity, on which 
19 were measured. 

In 1948 immature and overmature apples from one tree were 
punctured and inoculated at harvest and at intervals until March 21. 
Measurements of diameters of the decayed areas were begun 10 days 
after puncturing and inoculating (table 7). The immature apples 
were held in storage until October 18 so that they could be punctured 
and inoculated at the same time as the first of the overmature fruits. 

There was no relationship between the maturity of apples and the 
rate of decay enlargement, once infection was established (tables 6 
and 7). 

These findings are not in complete agreement with similar in- 
vestigations by Baker and Heald (2). Their data indicated that 
the rate of growth of blue mold was greater in Delicious apples of 
prime maturity than in apples of early maturity. They stated, how- 
ever, that the difference, aithough statistically significant, was slight, 
and they were of the opinion that maturity was of small importance 
in determining the internal resistance to decay expansion. 

Ripeness During Storage 

The rate of decay expansion remained the same throughout the 
storage period regardless of the progressive ripening of the apples 
(table 7). These results are in agreement with those of Baker and 
Heald (2) for a storage period of 180 days. However, in their study 
of decay-expansion rate in punctured and inoculated Delicious apples 
during the storage period, they found that a marked advance of decay 
enlargement rate occurred after a storage period of 180 days (approxi- 
mately April 1). The increase in rate of expansion continued until 
the end of the test period of 240 days. The present studies were 
terminated with the March 21 series. 
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Cooling Rate and Storage ‘Temperature 

It is generally known that rapid cooling after harvest and main- 
tenance of fruit temperature at approximately 31° F. add considerably 
to the storage life of apples. 

The air temperatures at the center of the packed boxes of apples 
were recorded by using Ryan thermographs (fig. 1). In these tests, 

75 

BOX B ----= 
65 BOX..¢ == 

— 60}—! 
Si i\ 
WW il 
x 5i5 aca 

=) i\ 
& ' 
e 00) -\— 
uJ 
a 

= 
uJ 
= 

e 
a 

| 3 5 7 S) I 13 15 17 (Saal 23) Un2o mee ae 
DAYS 

Figure 1.—Air-temperature records at center of packed boxes of bruised and 
inoculated Delicious apples harvested in 1949: Box A cooled slowly and reached 
35° F. the 15th day; boxes B and C cooled rapidly and reached 32° the 5th 
and 4th days, respectively. 

box B was held in the laboratory cold storage durmg the entire test, 
while boxes A and C were stored in commercial apple storage rooms 
for the first 29 days of the test and were then transferred to the 
laboratory storage for the rest of the storage period. 

Boxes B and C cooled rapidly at similar rates (fig. 1), but the 
temperature in box C held uniformly at 32° F. during most of the 29- 
day storage period, dropping in two instances to a minimum of 31°; 
whereas that for box B fluctuated generally between 32° and 34°, 
dropping once to a minimum of 31°. Box A, in contrast, cooled much 
more slowly and reached a 35° minimum temperature on the 15th 
day, while boxes B and C reached a 32° temperature after 5 and 4 
days, respectively. 

These temperature differences strikingly affected inception of blue 
mold decay on the bruised areas of the apples (table 8). At the first 
inspection, 33 percent of the bruises in box A were decayed in contrast 

to 8 and 1 percent, respectively, of those in boxes B and C. At the 

second inspection, 2 weeks later, 51 percent of the bruises in box A 
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and 22 percent of those in boxes B and C were decaying. The fifth 
(and final) inspection, at the end of 8 weeks, showed the decay in 
boxes B and C to be nearly as great as that in box A. 

TaBLE 8.—Blue mold decay of Delicious apples that had been bruised, 
inoculated, and held in storage for 29 days at different temperatures, 
then placed in laboratory cold storage from which inspections were 
made at biweekly intervals, harvest of 1949 

Box A Box B Box C 

Inspection Decay | P ce Decay oe Decay peony 
at at at 

| non- ° hnon- ° non- 

yay eee bruised pie bruised oh used bruised 
areas areas areas 

Ist (29th day of stor- | Percent | Percent | Percent | Percent | Percent | Percent 
33. 4 5. 6 8.3 ROC) ceca ene oe : 0 1. 4 0 

DA Gis sas ia Ee ea 51. 4 5. 6 22. 2 0 22. 2 0 
YG Se oe are AS ake aa ag 52. 8 8. 3 38. 9 8. 3 38. 9 0 
Alves cai ree Se Sree 2 55. 6 8.3 47.3 8. 3 47.3 0 
LSS 6] Oe on sap ea eee 55. 6 8.3 50. 0 | 8. 3 47.3 5. 6 

A similar relation existed on the unbruised portions of the apples. 
The apples in box A had 5.6 percent decay at the first inspection; this 
increased to 8.3 percent during the subsequent inspections. No 
decay on unbruised portions of the fruits appeared in box B until the 
third inspection, when 8.3 percent was found, whereas in box C no 
decay of the unbruised areas occurred until the final inspection, when 
5.6 percent was found. 

No decay occurred in the apples that had been neither bruised nor 
inoculated. 

These results reemphasize the importance of rapid cooling of apples 
and of maintaining adequate cold-storage temperatures during their 
entire handling, to prevent decay at bruises during the storage period 
and to retard decay after removal of the fruits from cold storage. 

Summary 

An association between bruising and susceptibility to decay has 
long been observed, but there has been little experimental data on the 
relation between them. The present studies illustrate the suscepti- 
bility of bruised tissue to blue mold decay, the influence and relative 
importance of such factors as maturity and ripeness of apples on 
bruising damage and subsequent decay, and the effects of handling 
methods on decay development in bruised fruits. 

Bruising damage, measured by the diameter of the bruised area, 
was found to relate directly to the firmness of the apples and, conse- 
quently, to increase with advanced maturity and ripeness. 

Decay after inoculation of freshly made bruises increased with 
bruising damage and with softening of the fruits as a result of matura- 
tion and ripening. , 
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Susceptibility of bruises to decay decreased during storage of the 
bruised fruit; this reduction was marked after only 3 days. 

The amount of infection increased with advance in maturity and 
ripeness of the fruit, but these factors did not influence the rate of 
enlargement of the decaying areas once infection had occurred. 

Rapid cooling and subsequent storage temperatures of 31° to 32° 
F. during a 1-month period after bruising and inoculation, greatly 
retarded the development of decay in bruised tissue. 
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