adata, citation and similar papers at core.ac.uk

s % 5 SCIENCE@DIREOT' P9StharveSt

e Biology and

s Technology
ELSEVIER Postharvest Biology and Technology 36 (2005) 235-244

www.elsevier.com/locate/postharvbio

Improving biocontrol using antagonist mixtures with heat and/or
sodium bicarbonate to control postharvest decay of apple fruit

William S. Conway**, Britta Leverent2, Wojciech J. Janisiewid
Robert A. Saftnet, Mary J. Cam|§

2 Produce Quality and Safety Laboratory, Henry A. Wallace Beltsville Agricultural Research Center,
Agricultural Research Service, US Department of Agriculture, Beltsville, MD 20705, USA
b Appalachian Fruit Research Station, Agricultural Research Service, US Department of Agriculture,
45 Wiltshire Road, Kearneysville, WV 25430, USA
¢ Biometrical Consulting Service, Henry A. Wallace Beltsville Agricultural Research Center, Agricultural
Research Service, US Department of Agriculture, Beltsville, MD 20705, USA

Received 4 October 2004; accepted 26 January 2005

Abstract

‘Golden Delicious’ apples were wound-inoculated with eit@ailetotrichum acutatunor Penicillium expansumand then
treated with various combinations of heat (8 for 4 days, 2% sodium bicarbonate, and two biocontrol agents alone or
combined. The fruit were stored for 4 months a€Cland then at 20C for 2 weeks. Either heat or the antagonists reduced decay
caused byC. acutatumbut a combination of the two was required to completely eliminate decay caused by this pathogen in
most cases. Sodium bicarbonate alone or in combination with the antagonists had little e€eetontatum The antagonists
alone reduced decay caused®yexpansunbut tended to be more effective when combined. Sodium bicarbonate increased
the effectiveness of decay control by each antagonist alone or in combination. All of the treatments that included heat virtually
eliminated decay caused by this pathogen. The proper combination of alternative control measures can provide an effective
strategy to reduce postharvest decay of apple fruit.
Published by Elsevier B.V.

Keywords: Biological control;Cryptococcus laurentiiMetschnikowia pulcherrima

1. Introduction contamination with chemical residueRggsdale and
Sisler, 1994. A recent (October 21, 2003) report by
The use of fungicides has been becoming increas- the Environmental Working Groupvvw.ewg.org in-
ingly more restricted because of health concerns due todicated that apples are among the top four fruits and
vegetables that are the most consistently contaminated
"+ Corresponding author. Tel.: +1 301 504 6980; V\(ith_ pesticides. Many of_ th_e fungic_id_es such as be_n-
fax: +1 301 504 5107. zimidazole and dicarboximide fungicides that are still
E-mail addressconwayw@ba.ars.usda.gov (W.S. Conway). available for use are losing their effectiveness because
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of the development of resistance in many postharvest ological control is generally more variable than for
pathogensl{ennox and Spotts, 2003Also, there are  fungicides since biocontrol is affected more by envi-
no postharvest fungicides registered for some fruits ronmental factors. There is also a narrower spectrum
but postharvest pathogens continue to cause significantof activity than is found with chemical control. While
losses. It is therefore necessary to find alternatives to heat treatment is very effective in eradicating decay
control postharvest pathogens. Various methods haveif infection occurs prior to heating, it has little pro-
been investigated, and although they show promise, tective effect if infection occurs after heatingléin
none alone has been found to be as effective as fungi-et al., 1997. Also, while heat treatment is effective in
cides. It is therefore necessary to develop a strategy eradicating infection bfp. expansunit is much less ef-
which combines several of these alternatives that may fective againsC. acutatum(Janisiewicz et al., 2003
equal the effectiveness of fungicides. Similarly, SBC is not effective in providing protection
Prestorage heat treatment has been investigated taf fruit are infected after treatmenSilanick et al.,
modify the ripening of commodities as well as control 1999.
of fungal decay and insects\{rie, 1999. Hot air treat- The treatments described above have been shown
ment (38°C for 4d) of apples after inoculation with  to be complementary to one another when applied
Penicillium expansuneither reduced or completely in combination, and therefore the combinations are
eradicated decay caused by this pathodevérentz more effective than any individual treatment. When
et al., 2000. Decay of apple fruit byColletotrichum an antagonist specific f&?. expansumvas combined
acutatumwas also reduced by this same heat treatment with one specific forB. cinerea the resulting mix-
but was not eradicated as in the casd?oéxpansum ture inhibited the development of both types of lesions
(Janisiewicz et al., 20Q3Heat treatment, while agood  (Janisiewicz, 1988 In another study, a combination
eradicant, has no residual activifyqlik et al., 1996. of yeasts resulted in better control of decay caused
Biological control is another alternative to chemical by B. cinereathan either antagonist alone and also
control that shows effectiveness in controlling posthar- reduced the variability in control level$s(etsky et
vest diseasesJénisiewicz et al., 2001; Janisiewicz al., 200). In a recent study, ‘Golden Delicious’ ap-
and Jeffers, 1997; Korsten et al., 1994; Usall et al., ples were inoculated with eith€. acutatunor P. ex-
2001; Wilson and Wisniewski, 1989; Zhou et al., pansumand then treated with heat (38) for 4 days,
2001). Gray mold caused byotrytis cinereaand SBC (3 or 1%), and/or heat tolerant antagonistic yeasts.
blue mold caused bf. expansunin decay of apples  Both antagonists reduced decay causedPhbgxpan-
and pears, both in laboratory and large scale stud- sum whereas heat or heat in combination with either
ies, have been controlled by bacterial and yeast an- antagonist eliminated decag@g¢nway et al., 2004 Ei-
tagonists Chand-Goyal and Spotts, 1996; Janisiewicz, ther heat or the antagonists alone reduced decay caused
1994; Janisiewicz and Marchi, 1992; Roberts, 990 by C. acutatumbut a combination of the two was re-
Postharvest pathogens of stone, citrus, and subtropi-quired to completely eliminate decay caused by this
cal fruit have also been effectively reduced by biocon- pathogen. Adding SBC to the heated or antagonist
trol (Janisiewicz and Korsten, 200Biocontrol agents  treated fruit had little effect on decay caused by either
are being used currently to control postharvest decay pathogen, but on non-heated fruit, it slightly reduced
of various fruits. Biosave (Ecoscience Corp., Orlando, decay caused i expansurfConway etal., 2004An
FL) has been used on pome fruits, citrus fruits, cherries increase in control of decay on oranges causededny-
and potatoes. cillium digitatum and Penicillium italicum occurred
Sodium bicarbonate (SBC, NaHG)Jhas also been  whenBacillus subtilisantagonists were combined with
used toreduce postharvest decay, mainly on citrus fruits SBC (Obagwu and Korsten, 20p2Combining SBC
(Barger, 1928 Itis readily available, inexpensive, and with another antagonist also improved decay control
poses little risk of phytotoxicity at the concentrations of P. digitatumon oranges and grapefruR¢rat et al.,
(1—4%) usedPRalou et al., 2001 2003.
Although many alternatives to chemical control Our research goal is to combine several alternatives
have been investigated, none, when used alone, is ado develop a control strategy that will be highly
effective as fungicides. The reduction of decay by bi- effective and reliable in reducing postharvest decay
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of apples. The objective of this investigation was to pensions used to inoculate the fruit were prepared
improve upon our previous decay control strategies from 10-day-old PDA cultures as previously described
by studying the effect of a mixture of antagonists, (Janisiewicz and Marchi, 1992
heat, and SBC treatments, alone and combined, on
reducing postharvest decay cause@bwcutatunand 2.3. Antagonists
P. expansum
The two antagonists used in this stu@yyptococ-
cus laurentii(ST4-E14) andVetschnikowia pulcher-

2. Materials and methods rima (FMB-24H-2), were originally isolated from the
surfaces of apple fruit. FMB-24H-2 was shown to be
2.1. Fruit heat resistantGonway et al., 200Awhile ST4-E14 is

not. The yeasts were grown in 50 ml of nutrient yeast-

Apples (‘Golden Delicious’) were harvested froma dextrose broth medium in 250 ml-Erlenmeyer flasks at
commercial orchard in Pennsylvania in the preclimac- 26°C on a gyratory shaker at 150 rpm for 24 h. Then
teric stage (the climacteric rise in G@nd ethylene  the cells were harvested by centrifuging at 7609
production had not yet occurred) and randomized for 10 min, resuspended in water, and the concentration
1 day after harvest. The respiration and ethylene was adjusted to & 10’ CFU mI~1 with a spectropho-
production rates were measured over a 7-day period attometer at 420 nm.
20°C at harvest and after storage for 2 and 4 months at
1°C followed by an overnight equilibration period at 2.4. Sodium bicarbonate
20°C. The respiration rate was measured using a gas
chromatograph (GC, 5890a Series Il; Hewlett Packard,  Solutions of SBC (Sigma-Aldrich, St. Louis, MO) at
Rockville, MD) with a thermalconductivity detector concentrations of 0% (control, water only) or 2% (w/v)
(TCD) for CO, detection and a flame ionization atpH 8.3-8.6 were used. Preliminary experiments were
detector (FID) for ethylene detectionzgmi et al., conducted to determine if the SBC concentrations se-
1996. Fruit firmness was measured using a manually lected were compatible with the antagonists.
controlled digital penetrometer (EPT-1 with an 11.1-
mm-tip; Lake City Technical Products, Kelowna, BC, 2.5. Fruitinoculation, heat treatment and lesion
Canada) set in the Magness—Taylor mo&aftner measurement
et al., 1998. The starch content of the non-treated
fruit at harvest was measured using the Cornell  The fruitwere wounded with a six-penny nail (4 mm
generic starch scale of 1-@8lénpied and Silsby, indiametertapering to a point) to a depth of 4 mm atthe

1992. equator, and 2pl of eitherC. acutatunor P. expansum
conidia alone, or the individual pathogens in combina-
2.2. Pathogens tion with one or both of the antagonists and/or either O

or 2% of the SBC solutions was placed in each wound.
The P. expansunisolate (MD-8) is an aggressive  Following inoculation, one lot of the fruit was stored
pathogen from our collection that has been used in in 1°C and a second similarly inoculated lot was heat
previous studiesGonway et al., 2004; Janisiewicz et treated as follows. Inoculated apples were tray-packed
al., 2003; Janisiewicz and Jeffers, 1997; Janisiewicz and placed in boxes with perforated polyethylene bag
and Marchi, 1992 The C. acutatumisolate was ob-  liners and then heated in a thermostatically controlled
tained from Kenneth D. Hickey, Penn State Fruit Re- (+1°C) walk-in chamber. The fruit were heated for
search Laboratory and Extension Service, Biglerville, 4d at 38°C and the relative humidity in the chamber
Pennsylvania and has also been used in previous testsvas maintained at >85%. The storage conditions were
(Conway et al., 2004; Janisiewicz et al., 2D0Both monitored with a hygrothermograph (Belfort Instru-
pathogens were grown on potato-dextrose-agar (PDA) ment Co., Baltimore). Following heat treatment, the
with virulence being maintained by periodic trans- fruit were stored at 1C until removal for evaluation.
fers through apple fruit. The # 10* conidia/ml sus- Both lots of fruit were evaluated for decay incidence
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and severity after 2 and 4 months alland again after 3. Results

an additional 14 days at 2C. The non-heateB. ex-

pansuninoculated control fruit totally decayed after2  3.1. Fruit

months in storage and were discarded following evalu-

ation. There were 45 fruit per treatmentinacompletely =~ The respiration and ethylene production rates

randomized design. Severity of decay was determined of the preclimacteric fruit at harvest were 355

by measuring the lesion diameters at each evaluation’5.6 nmol kg 's~1 and 0.4+ 0.0 pmol kg s, respec-

period. tively. Between 8 and 12 days after harvest, the fruit

entered the climacteric stage of development, as indi-

cated by rapid increases in the respiration and ethylene

production rates (data not shown). Heat treatment re-
The populations of ST4-E14 and FMB-24H-2 in the duced climgcteric respiration and ethylene production

wounds were determined immediately after inocula- 'ates following 2 months at“LC plus 7 days at 20C

tion and after the 4-day heat treatment (83 or cold and 4 months at 1C plus 1 or 14 days 20C (Table J.

storage (£C). Populations were determined again af- Wh|Ie_ h_eat treatment initially ha_d little or no effect

ter 2 and 4 months at°C, and after 4 months at’C on fruit firmness, heat-treated fruit were firmer follow-

followed by 2 weeks at 20C. The antagonists were re- Nd 4 months at 1C plus 1 or 14 days at 2CC. Heat

covered from four wounds per treatment by a procedure treatment increased the.starch score, i.e., decreased the
previously describeddonway et al., 2000 starch content of the fruit at harve3aple J).

2.6. Antagonist recovery

o . 3.2. Effect of treatments on decay
2.7. Statistical analysis
3.2.1. Decay severity

2.7.1. Decay severity and incidence The mean lesion diameters on the non-heated and
The severity of decay caused by either pathogen Wasy e q¢_treated control fruit were 29.1 and 4.6 mm, re-

determined by measuring lesion diameter at each time spectively Fig. 1). The lesion diameters of the FMB-

of evaluation. Since there was no significant decay on 4.2 and ST4-E14 treated fruit were 8.8 and 6.1 mm,

the fruitinoculated witfC. acutaturafter 4months at  egpectively, and there was no significant difference in

1°C, the fruit were stored for an additional 2 weeks at h¢ effectiveness of either antagonist alone in reducing
20°C before determining decay incidence and Severity. yecay, although the trend seemed to favor ST4-E14,
The resulting data were analyzed as a one-factor lin- e heat sensitive antagonist. Heat in combination with

ear model using PROC MIXED (SAS Inst.) with reat-  £yig.o4H.2, the heattolerant antagonist, provided bet-

ment as the effect. The assumptions of the linear model o ¢ ontro| than either heat or the antagonist alone, since
were checked and the variance grouping technique Wasy, |esjons developed. Heat in combination with ST4-

used to correct for variance heterogeneity. The mean g14 provided better control than the antagonist alone
comparisons were done with Sidak adjuskdalues i, 5 lesion diameter of 1.2 mm but was not signif-

so that the experiment-wise error rate was 0.05. FOT jcantly better than heat alone with a lesion diameter

the lesion ingidence, a?-analysis of the treatments of 4.6 mm. SBC did not improve decay control when
was done using STATXACT 6 (Cytel Software Corp., gnpjied alone or in combination with heat or the antag-
2000). onists alone or in combination.
At all rating periods,P. expansuntaused signif-

2.7.2. Antagonist recovery icant decay kig. 2A—-C). The mean lesion diameter

The populations of the yeasts resulting from the of the control was 23.1 mm. Heat treatment was the
various treatments were analyzed as a one-factor lin- most effective treatment and it alone eliminated decay
ear model using PROC MIXED (SAS Inst.). The caused byP. expansunafter the 2-month storage pe-
assumptions of the linear model were checked and riod at 1°C (Fig. 2A). SBC alone was better than the
the variance grouping was used to correct variance control but only at the 2-month rating period with a le-
heterogeneity. sion diameter of 11.4 mm. FMB-24H-2 and ST4-E14
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Table 1
Maturity-related indices of non-heated and heat-treated ‘Golden Delicious’ apples stored in°&rfat Yarious periods of time
Treatment C@ production (nmolkg!s1) Ethylene production (pmol kgt s 1) Firmness K) Starch
At harvest

Non-heated 35.5% 5.6& 0.4+ 0.0a 89.9+5.9a 5.2t1.0a

Heated 38.2t 7.5a 0.7 0.1a 85.%+5.0a 7.4+ 0.5C
6d cold storage plus 7d at 2C

Non-heated 80.6- 8.7b 6.3+ 3.3a 86.74.9a 5.8£0.9b
2 Months cold storage plus 7 d at 20

Non-heated 114.% 6.1c 806.7+ 20.8e 73.9:7.0b

Heated 85.4+ 4.0b 744.44+ 29.2d 67.1H6.2C
4 Months cold storage plus 1d at 20

Non-heated 122.6 6.0d 625.7+ 26.3c 58.3t5.8d

Heated 77.4t 7.6b 105.9+ 22.6b 68.0t 6.5¢
4 Months cold storage plus 14 d at 20

Non-heated 105.¢ 3.6¢ 917.0+ 35.2f 51.4+3.7e

Heated 80.8+ 7.7b 714.2+ 65.4d 57.4-3.9d

a Within columns, symbols labeled with the same letter are not significantly different t05 using Holm-Sidak-adjusted multiple com-

parisons.

treated fruit had lesion diameters of 0.3 and 0.2 mm,
respectively. There was no significant difference in the
effect of either antagonist alone and the addition of
SBC to either antagonist did not improve decay con-
trol. After 4 months in cold storage, all of the non-

35
a
o4 %
25 4
@ No Heat
20 | Heat

Lesion Diameter (mm)

Fig. 1. Decay severity on ‘Golden Delicious’ apples inoculated with
C. acutatumand then subjected to treatments or treatment combi-
nations of heat (38C, 4 days), two antagonistd). pulcherrima
strain FMB-24H-2 (F) and/c€. laurentiistrain ST4-E14 (S), or 2%
sodium bicarbonate (SBC) after 4 months &Clplus 2 weeks at
20°C. Means with different letters are different at the 0.05 signifi-

heated control fruit were considered totally decayed
(Fig. 2B). There was a significant reduction in decay
when FMB-24H-2 was combined with SBC on non-
heated fruit, but there was no significant effect when
SBC was combined with ST4-E14 although the com-
bination tended to result in smaller lesions. The com-
bination of the two antagonists with SBC was the most
effective treatment on non-heated fruit. After 4 months
at 1°C plus 2 weeks at 20C, FMB-24H-2 or ST4-E14

in combination with SBC was significantly better than
the antagonist alone on non-heated fréiig( 2C). A
combination of the antagonists was significantly more
effective than FMB-24H-2 alone, but not better than
ST4-E14 alone, although again the combination tended
to result in smaller lesions. The most effective treat-
ment on non-heated fruit, as it was on fruit stored for 4
months, tended to be a combination of the antagonists
with SBC.

3.2.2. Decay incidence

The incidence of decay was rated by counting the
number of fruit inoculated with either pathogen that
had no lesions. The number of apples without lesions
inoculated withC. acutatumby treatment and stor-
age time is shown iMable 2 A x?-analysis of the
16 treatments using STATXACT 6 (Cytel Software
Corp.) showed that there was no difference in the fre-

cance level. Bars without letters were not included in the analysis as dUency distributions after 2 months in storage. Af-

there was zero variance.

ter 4 months, the frequency distributions were not all
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Fig. 2. Decay severity on ‘Golden Delicious’ apples inoculated with
Penicillium expansurand then subjected to treatments or treatment
combinations of heat (3&, 4 days), two antagonists]. pulcher-
rima strain FMB-24H-2 (F) and/o€. laurentii strain ST4-E14 (S),

or 2% sodium bicarbonate (SBC) after 2 months (A) and 4 months
(B) at 1°C and after 4 months at’C plus 2 weeks at 20C (C). Bars
with different letters are different at the 0.05 significance level. Bars
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Table 2

Number of apples without decay (out of 45 per treatment) at various
sampling times on fruit inoculated wit@. acutatumand subjected

to various treatments

Treatment Sampling time

Antagonist SBC® Heaf 2Months 4 Months 4 Months
+2 weeks

S+F + + 45 45 45

S+F - + 45 45 45

F — + 45 45 45

F + + 45 45 44

S + + 45 45 41

S — + 45 45 40

C + + 45 45 39

C - + 45 45 29

S+F - - 45 45 24

F — - 45 45 15

S+F + — 45 43 13

S — - 45 45 12

S + — 45 44 12

F + — 45 45 4

C + - 45 27 0

C — - 45 21 0

a S, antagonist ST4-E14; F, antagonist FMB-24H-2; C, control.

b Concentration (2%) of sodium bicarbonate (SBC); +, treated,
not treated.

¢ Heat treatment (38C, 4 days); +, treated;, not treated.

the same 2 =302.81,P-value <0.0000). The top 14
treatments were not statistically differenf= 12.02,
P-value =0.2069). The top 15 treatments were sta-
tistically different (x2=220.9,P-value <0.0000). Af-
ter 4 months in cold storage plus 2 weeks af@0
the frequency distributions were also not all the same
(x?=411.5 P-value <0.0000). The top four treatments
were not statistically differenty€ =3.02,P=0.3890).
However, the top five treatments were statistically dif-
ferent (x>=12.27,P-value =0.0335). In general, on
heated fruit, if no antagonist was present, then SBC
was helpful. However, if either or both antagonists were
present, SBC did not improve control Gf acutatum

In the case oP. expansun(Table 3, a x2-analysis
of the 16 treatments showed that the frequency dis-
tributions were not all the same after 2 months in
storage g2 =631.5, P-value <0.0000). Further anal-
ysis showed that the top 13 treatments were not
statistically different §2=18.76, P-value =0.2149).
The top 14 treatments were statistically different

with no letters were not included in the analysis as there was zero (x2=45.07 P-value = 0.0002). After 4 months, the fre-

variance.

quency distributions were not all the samé € 485.8,
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Table 3

Number of apples without decay (out of 45 per treatment) at various
sampling times on fruit inoculated with expansunand subjected

to various treatments.

Treatment Sampling time

Antagonist SBC® Heaf 2Months 4 Months 4 Months

+2 weeks

C — + 45 45 45
C + + 45 45 45
F — + 45 45 45
S - + 45 45 45
S + + 45 45 45
S+F - + 45 45 45
S+F + + 45 45 45
F + + 45 44 44
S+F + — 45 45 43
S + — 45 42 41
F + — 45 40 36
S+F - — 44 37 32
S - — 43 30 25
F — — 40 25 13
C + - 3 1 1

C — 0 0 0

2 S, antagonist ST4-E14; F, antagonist FMB-24H-2; C, control.

b Concentration (2%) of sodium bicarbonate (SBC); +, treated,
not treated.

¢ Heat treatment (38C, 4 days); +, treated;, not treated.

Table 4

241

P-value <0.0000). Further analysis showed that the
top nine treatments were not significantly differ-
ent (x2=8.02, P-value=1.000). The top 10 treat-
ments were statistically differenty{=23.36, P-
value =0.0054). Similarly, after 4 months plus 2
weeks, the frequency distributions were not all the
same {2 =474.3,P-value <0.0000). Further analysis
showed that the top 9 treatments were not statisti-
cally different (x*>=12.09, P-value =0.1473). How-
ever, the top 10 treatments were statistically differ-
ent (x2 = 23.36,P-value = 0.0054). Interestingly, after

4 months and after 4 months plus 2 weeks, the combina-
tion of the two antagonists plus SBC was significantly
more effective than either antagonist alone, a combina-
tion of the two antagonists, or either antagonist alone
combined with SBC on non-heated fruit.

3.3. Antagonist recovery

The populations of the antagonists in the wounds
determined immediately after inoculation ranged from
4.65 to 5.01 log CFU/wound and there was no signifi-
cant treatment effect at this time. The antagonist ST4-
E14 was not tolerant to heat and was therefore elimi-
nated on fruit subjected to heat treatméfatt{le 4. The

Recovery (log CFU/wound) dfl. pulcherrimastrain FMB-24H-2 (heat resistant) 6. laurentiistrain ST4-E14 (heat sensitive) from ‘Golden
Delicious’ apples which were heated (38 C, 4 days) (+) or non-heatgdr{d/or treated with 0) or 2% (+) solutions of sodium bicarbonate

(SBC) and stored for various times

Treatment Sampling time

Antagonist SBC Heat 4 Days 2 Months 4 Months 4 Months + 2 weeks
F - - 5.59 cd 5.59 de 6.33¢ 6.43 ab
F - + 5.32de 6.48 a 6.96 a 6.90 a
F + - 5.73¢ 5.92 bed 6.57 bc 6.73 ab
F + + 5.57 cde 5.92 bcd 6.87 ab 6.78 ab
S - — 6.22 ab 5.57 de 6.42 bc 6.24 ab
S - + b - — -

S + — 6.42a 6.05 bc 6.41 bc 6.48 ab
S + + — — — —

S+F - — 6.31ab 5.43e 6.11 abc 6.29b
S+F - + 5.18e 6.24 ab 6.85 abc 6.79 a
S+F + — 6.27 bed 5.88 ab 6.47 bc 6.44b
S+F + + 5.45 bede 5.83 cd 6.44 bc 6.65 ab

For each time period shown in the table, the treatments were analyzed as a one-factor linear model using PROC MIXED (SAS Inst.). The

results were statistically significant and were: 4 d&ys46.38,P<0.0001; 2 months; =16.37,P<0.0001; 4 months; =6.27,P=0.0003; 4

months + 2 weekd; =7.75,P=0.0001. Mean comparisons were done

with Sidak adjRtealues so the experiment-wise error was 0.05.

2 Means with different letters are different at the 0.05 significance level.
b Treatment not in analysis as all values were zero so variance was zero. Antagonist ST4-E14 is heat sensitive.

¢ F, antagonist FMB-24H-2; S, antagonist ST4-E14.
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populations of this antagonist remained stable through-  The addition of 2% SBC had no significant effect in
out the study on non-heated fruit. FMB-24H-2 was heat reducing decay caused By acutatumOn non-heated
tolerant and the populations of this antagonist remained fruit inoculated withP. expansumfruit treated with
stable or slightly increased on both heated and non- SBC alone had significantly less decay after 2 months
heated fruit by the end of the experimefiable 4. in storage than the control fruit. SBC was also helpful
SBC had no clear effect on antagonist survival. when non-heated fruit were evaluated for decay sever-
ity after 4 months at 1C plus 2 weeks at 20C. Ei-
ther antagonist, when combined with SBC was signif-
4. Discussion icantly more effective than the antagonists alone. The
smallest lesions on non-heated fruit tended to occur on
Since no alternative to chemical control alone is as fruit treated with the antagonist mixture combined with
consistently effective as fungicides inreducing posthar- SBC. The 2% SBC concentration was more effective
vest decay, promising alternatives of biological control, in reducing decay severity B8 expansurthan the 0.3
heat treatment, and SBC were tested alone and in com-or 1% SBC used in an earlier studggnway et al.,
bination to develop a strategy to provide satisfactory 2004). The 2% SBC seemingly had no clear negative
control of C. acutatumandP. expansunon apple fruit effect on antagonist survival in this present study and
in storage. It was previously shown that apple fruit in- was therefore compatible with both antagonists.
oculated withC. acutatundid not develop decay dur- Most of the studies using SBC to control posthar-
ing cold storage@onway et al., 2004; Janisiewicz et vest decay were concerned with citrus fri@bagwu
al., 2003, therefore fruit were stored for an additional and Korsten, 2002; Palou etal., 2001; Poratetal., 2003;
2 weeks at 20C for decay to develop to determine Smilanick et al., 1999 While significant control oP.
the relative effectiveness of the various treatments and italicumwas achieved by 2, 3, and 4% SBC solutions,
treatment combinations. In this study, low temperature 1% was ineffective Palou et al., 2001 It was con-
was also sufficient to stop decay of apple fruit @y cluded that the SBC treatmentwas primarily fungistatic
acutatum but only slowed decay by. expansum since it delayed spore germination but did not kill the
Heat treatment was the most effective treatment in P. italicum spores. The SBC effect was therefore not
controlling bothC. acutatumand P. expansunwhen very persistent. Another study showed that a 2% SBC
used alone. It completely eradicatedexpansunand solution killed germinating spores & digitatumin
reduced decay caused ByacutatumHowever, it was citrus fruit wounds Porat et al., 2003 indicating that
necessary to add either or both of the antagonists to germinating spores are more susceptible to SBC action
eradicate decay caused By acutatum M. pulcher- than non-germinating sporeslérloth, 193).
rima strain FMB-24H-2 was one of a humber bF. Combining SBC with other non-fungicidal control
pulcherrimastrains found to be effective in reducing measures improved the effectiveness of these mea-
decay caused by. expansunJanisiewicz et al., 2001;  sures. A significant increase in the biocontrol activity
Janisiewicz et al., 2003 More recently, it was also  of Bacillus subtilusisolates againgP. digitatumand
shown to be effective again€l. acutatumand to be P. italicumon citrus fruit was observed when the iso-
heat tolerant as well. In this as well as an earlier study lates were combined with SBOpagwu and Korsten,
(Conway et al., 2004in combination with heat, FMB-  2002. The antagonist may have been given a compet-
24H-2 eliminated decay caused by tlis acutatum itive advantage by the delay in pathogen development
which heat or the antagonist treatments alone were un-by SBC atthe wound site. The controlRdigitatumon
able to accomplisiC. laurentiistrain ST4-E14 had not  citrus fruits was significantly improved by combining
been previously reported to be tested agaihsacu- Pseudomonas syringagrain ESC10 (the active ingre-
tatum In this study, it was effective in reducing decay dientin BioSave 10; Village Farms, BioSave Division,
caused by either fungus on non-heated fruit. Unlike Orlando, FL) with a 3% SBC solutiorSfmilanick et
FMB-24H-2, it was not heat tolerant. On non-heated al., 1999. In the present study, the 2% solution was
fruit, the combination of the two antagonists tended to not of sufficient strength to affe€. acutatumbut in
be among the most effective treatments against eithercombination with either or both antagonists, it made
pathogen. the antagonists more effective agaiRsexpansunn
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non-heated fruit. Increasing the concentration of SBC Jimenez, 2004 A combination of these alternatives,
further may be an option, but doing so may also affect then, is complementary and provides a complete strat-
antagonist survival§padaro et al., 2004 egy to successfully protect fruit from decay in storage.
Heat treatment may reduce fungal decay by two This alternate strategy will require more steps toimple-
modes of action in that it may affect survival of ment than the one step chemical treatment. However,
pathogen spores and modify the physiology of the host. if postharvest fungicides are no longer effective or are
The viability of P. expansumonidiain sporulating cul-  disallowed as in various European countries, a success-
ture declined rapidly when exposed to &8 prior to ful strategy combining various alternatives is available
inoculation of apple fruit and the resulting lesions were to protect fruit in storage.
smaller than those on fruit inoculated with non-heated
conidia Conway et al., 19909 Similar results were ob-
tained withP. expansunon apple where a reduction
in decay development was seemingly a result of the Acknowledgements
heat treatment, which, by reducing germination, effec- .
tively reduced the inoculum concentratidia(lik etal., ‘We would like to acknowledge Amy Blodgett,
1996). Heat treatment may also enhance antifungal de- Willard Douglas, Michelle Orton, and Patricia Parm-
fense reactions in fruit tissue since a compound with ley for valuable technical assistance. Mention of trade
antifungal activity was induced at 38 in apple fruit names or commercial products in the publication is
(Fallik et al., 1996. This may explain the slower decay solely for the purpose of providing specific information
development on apples inoculated after heat treatment@nd does notimply recommendation or endorsementby
compared to non-heated frufgllik etal., 1996; Sams  the US Department of Agriculture.
etal., 1993.
Heat treatment also delays ripening characteristics
of apple fruit by inhibiting volatile productionHallik
et al., 1997 and maintaining fruit firmness{ein and
Lurie, 199_3' In th_e Presem St_Udy' the firmness of Barger, W.R., 1928. Sodium bicarbonate as a citrus fruit disinfectant.
heated fruit was significantly higher than non-heated  cajit. Citrogr. 13, 164-174.
fruit after 4 months in storage. The fruit used in this Blanpied, G.D., Silsby, K.J.,1992. Predicting Harvest Date Windows
study were preclimacteric when heated. Postclimac- for Apples. Cornell Cooperative Extension, Information Bulletin
teric fruit were more sensitive than preclimacteric fruit 22L.

. . Chand-Goyal, T., Spotts, R.A., 1996. Control of postharvest pear
to heat damage as evidenced by brownlng of the flesh diseases using natural saprophytic yeast colonies and their com-
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