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Abstract

This study was conducted to determine the effects of storage conditions on apples treated with
postharvest [ungicides, benomyl and bitertanol. The fungicideds were applied to control postharverst
disease in apples during CA and cold storage. The stored Apple were tested monthly for weight loss,
flesh firmness, titratable acidity, brix and free sugar. Relative to the control group, the pstharvest
fungicide group had less disease. The fungicide treated apples stored in CA had a higher measured
weight, better firmness and maintained acidity, brix and free sugar when compared to the control group
monthly and after 200days. The fungicide treated apples in cold storage maintained their quality for
120days.
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Table 1. Phsico-chemical properties of benomyl and bitertanol

Propertics Benomyl

Chemical structure -

CONH(CH,)3CHg

N
)—NHCO,CHj
N

Chemical name :
Solubility : dmg/L in waten(25°C, pH 3-10)

methyl, 1 -(butylcarbamoyhhenzimldazol-2-ylcarbamare

Use . Protective and eradicant fungicide with systemic acitvity and used as pre or post harvest sprays
for the contol of storage rot of fruit and vegetable

Toxicology : Acute oral LD for rats

> 10000mgALlkg

N
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Properties Bitertanol

Chemical structure :

OH

|
O—(FH*CHC(CH3)3

N
¢ N
N—

Chemical name : (IRS, 2RS;IRS, 2SR)-1-(biphenyl-4-yloxy)-3,3-dimethyl-1-(1H-1,2,4-triazol-1-yDbutan-2-ollmtio of
racemates(1RS, 2RS) (B) and (1RS, 25R) (A) c. 20:80]

Solubility : 2.9mg(A)/L , 1.6mg(BYL in water (20T)
Use : Used for the control diseases of fruit caused by Venluria and Sclerotinia spp.
Toxicology : Acute oral LDy for rats : > 5000mgAl/kg
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Table 2. The conditions of CA(controlled
atmosphere) and cold storage

Condition

259} o7]24L Table 29} 2t}

Storage . Gas composition(%)
Temp.('C)
O, CO»
CA 2 3 1
cold 2 21 0.03

Table 3. The program and classification of postharvest fungicide
treatment applied to apples before storage

Immersion Immersion

Fungicide Formulation conc.(ng/1) \ime( min) Class
Benomyl Benlate(WP) 325 1 A
Benomyl Benlate(WP) 1,625 1 B
Bitertanol Baycor(WP) 225 1 C
Bitertanol Baycor(\WP) 1,125 1 D
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Table 4. The operating condition of HPLC
for benomyl analysis

Model Young In HPLC 9500

Column # Bondapak™ Cii(i.d 3.9 300mm)
- Temp. Room wemp.

Attenuation 32

Mohil phase  Acctonitrile/water(45/55,v/v)

Flow rat¢ 1.5mé/min
Sample size 2044

Chart speed 2.0mm/min
Detector UV 280nm

9) FAEH
Duncan’s multiple-range test[ 181 AR2-3}¢cl).

210 9 Da
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Table 5. Characteristics of apples before
postharvest fungicide treatment

Characteristics Values
Weight( g ) 270.0+£1.1*
Firmness(kg/cnf) 5.8+0.6
Brix value("Br) 16.0£0.2
Titratable acidity(%) 0.45+£0.3
Free sugar( g ) 13.9£0.4

* means of 20 fruits = standard deviation
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Table 6. Decay rate of apples treated postharvest fungicides in CA and cold storage

Decay rate(%)

Storage storage period(days) total
Treatment**
33 G0 92 120 151 182 201

CA Control * * * * 1 1 2 2 6

A * * * * 1 1 1 1 4

B * * *® * * 1 1 1 3

C * * * * * 1 1 1 3

D * * * * * * 1 1 2

cold Control * * * 1 2 2 2 3 9

A * * * * 1 2 1 1 5

B * * * * 1 1 1 2 5

C * * * * * 2 2 1 5

D * * * * * 1 1 2 4

* Not detected ** See table 3
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Table 7. Effect of postharvest fungicides on weight loss of apples in CA and cold storage

Weight loss(9)

Storage Treat t storage perod(days)
reatmen

1 33 60 92 120 151 182 201

CA Control 0.18 - 1.08a* 14la 1.71a 1.91a 2.14a 2.26ab 2.71

A 0.08 0.93ab  1.23ab  1.40ab  1.5%ab  1.67b 1.85ab 2.09

B 0.06 0.94ab 1.25ab 1.44ah 1.51ab 1.67b 1.90a 1.70

C 0.08 1.01h 1.38h 1.33b 1.44b 1.48b 1.84b 1.91

D 0.05 0.75b 0.91b 1.16b 1.20bc 1.501> 1.65b 1.80

NS * ® * %k * * * NS

cold Control 0.18 2.60a 4.63a 4.892 5.88a 6.00b  9.07b 10.40

A 0.08 2.52ab 3.99ab 4.20aby 5.14c¢ 7.39a 9.48b 10.92

B 0.06 2.26b 3.39b 4.00b 5.64av 7.79a 10.63a 10.69

C 0.08 2.28b 3.03¢ 4.16b 3.46¢ 6.97b 9.06b 9.80

D 0.05 2.25b - 3.36b 4.96a 5.53bc 7.52a 9.63a 10.01

NS * * * * % * * NS
* : P <005
¥* P 001

##* : means in a column followed by the same letter are not significantly different(P < 0.05) by
Duncan’s test
NS : not significantly different(P < 0.05)

Table 8. Effect of postharvest fungicides on firmness of apples in CA and cold storage

Firmness(kg/cnf)
Storage storage period(days)
Treatment
1 33 60 92 120 151 182 201
CA Control 5.6%2**  5.48a 4.96b 4.90h 4.88b 4. 80bc 4.79h 4.42
A 562 5582 53la 518  5.00b  487c 5060 4.63
B 5.68a 5.10b 3.10ab 5.13a 3.222 5.11a 4.92b 4.81
C 5.54b 5.34alb  5.306a 5.0%bh  5.04a 4.92be 4.992 4,68
D - 5.58b 5.33ab  5.12ab  s5.11a 5.00ab  5.05a 5.03a 479
* % * % * % * % * & ok % ok NS
cold Control 5.75a 5.21a 4,70h 4.62h 4.58h 4.46alh 4.26 3.90c
A 5.62a 5.40a 5.12a 4.80b 4,63b 4.52h 4.20 4.10ah
B 5.08a 5,100 5.00a 4.96ab  4.74ab  4.44b 4.00 3.99Db
C 534h 5.40n 4.89ah  4.91ab 4.90a 4.922 4.52 4.302
D 5.38h 5.08h 4.98h 4,63 4.38D 442D 4.25 4.081>
* * * * * * * % * NS * *
* 1P <005
* 0 P 0.0

¥+ means in a column followed by the same letter are not significantly different(P ¢ 0.05) by
Duncan’s test
NS : not significantly different(P < 0.05)
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Table 9. Effect of postharvest fungicides on titratable acidity of apples in CA and cold storage

Titratable acidiry(%)

Storage storage period(days)
Treatment '
33 60 92 120 151 182 201
CA Control 0.462**  0.44b 0.40c 0.34b 0.33b 0.29bc  0.28c¢ 0.28¢
A 0.45ab 0.46a .- 0.38c 0.36b 0.33b 0.31b 0.29ab 0.29ab
B 0.47a 0.45ab 0.41b 037a 0.28¢c 0.31b 0.29a 0.29a
C 0.45b 0.42¢ 0.44a 036ba 0.35a 0.32a 0.30a 0.30a
D 0.45b 0.42¢ 0.39¢ 0.40a 0.37a 0.33a 0.31a 0.31a
* % * * % * % ¥ % * % * *
cold * Control 0.406a - 0.40a 0.34b 0.26¢ 0.25a 0.22db 0.20 0.28
A 0.45ab 0.36a 0.31c 0.29a 0.26a 0.24a 0.21 0.19
B 0.47a 0.34hb 0.32¢ 0.28ab 0.23¢ 0.24ab 0.21 0.20
C 0.45b 0.36b 0.35a 0.29a 0.24b 0.23¢ 0.20 0.19
D 0.45b 0.36b 0.33h 0.27b¢ 0.21d 0.23cd - 0.19 0.19
* % * * % * % * % * * NS NS
* 1P <005
*»* P <001
*** . means in a column folowed by the same letter are not significantly different(P < 0.05) by
Duncan’s test
NS : not sigruficantly different(P < 0.05)
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Table 10. Effect of postharvest fungicides on Brix of apples in CA and cold storage

Brix("Bn)
Storage storage period(days)
Treatment
33 60 92 120 151 182 201
CA Control  15.93ab* 16.30¢  16.08b 14.43b  14.40a 14.60a  15.19b  14.87a
A 15.80hc 16.23¢ 16.28a  14.18b  1390b  14.07b  14.46h  13.73b
B 16.00av 16.77a  15.70b. 14.15b  14.03b  14.70a  14.97b  13.83b
C 15.63¢ 13.93d  16.63a  14.50ab 14.07b  13.57c  13.63a  14.40a
D 16.13a 16.63b  15.70b  15.00a 13.40c¢ 14.10a  14.23L  14.00a
* % Lok ok * * * % * ¥ * * *
cold Control 15.93ab  15.7a 15.63d  14.53b  14.13h  13.93%c  14.13 10.50
A " 15.80bc  15.86a 16.07b  15.40a  14.33ab 14.53a 13.37 13.40
B 16.00ab  15.47ab  15.90¢ 14.40c  13.57¢ 14.60a 13.67 13.33
C 15.63¢ 15.55ab  16.17a  14.15a 15.33a  13.20d 13.60 13.63
D 16.13a 14.76h 14.94c  14.25¢  13.47c 14.23b 13.40 13.58
* ok * * % * & * % * % NS NS
* : P <005
¥* 1 P <001

*** © means in a column followed by the same letter are not significantly different(P < 0.05) by
Duncan’s test
NS I not significantly different(P < 0.05)

Table 11. Effect of postharvest fungicides on free sygar content of apples in CA and cold

Free Sugar Content( g /100 g of apple)

Storage storage period(days)
Treatment
1 33 60 92 120 151 182 201
CA Control 13.40**  14.58a 13.22 12.11a 11.43h  10.12ab 10.14b  9.14ab
A 13.20 14.13a 14.21 12.01ab  10.42¢ 9.98h 8.41bc  7.01c
B 12.89 9.61b 11.20 10.22¢ 12.13b 9.00b 8.00¢ 7.41h
C 12.90 12.95b 13.41 12.04a 13.62a 11.43a 10.41a 10.45a
D 13.10 12.48abh  12.10 10.91h  13.36a 12.00a 9.72h  10.41a
N§ * ok NS * * % * & * % * *
cold Conturol 13.40 13.48a  14.51a 10.01h  12.00a 8.35b 9.11b 7.02
A 13.20 1291h  11.07h¢ 11.09ab  8.91b 8.71b 7.74c¢ 7.24
B 1289 13.11a  10.77¢ 12.46a 11.93a 10.40a 6.50¢ 6.42
C 12.90 1041c  10.78¢ 12.56a 10.41abh  9.93ab  10.01a 9.45
D 13.10 11.11¢  11.27h  10.55bh 9.76h  10.21a 10.11a 3.91
NS * * * * * % * % * NS
* 1 P (005
*»* - P (0.0l

*#%  means in a column followed by the same letter are not significantly different(P < 0.05) by

Duncan’s test
NS : not significantly different(P < 0.05)
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