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The effect of salicylic acid on storage of Red & Golden Delicious apple cultivars
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ABSTRACT
Effects of different concentrations of salicylic acid on the storage of golden and red delicious apple fruits in
Rafsanjan's Cantoie garden were studied at harvest time and 45, 90, 135 and 180 days after storage. Treatments were
included no washing, distilled water, salicylic acid 1, 2, and 3 mM for 1 and 2 hours in cold storage roomat 1 + 2 °
C. A factorial experiment based on a completely randomized design was designed. In both cultivars, harvest index
coincided with 170 days after full bloom. Results showed that weight loss, electrolyte leakage and decay reduced by
salicylic acid and maintained total soluble solids, general acceptance and antioxidant activity. However, salicylic acid
treatment had no effect on the color parameters, total acidity and pH of apple fruit. During storage, weight loos, total
acidity, pH and decay in golden delicious apples were higher than the red delicious apple, also shelf life of red
delicious apples was higher than that of golden delicious apples. Application of 3 mM salicylic acid resulted in
increasing superficial scald, off-flavour, and reduced general acceptance, but fruits treated with 2 mM salicylic acid

had better quality and more storage life compared to the other treatments.
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1. 1-Aminocyclopropane-1-carboxylic acid
2. Jonagold
3. Cara Cara navel orange
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3. 1,1-diphenyl-2-picrylhidrazel
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1. Total Soluble Solids (TSS)
2. Refeactometer
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2. Red Delicious
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1. Electrolyte leakage
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Table 1. Analysis of variance of traits affected by salicylic acid treatments in two apple varieties during 180 days of
storage at 2 degrees Celsius

Factors df L Chroma  TSS V\ieight General Electrolyte Decay pH T.Ot‘?l

0SS acceptance leakage acidity
Cultivar (C) 1 253977 3327 76305 3957 20846 5.7 176.17 027 7947 078"
Storage (S) 4 32287 88977 1376.8" 184" 8025.6™ 8.4" 87779 46™ 0257 004"
Treatment (T) 7 20.08™ 37.01™ 858 057™ 2037 3.767 312" 23" 001™ 0.002"™
CxS 4 50857 919" 10447 347 3465" 0.24™ 246.8™  0.02™ 0.07"  0.002™
CxT 7 1598™ 3501 56™ 05™ 3317 0.18™ 80.3" 0.1™ 0.005" 0.003™
TS 28 11.3™ 386™ 49™ 137 2847 0.6™ 192.4™ 0.2™ 0.001™ 0.0001™
CxTxS 28 11.6™ 27.09® 32™ 048" 17.02" 0.26™ 98.5™ 0.07™ 0.001™ 0.0007"™
Error 160 9.7 31.97 0.5 74 0.09 243 0.1 0.002  0.0002
CV (%) 11.1 3.15 599 1401  6.07 11.8 9.2 12.46

1.1 1.47

Aoy 50 ol mhw (ol pse g jlo pae e

ns, *, **: not-significant and significant at 5% and 1% at probability levels, respectively.

# NS

e Bgae (02,0) (359 o p Slojll oy g Skl asl Jlos 3 Jilie 1Y Jgar
Table 2. Interaction effects among cultivars, salicylic acid and storage time on weight loss (Percentage)

Cultivar Treatment 45(day) 90(day) 135(day) 180(day)
A0 0.54 %% 1.02°% 1.09"9 1.40°
AM 0.40% 0.56 ** 0.77 1.30%®
Al-0.5 0.48™ 0.67™ 0.761 1.17%®
Golden delicious Al-1 0.40% 0.751" 0.86°" 1.20%¢
A2-0.5 0.40% 0.66™" 1.09"9 1.16°%¢
A2-1 0.40% 0.74% 1.09%k 1.05°"
A3-0.5 0.35%Y 0.39% 0.98° 1.05¢
A3-1 0.29*Y 0.42"% 0.54 % 0.94°m
A0 0.38%Y 072" 0.96°T 1.10%"
AM 0.30"Y 0.52% 0.66™ 1.00%*
Al1-05 0.46°Y 0.59™ 0.86°" 0.92¢m
Red delicious Al-1 0.24 Ziy 043 riy 0.73 m_-r 0.84 gp
A2-0.5 0.32VY 0.35%Y 0.57°* 0.767*
A2-1 0.30"Y 0.45%Y 0.57°* 0.859°
A3-0.5 0.30%Y 0.751" 0.761" 0.88°™
A3-1 0.30"Y 0.68™ 0.789° 0.849°

(<1 0) el LSD s3] Bl bornSils o ime B 3505 5 ke 5 jite slacs >
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Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test,
(A0): No washing, (AM): Distilled water (0.5), (A1-0.5) and (A1-1): 1 mM salicylic acid for half and one hour (A2-0.5) and (A2-1): 2 mM salicylic
acid for half and one hour (A3-0.5) and (A3-1): 3 mM salicylic acid for half and one hour.



PP PP JNUU UGN DU U5 SR U OUON VOV 01 PSS PN L GNP KW N2

5 FO oAb ke el 5l ol Sloll oye0 5 e (TSS) Jskxo ol Slgo
Lid o151 ey g )l bojlers 25T 50 ol g, A Ay sless a8 aw Sl Guil)ly 4528 s Gl
Sl as enys (Sl Gli8l b les 1 golass jo Al Jslore sl olge Jlade p od, b Lo blie
S o Jsle dal> Slge jladie g0 o me 5kl dol> slge jlade () Jguz) s o gxe o
Sl Js dm she g, 5l eSSl s))A 39 YA 5ham 508 5 055 e a6l o sl
09,5 3l oS Sihwcdlos vl slojlos o Dl yoss W Cond doyd g Y dga> w4 Sl

(Y JS5) o9y Hhaie Sl g aals Hlate 1 ggiie (F Jgaz) el iolidl csls p les

=A0 HAM WAl1-05 mWAlL-1

HAZ-05 mAZ-1 ~A3-05 mA3-1

[N 2 oL
oo . agooalfa aold aa®
gRo=oml & oo Rl S SR =

-

y I .

choroma
—_ = b
= h O
1 1 1

Ln
(ORI RO e

[
1

Atharvest 45 90 135 180
Storage period (day)

B3 395 Tl S itn Glad > caw bge ) ool (Al Skl el o 5 o)l e ) IS

Gl 5 Jailinl glas * Lo Sl Ko Jloges YU bghas (p<+/+0) CwlLSD 5031 &b oSl o ixe
Figure 1. Effect of storage time and salicylic acid treatments on apple fruit chroma index

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
The vertical line on the columns show means * standard errors.
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Figure 2. Effect of storage time and salicylic acid treatments on soluble solids of apple fruit extract

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
The vertical line on the columns show means + standard errors.
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Table 3. Interaction among cultivars and storage time on the qualitative characteristics of apple cultivars

Cultivar Storage (day) TSS (%) °Hue Chroma L* General acceptance  Total acidity (%) pH
At harvest 10.63 ¢ 1787 46.8° 77.31° 212°¢ 0472 4.23°

45 11.05 ¢ 180 % 448° 75.8%® 2.68 0.68° 4.2°
Golden delicious 90 11.11° 180 ® 326° 74.27" 29° 0.65° 4.37°
135 12.14° 181° 339°¢ 73.79° 2.95% 0.64° 4.43*°
180 12.8% 180 * 34.1° 70.19° 36° 0.62°¢ 4.43°
At harvest 11.7° 175.46°  31.2° 57.36° 2.16° 0577 3.91"
45 121 179.4° 312 55.3" 2.54¢ 057" 3.959
Red delicious 90 124 179.3° 23.05°9 55.3" 2.6° 0559 3.98"
135 1262 179.3° 247" 50.8¢ 2.85% 0.53" 3.96"
180 12.8% 1784™ 253" 50.68 ¢ 3.04% 0.53" 4.04°

P<1+0) CwllSD yge3T &b oy Silos o e M 055 5l S i slacs >
Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.



PP PP JNUU UGN DU U5 SR U OUON VOV 01 PSS PN L GNP KW OOA

(0o,0) (SacuSToly cudlad 5 Slo,lil ey o Sidocdlis vl Jlaud o8, bl 1. Jgao
Table 4. Interaction effects among cultivars, salicylic acid and storage time on antioxidant activity (%)

Cultivar Red delicious Golden delicious
Treatment At harvest 90 (day) 180(day) At harvest 90 (day) 180(day)
A0 23.5%9 1164 95¥ 14.8™% 11.8" 73"
AM 11.6 95H 15.47™ 10.3"
A1-0.5 19.017 12.8" 29.7% 12.86™
Al-1 22.15°" 13.3" 15.5M 9.7H
A2-0.5 46.06° 125" 34.06™ 11.01%
A2-1 38.6% 17.59 28.77°¢¢ 13.1"
A3-0.5 4582 22.27%" 24.26%9 13.6™
A3-1 39.04%® 21.86° 25.08 ¢ 9.6

P<1+0) ol LSD (5051 &by o Silee Slo sine NS 0505 5 ylo S ie sladd >
Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
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Figure 4. Effect of variety, storage time and salicylic acid treatments on apple fruit decay index. Mean within a

column followed by the same letter are not significantly different at p<0.05 according to the LSD test. The vertical
line on the columns show means + standard errors.
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Figure 5. Effects of storage time and Salicylic acid treatments on General acceptance. Mean within a column
followed by the same letter are not significantly different at p<0.05 according to the LSD test. The vertical line on the
columns show means = standard errors.
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Table 5. Interaction effects of cultivars, salicylic acid and storage time on electrolyte leakage (percentage)

Cultivar Treatment At harvest 45(day) 90 (day) 135 (day) 180 (day)
A0 30.27 %% 38.9%Y 41.46™ 59.45°7 69.9%
AM 46.98'° 33.45%" 56.2 M 692
A1-0.5 31.45" 45.1™9 56! 68.12°
Golden Al-1 40.37°* 52 m 58.99 62.5°"
delicious A2-0.5 3355 49,4670 52.1+m 55.6"
A2-1 335w 39.2°0¢ 58.8" 61.9°"
A3-0.5 32.3W 38.47PY 58.9" 61.77°5"
A3-1 32.3%W 39.34°%4 57.199 67.4%F
A0 31.3% 34.8™ 45.33™4 68.1%° 71.87°
AM 31.3%w 34.64™ 55.6" 68.69*¢
Al1-0.5 413" 436™" 62bh 68.38%°
Red Al-1 42.9™ 57.991 60.2¢" 69.9%
delicious A2-0.5 33w 33.5%" 60.6°" 65.67%¢
A2-1 37.19% 44.6™9 58.04 91 67.4%
A3-0.5 3134 39.8°1 57.99 57.99
A3-1 3355 39.8°¢ 61.5°" 69.5%°

P<1+0) el LSD (yse3T &3l lappnSilos o cime B 055 5 Ly S e slacs >

Mean within a column followed by the same letter are not significantly different at p<0.05 according to the LSD test.
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