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Table 1- Compares the average effect of salicylic acid on chilling injury of cherry tomato

Sl
Treatment
(Too) fhaie 1= o
distilled water

(Tor)sm) Sbousdlom jlaie I
distilled water-salicylic acid

(T10) e Gl sl Selndlo
salicylic acid-distilled water

(T12) sl Sndlorm s S lis

salicylic acid-salicylic acid

S35k paw o]
Chilling injury (%)
16.66°
12.49%

1.387¢

8.33°

Bl S5l (lasebais ge5l ;) eslizul b aoyd O Jleinl gaw y3 (bl blod 5l ()l gime BMS) o ot g >
Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Table 2- ANOVA of the effect of salicylic acid on acidity, total soluble solids and weight loss of cherry tomato during time

Olagpo (ke
i Mean of Squares
Ol i 2ol 3l 4y " =
iati Degrees of Freedom ot S5 Jglome el dlge 09 o
Source of Variations 9 Acidity Total Soluble Solids Weight Loss
Slosd 3 0.057 0.544" 0.166"
Treatment
oles 5 0.140" 1.939” 2.984"
Time
e less 15 0.009" 0.641" 0.167™
Treatment x Time
cotalef el 46 0.004 0.30 0.136
Error
) cV 9.80 6.26 44.94

Jssl 3oy3 1 95 oo )3 I3 gxe g ,l5 dxe pé i 4 s 9 %, NS
ns, * and **: non-significant and significant at 5 and 1 % levels of probability, respectively.

atin 1,51 )3 o lome sl Slse LtalsEl Lol L5 Ylaos!
ol 2 oge J ol jlo g cogw > 4 ety )
Sl an it sy b ogee Of ials Yleta] 55 9 (puis
Ll Seledlo Ly 0 jla al (sl g0 A3l o0 Joloee
23 6ol cstme gl 30 Ll ) 6185 b Vgo Ll 2 clale
oims ol gl b a8 (10) wolss s Jgloes dals dlsa e
95 = Sl Sebpandlio 5,87 a5 cndls 5l o)y Slgean
SIS b 3 Jgdoee asle blso i 53 0gle e 8, Ul
)0 cllas Lo (sl aisl b oS (32) el douy

o 3 Ll (b ) b ogie 9 SEalS 3y LR
I3l oy il 5l g (2 Jgds) wi ) gme doyy SO ez
bl l38I e 050 ()9 (EaLS S0 )d iy didn (slel b
S phelol iy i 4y bgye (35 (28NS yis 4 gk
im0 g il g9y Sebdlonnslyles 51 Jg (3 JS3)
9 22y 9 Ul 0G0 O (30) O])l_i.o.b 9 &y il ()b
4ol ol 4 UhgPue o8 U] 9 2 ol 53 (29) o, \Sen
L2315 b ogra (1 LB, 6y nal Sl o 45 iksus)
Ol Slgsren gl cpl b a8 cusl

ol i A gl olej g 2 35 2 Y
o)l Jobw sLte (2l Glaldl g cowdligiow (sLis 4 03l
2 LS8 Mg 08 gad 000 (B) pilSem g 02 (3135 ik 28
oialS Loy i 51,000,543 2 clod 55 (6,155 b
Soml e aodes job 4 (LB pl & ails gy o)
bl e sy 3y (S35lops ) il (glb S50 gy g B
T J1 G5 5 e GRIB ob)lleyed (b )d sy Sl 4

Sl aS ol s gl (TA) Cygam! g JB &l swn!
w5 Lo ogee db it Hlde 50 o) 50 bl gl Jilaze
dgdipe oanlitio 4 S polailen (2 Joan) s Yo me N5 Jlozs
2 Sy p3U5 Sty ) Gl 5 dpsl Sdles Jlos Jlacl
s (53l 5 oSS 505 4255 shasges oS b
g5
oS Gl BT S5 4 Wl oo sl Silendlio 51 ool
lg=e dor (N slaseal Sl oslissl (ialS 4 oo il g
Pl sl g g0 0900 (59) 22 &S (wy 2 Bebo D9 (pudS (5 yurge
Py et e Sl bl 51 oolatnl a8 ol lis Cowl osds
5 3l e g & |y S35 ool s g ey ytalS Lo el
3 (15) 595 o anli (clo 0ga0 4 s JT (slagw] Lais sl
oaalS Gla)lil e (I L gl i BB an sl Glise JS
b 5 ol B sl il e Vet 21) b e
ol 2 (I slosgnl) atspl Grme o 51 g g Sloll 0590
0175 51 onlisunl oy plol yzalesT 55 camsl Luudis T3 5 | aangus
9 oty 5l oy g ey ke 53 sl Sl Y50 (Lo
B sl e bis corge by 8 Ao je 3 o (gl

plex ain ) ol olie yin 4 g & el b (gl
e iglog]

Jlize 31 (s )3 1(TSS) =5 Jgdomo sl Slgmo
ko oge 4 A odaliie (Jole o> Dy (lise g (o sles
5 il 5| iy Voo lso 075 sl bl b 005 s
A S Sy Jodone dale Slge g il Sl ey atin
(2 JS3) wdgs aals (slrogue



521 (b (5558 455 33 Lopus sl 51 (5 S 5lr 33 sl Sl 51 oo

A8l oo ogse (19 GRS Jale (n yiers ogse

B Li. T (Distilled water)
el Sl Jbaie T (Distilled water- Salicylic acid)

e

B bie OT- sl eSSl (Salicylic acid - Distilled water)
1.2 B oSl oSl (Salicylic acid- salicylic acid)

5 BB ! o

Titrable acidity (%)

O g

Start  week1l week2 week3 week4 week5

goys lazan 2azan Jain 4atan Satan

NS (558 4255 0910 Al (59, Sl Sbemud L X 3l S 5y - 1S
W B3 Slo sl B2l (ol bogiw (59, )b

Figurel- Interaction effect of salicylic acid xtime on the acidity of cherry tomato fruit
Bars in column indicade standard error of means
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Figure2-Effects of salicylic acid and time on the total soluble solids of cherry tomato fruit
Bars in clumn indicadestandard error of means

Weight loss (%)
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Figure3- Effect time on weight loss cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Table 3- Analysis of variance effects of salicylic acid on taste index (TSS/TA) of cherry tomato fruit during time

Source of variations <l pai 2ol &85 an TSSITA b ol
Treatment ,los 3 19.30**
Time .l; 5 27.12**
Treatment X Time :\lo;X Lo 15 5.52%*
Error _slejl olis! 48 2.34
CV % &y oy 11.77

Jeinl 3o)3 1 5 oaw 13 )b gxe g )5 ime b i) 4 s g 3, NS
ns, * and **: non-significant and significant at 5 and 1 % levels of probability, respectively.
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Figure4-Interaction effects of salicylic acid xtime on the taste index of cherry tomato fruit
Bars in column indicade standard error of means
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Table4-Analysis of variance effects of salicylic acid on the attributes of proteins, carbohydrates and proline cherry tomato

fruit over time.
; Olayyo (o
Ol s 2alio w33l "?”f Mean square
Source of variation Dfegrees o 9 . YY)
reedom 7 Carbohydrate <l ,u g, 7
Protein Proline
N )L:’-" . 3 0.00014"™ 0.07" 0.0001™
reatmen
ﬁ“’)’ 5 0.0011" 1.73™ 0.00008™
ime
wloiX g ok
. ‘.ihu ;:0; 15 0.00030™ 0.12 0.00002"
reatmentxTime
i losl alandt
WI"E 2 )' 44 0.00044 0.031 0.00002
rror
Oy g oo
cv 2.11 1.51 4.60
(%)

Jeinl 3oy3 1 5 oo 13 )b gxe g )5 ime b i) 4 s g 3, NS
ns, * and **: non-significant and significant at 5 and 1 % levels of probability, respectively.
b S ogue dd T (93 (igllog STy (39,0 5l JSLE Sl g9y Sbuandlos spmsl 15T il fy 1325 =4 Jga aols!
Oloj b 55 S
Continued table 4- Analysis of variance effects of salicylic acid on characteristics guaiacol peroxidase, hydrogen peroxide,
Malondialdehyd(MDA) cherry tomato fruit over time

lay yo (Kileo
oyl gslie (< Mean of Square
TR & @l 42 a5 5 JownST s JoSUE o7 63 oalle
Sources of variations Degrees of S| 33 (359 youR STy JoSL bl (68 ¢y
freedom H,0, GPX MDA
( Hydrogen peroxide) (Guaiacol peroxidase)  (Malondialdehyd)
sl 3 0.00066"™ 0.0017" 129.74"
Treatment
ol 5 0.0010" 0.0044™ 637.94"
Time
ol 15 0.00039™ 0.0010" 71.43"
TreatmentxTime
alojl oledd 44 0.0005 0.0007 93.17
Error
Ol ot g pd
cVv 30.38 0.027 12.02
(%)
Jssl aoy3 1 95 polaw )3 I3 gxe g I3 gxe pé i 4 s 9 %, NS
ns, *and **

: non-significant and significant at 5 and 1 % levels of probability, respectively.
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Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 10- Effect of Time on enzyme activity of guaiacol peroxidase of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 11-Effect of time on hydrogen peroxide content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test

e ot lass Sl Somadlis by el 51 g & oS
20yb Lajlew plw L d)bu—;-"" WS Lrb(_'j ,\.@,\ﬂ ) Q9JL°
(13 Jss)

86
84
82
80
78
76
74
72

MDA (ug gFw ™)
50335 5y S dadl 63 0 o

Salicvlic acid

Control distilled water-

Ot ulyly 425 ) Jmols s 2l (63 (glle
4 6l ploj 9wl Sl o3l jlass 5148 amd o
(8 Joas) 2l oo I3 gre duoyd S5 g doyd iy Jlosnl pxaw )

salicylic acid- salicylic acid-

distilled water salicvlic acid

Sles

S K504 o5 ogme wdWT (65 olle (ylime o] Skendlus (51-12 IS5
Wyl SIS gldelawia (yg05] a3liwl b wo 3 5 Jloka ! b 48 (5, bl Blod 51 5,15 o WA oliod gy
Figure 12- Effects of salicylic acid on malondialdehyde content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test.
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Introduction: Fruits and vegetables play a major role in providing vitaminsand minerals that are essential in
the metabolism. In addition to providing vitamins and minerals compounds, they are called secondary
metabolites. Tomatoes are one of the most vegetables in diets of people around the world. Low temperature
stress associated with the production of reactive oxygen species causing damage can occur before or after
harvest, farm, transportation, storage and marketing. Today, a greater emphasis is placed on post-harvest storage
of agricultural products to increase productivity and make better use of labor resources, worker, energy and
money, rather than an increase in production. One of the most promising treatments is the use of salicylic acid
for prevention of the frost damage of post-harvest fruits and vegetables with different mechanisms such as
increased enzymatic and non-enzymatic antioxidant system activity. Salicylic acid is known as a signal molecule
in the induction defense mechanisms in plants. SA is a well-known phenol that can prevent ACO activity that is
the direct precursor of ethylene and decreases Reactive Oxygen Species (ROS) with increasing enzyme
antioxidant activity. Salicylic acid is a natural phenolic compound known as a plant hormone having positive
effect on storage life and quality of fruits. This study aimed to investigate the effects of pre- and post-harvest
application of salicylic acid on antioxidant properties and quality of tomato and its effect was evaluated on
prevention of chilling injury of cherry tomatoes during cold storage.

Material and Methods: This research was conducted in a greenhouse of Horticulture Department of
University of Maragheh. Treatments were included before harvest at fruit set stage with the control (distilled
water) and 0.75 mM salicylic acid spraying and after harvest, red ripened fruits were used for treatments control
and immersion in 0.75 mM salicylic acid. Then all the treated fruits were transferred to 1 C. Sampling of fruits
was done weekly and continued five weeks. In the last week of the experiment, fruits were kept for three days at
room temperature (24-25 C) to evaluate the effects of frost on the whole period. To determine the effect of
salicylic acid on percentage of cherry tomatoes injury, analysis of variance for a completely randomized design
with three replications was used. For other traits factorial experiment with completely randomized design was
applied. The treatments included salicylic acid treatment and six periods of storage. Duncan test was used for
comparison of means.

Results and discussions: The results showed that the effect of salicylic acid significantly reduced frost
damage in cherry tomato fruits during the storage period (P<0/01). Treated fruit with salicylic acid before
harvest showed the lowest damage of chilling in comparison with controls. Titratable acidity is directly related to
the concentration of organic acids present in the fruit which is an important parameter in maintaining the quality
of fruits. Titratable acidity increased gradually in all treatments except control and it seems to be influenced by
the postharvest SA. Cell membrane of injured tissue was exposed to transform from a crystal liquid phase to a
solid gel together and thus membrane permeability and ion membrane leak were increased (Wang et al., 2006).
Salicylic acid may be used in the pre-harvest cherry tomatoes had a large role in the stability of the membrane
and prevention of chilling injury. Salicylic acid was used before conception and chilling injury (Wang et al.,
2006). Salicylic acid may be used in the pre-harvest cherry tomatoes that had a large role in the stability of the
membrane and prevention of chilling injury. Application of salicylic acid before harvest on cherry tomatoes was
more effective in maintaining the quality of the fruit and preventing of chilling injury. Organic acids reduce the
consumption of sugars that occur during breathing and are directly related to metabolic activities (Jalili Marandi,
1383; Rahemi, 1384). It seems that spraying with 0.75 mM salicylic acid before conception, had a greater impact
on the accumulation of proline and resistance in the plants and so the fruit had the lowest percentage of frost and
high levels of proline matches. The maximum amount of proline in fruits at low temperature was obtained by
increasing the exposure time after fifth week.
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Conclusion: The results of the percentage of chilling injury, proline, carbohydrate and indicators related to
quality of tomato fruits cherry tomato showed that treatment with salicylic acid can be effective on chilling
tolerance during storage. Compared with the control treatments before harvesting frost cherry tomato had the
greatest influence on stability by increasing the number of applications of salicylic acid that also reduced the
effectiveness of this treatment.
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