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Introduction

Grape (Vitis vinifera L.) is one of the most important fruits cultivated in many areas with different climates
all over the world. Grape, which is rich in antioxidants, flavonoids, anthocyanins and phenolic acids, is highly
regarded in terms of economic value. Salicylic acid is one of the compounds which have been used in recent
years for improving the physicochemical properties of many fruits. The application of salicylic acid increases the
shelf life of crops by inhibiting ethylene production and respiration, as well as by reducing the activity of some
enzymes which are responsible for softening the cell wall. Furthermore, salicylic acid results in the enhancement
of phenolic compound production by increasing the activity of some enzymes such as phenylalanine ammonia-
lyase.

Materials and Methods

The present study was conducted in 2014 on 13-year-old Shahroodi grapes that were grown using a head-
training system with a spacing of 2m x 2m in "Shahrood" County, Semnan Province. A total of 60 grapevines
with uniform age and growth characteristics were selected for the experiment. Salicylic acid was obtained from
Merck and solutions were prepared using a small amount of organic solvent and surfactant to reduce the surface
tension of the solutions. For the purpose, the Salicylic acid powder was dissolved in a few drops of ethanol and a

few drops of Tween 20 for improving solution penetration to the plants, The solution was prepared at
concentrations of 0 (control), 1, 2, 3 mM. Then the plants were sprayed two weeks after the fruit set stage (when
berries were at the pea-sized stage with a diameter of 4 to 5 mm). The experimental design used in this
experiment was a randomized complete block design (RCBD) with three replications. After harvesting and

transporting of fruits to the laboratory, different characteristics were measured:
Chlorophyll and carotenoid Content

Chlorophyll a, b, and total Chlorophyll and carotenoid content measured according to Arnon (1967) method
in grape leaves. The extraction steps were carried out with full precision to minimize contact with heat and light.
In order to stabilize the pigments, the samples taken from the central part of the mature leaves were immediately
ground in liquid nitrogen. The samples were vortexed two times with an interval of one minute and stored for 1.5
hours at a temperature of 4 degrees Celsius in order to dissolve the pigments in cold acetone solvent. After that,
they were centrifuged for 15 minutes at a speed of 6000 rpm. The supernatant after centrifugation of the samples
was used to measure chlorophyll and total carotenoids. The absorbance of the samples was read at three
wavelengths of 470, 645, and 663 nm using a Shimadzu UV (160) spectrophotometer. Using the absorbance of
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the samples in these three wavelengths and the equations below, the amounts of chlorophyll a, chlorophyll b,
total chlorophyll and total carotenoids were calculated in terms of milligrams per gram of tissue sample weight.

Fruit characteristics

Fruit characteristics such as fruit yield, fruit firmness (with magnets-Taylor device), sugar and acid content,
and content of phenolic compounds were also measured. The fruit tissue firmness was measured using a firmness
tester (model FDKA 32, Wagner) and expressed in Newtons per square centimeter. The characteristics of soluble
solids (TSS) were expressed using a handheld refractometer (Ataga, Japan) and expressed in terms of Brix, the
pH of the extract was measured using a digital pH meter (Sartorius PP-20, Germany). Titratable acidity or TA
was done through the titration of the extract using 0.1 normal sodium until pH 1.8-2.8 and its results were
reported using the following formula and under the title of tartaric acid percentage.

Total phenol content

The amount of total phenol was measured by Folin-Ciocalteu method and spectrophotometry. The
absorbance of the reaction mixture was measured after 120 minutes of storage in the absence of light at a
wavelength of 765 nm using a Shimadzu UV spectrophotometer (160). The amount of total phenol was
expressed from the standard curve in terms of mg of gallic acid per 100 grams of extract in three replicates for
each sample and standard.

Total flavonoid

The amount of total flavonoid was measured by aluminum chloride calorimetric method. In this experiment,
50 microliters of methanolic extract from the flesh and fruit skin were combined with 10 microliters of 10%
aluminum chloride and 10 microliters of 1 M potassium acetate. Then, 280 microliters of double distilled water
were added to the mixture. After the samples were mixed, they were left at room temperature for 40 minutes.
The absorbance of the reaction mixture was measured at a wavelength of 415 nm using a Shimadzu UV
spectrophotometer (160) in three replicates. A blank containing double distilled water was used for comparison.
The amount of total flavonoids was determined based on the standard curve of quercetin and the results were
expressed in micrograms of quercetin per gram of fruit skin and flesh weight.

Total anthocyanin

The amount of total anthocyanin was measured using the difference in pH method. In this method, the
absorbance was measured using a spectrophotometer at wavelengths of 520 and 700 nm along with potassium
chloride and sodium acetate buffers with different pH values of 1 and 4.5.

Results

The results of the data analysis of variance showed that the application of salicylic acid resulted in
significant differences in the measured characteristics. Therefore, the use of this compound improved the
physical and biochemical quality of the treated grape clusters.Comparison of treatments means showed that
using 2 mM salicylic acid brought about a significant effect on the amount of chlorophyll (a, b and total) and
carotenoids compared to other treatments, especially control. Salicylic acid application caused a reduction in pH
and soluble solids, and an increase in firmness, 100-berry weight and yield. The results of the study indicated a
significantincrease in organic acids and a decrease in reducing sugars in the grape clusters treated with salicylic
acid. The highest amount of tartaric acid was found in the treatment with 2 mM salicylic acid, with an average of
0.66, while the control treatment had the lowest amount of tartaric acid, with an average of 0.52. This suggests
that the use of salicylic acid led to a reduction in transpiration and consumption of organic acids. In terms of
reducing sugars, the highest and lowest amounts were observed in the control treatment (14%/74) and the
treatment with 2 mM salicylic acid (13%/60), respectively. Increasing the concentration of salicylic acid up to 2
mM resulted in the enhancement of anthocyanins and phenolic compounds contents, but higher concentrations
(more than 2 mM) reduced the amounts of these compounds in treated fruits.

Conclusion

Pre-harvest use of salicylic acid could have a positive effect on the improvement of qualitative and
quantitative characteristics of grape cv. Shahroodi. However, further comprehensive studies are needed to be
conducted to recommend this compound to the growers of fruit trees.

Keywords: Berry fruit, Fruit yield, Phenolic contents, Spraying, TSS
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Figure 1- Laboratory measurements of the physicochemical properties of grape cv. ‘Shahroodi’
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Tablel- ANOVA for some parameters of Vitis vinifera cv. ‘Shahroodi’ due to the use of salicylic acid in different
concentrations

Olagyo (uile
Mean Square
a4 R . R 5 e -
Gl e 0 AL DU U W Ve gy aSkee sl dll
SOV 33! Chlorophyll  Chlorophyll Total Carotenoids as Yield Sola At
df a b Chlorophyll ) ’ T
100 berry Joe gl 5
weg TSS TA
Bfﬁl:( 2 0.037"s 0.074ns 0.045" 1.401" 66.260" 0.845™  0.143"  0.0006"™
ocl
Sl cllale
Selgll 3 12.64%* 1.14%* 21.32%* 300.35%*  47179.8%*% 67.30%* 1.08**  0.01**
Salicylic acid
consentration
i 6 0.04 0.03 2.16 946.7 1.48 0.08 0.001
0.06
(Error)

b gme pas g do Y Jlein] e 3 ()0 e oy 4 NS g
** ns significant at 1 % of probability level and non-significant, respectively.
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Continued Table 1- ANOVA for some parameters of Vitis vinifera cv. ‘Shahroodi’ due to the use of salicylic acid in different
concentrations

Sl o a5l
L5 ot 4,3 Mean Square —
Sl & | . T W LR
SOV &l Gy, SR a8 ol o
df ~ TSS/TA pH Firmness 1ot Total Total Pl _
phenol Flavonoid  Anthocyanin ~ Reducing
sugars
S
Block 2 5.845™  0.012" 0.005" 206.33** 36.98* 0.960m 0.035™
Sl sl clale
Salicylic acid 3 53.57** 0.05** **0.08**  2602.2** 262.2** 28.57** 0.66**
consentration
s
6 438 001 0002  14.93 5.32 0.64 0.03
Error

(S ge pas 5 o3 B g Mo ) il paw 50 (6 me i 4 NS g s e
** *and ns: significant at 1 % and 5% of probability levels, and non-significant, respectively.
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Table 2- Effect of different salicylic acid concentrations on Chlorophyll and Carotenoids
Content of Vitis vinifera cv. ‘Shahroodi’

] Sdpaand L a Jedg k5 b JS Jedg S b gy,
Salicyli cacid Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoids
(mM) (mg.g* fw) (mg.g* fw) (mg.g* fw) (mg.g* fw)

0 7.14c 3.21b 10.36¢ 42.20c

1 7.33c 10.48c 53.03b

2 11.58a 16.05a 64.15a

3 8.46b 11.87b 64.04a

23b s (Sl (glaabsais 9031 5l ookl b (P<0.01) o ime BMB] gl (gt ya 1 S jidie gy b dluscl
Numbers followed by the same letter are not significantly differentns (p<0.01) based on Duncan’s multiple range test.
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Table 3- Effect of different salicylic acid concentrations on yield components and some physical and biochemical properties of
Vitis vinifera cv. ‘Shahrodi’

] Sabmnnd Lus S Jsloe ol dlge as Vor o 5,Sdos
Salicylic acid pH Firmness TSSITA TSS 100 berry weight Yield
(mM) (N.cm?) (Brix%o) (@) (Kg.tree?)
0 4.00a 2.73c 35.61a 18.34a 567.77c 21.00c
1 3.89ab 2.90b 31.48ab 17.76b 636.10b 22.79c
2 3.70c 3.13a 25.73¢c 16.95¢ 860.00a 31.30a
3 3.77bc 2.87b 28.55hc 17.31bc 663.57b 28.54b

3b ged Sl (laalsais 905l 5l ookl b (P<0.01) Jls sine M) gl gty 1> S yiie Bgy> b dlacl
Numbers followed by the same letter are not significantly differentns (p<0.01) based on Duncan’s multiple range test.
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Table 4- Effect of different salicylic acid concentrations on acidity, reduced sugars, anthocyanine and flavonoid content of
Vitis vinifera cv. ‘Shahroodi’

EVIRWW)
sl Sl S GG el S J5 ool P N
Salicylic acid Acidity Reducing sugars ~ Total anthocyanine (mg.I"  Total flavonoids (mg g AE) 18809_1
(mM) Tartaric acid (%) Y (Mg Qu.ItFW) FW)
(%0)
0 0.52¢ 14.74a 3.03c 19.37d 65.95d
1 0.57bc 14.2b 8.37b 34.87b 107.84b
2 0.66a 13.60c 10.33a 41.87a 137.20a
3 0.61ab 14.02b 7.47d 29.27¢ 96.57¢

23b g3 (xSl (laslsais 9051 5l ookl b (P<0.01) s sine BM] gl)b gty 1 Sy Bgy> b dlael
Numbers followed by the same letter are not significantly different (p<0.01) based on Duncan’s multiple range test.
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