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Table 1- ANOVA for the effect of Salicylic acid dose, temperature and cultivar on morphological and physiological
parameters of two-year potted seedlings of some grape varieties under spring cold stress

Wlrypo (o
O pdS 2alio LU TS Mean of squares
Source of variation df BLS Sdgw ao,  GUiLod Je Cuiiaey sl 60 ol
Burned shoot Recovery EL MDA
el 2 1241.76%* 1336.93** 943.36** 0.0723**
Dose
> 2 9406.18** 5198.75%* 9711.58** 0.6291**
Temp
A
) 2 531.47** 124.79* 1998.35%* 0.0453**
CV
Lo ke 4 1062.90%* 1046.93%* 231.54%* 0.0205**
Dose x Temp
vy x e 4 82.56%* 58.03™ 15.73™ 0.0078**
Dose x cv
s o2 4 303.20%* 80.12* 349.42%* 0.0235**
Temp x cv
vy x o3 x clale 8 69.29%* 68.44* 17.22 0.0040%*
Dose x Temp x cv
s
54 5.6 25.72 10.24 0.0002
Error

Mgine p M do)d 0 Jlain] gdaw )5 45 xe ™ oV Jlein] daw 3 o xe FF
**: Significant at 1% probability level, *: Significant at 5% probability level, ™: non-significant
ol (esog 9 Lty iy 465 P8y (30
1. Some Cultivars of Vitis vinifera and Vitis riparia
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Figure 1- The interaction effect of Salicylic acid dose x temperature xcultivar on burned shoot (%) of two-year-old potted
seedlings of Bidaneh Sefid, Perlette and Riparia, 72 hours after cold stress

sl 0 (iSE) Sylubiol gllas oizd lis giw 2 YL (adls
The top indicator of each column represents the standard error (£ SE).
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Figure 2- The interaction effect of Salicylic acid dose x temperature xcultivar on recovery of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, 20 days after cold stress
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The top indicator of each column represents the standard error (£ SE).
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Figure 3- Effect of dose, temperature and cultivar on EL (%) of two-year-old potted seedlings of Bidaneh Sefid, Perlette and
Riparia, after cold stress
Al ge (ESE) 5)luliwl slos oximsylis yeiw yo Y adli
The top indicator of each column represents the standard error (+ SE).
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Figure 4- The interaction effect of Salicylic acid dose x temperature xcultivar on MDA of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, after cold stress
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The top indicator of each column represents the standard error (£ SE).
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Table 2- ANOVA forthe effect of Salicylic acid dose, temperature and cultivar on some osmotic regulators and antioxidant of

two-year potted seedlings of some grape varieties under spring cold stress

©lape nGbe
Ol yatd 2slio &850 4 (MS)
Source (df) oMoy Joome sl juungs S Spd OluS S
Prolin Solution carbohydrate  Phenolic compounds
Dose cdale 2 421.76** 75.93** 166.05**
Temp [ 2 11225.44** 119.48** 122.92**
‘cv '8y 2 3421.67** 37.69** 266.60**
Dose x Temp by x clale 4 36.17™ 3.79** 25.84**
Dose xcv odyx clale 4 2592.86** 8.70** 12.56**
Temp x cv w8y % Led 4 2403.88** 3.75** 3.96™
Dose x Temp X CV 8, x bod x clale 8 336.47** 1.77** 3.28™
Error 54 49.67 0.25 2.62

M e e ™ o0 Jlein ! pdaw j3 )b gxe F o ) Jlein ] e p3 ) xe
**: Significant at 1% probability level, *: Significant at 5% probability level, ™: not significant

boley meg 9 Ly using 4565 pB)1 (S50
1. Some Cultivars of Vitis vinifera and Vitis riparia



VP Uyl purirg 9 Irierg it g )1 (5 30 53 0l (S33k0 o &yl 1S 1 Sl sl 51

250
E 200 4
T = RS N R N
R N N s N & 3 N
= 3 3 RN N R RN N
3 N N N N N N \ N
e NININININININIR
R R N N Q X N R
S|y T Q| T | WY @m| Ty o T Y 0T Qo T Y o T Qoo TQ
A|E|E|3|2 882/ 8|& L E&\2 582 5aL8EAa2 g2
g/ 8= 8= 5 8&=¢g8=¢g8=¢g8=58=%58=%g12
s s s s s s s s s
2 2 2 2 2 2 2 2 2
control o"c -2 control o"c -2 control o"c -2
] 0.5 mi 1 mm
5, Les x clals
LSD 5%= 11.55 =

dose * temp * cv
byle) 4g5 9 Sy i 4ild (o1 @B,1 (SIS dlw 93 SIS g (liee 32 085 X Lod X Slsmmd Lo sl CBLE (liSod 2 -0 JSW0

Egman (Do yw Jlos! I g
Figure 5- The interaction effect of Salicylic acid dosex temperature xcultivar on Prolin of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, after cold stress
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The top indicator of each column represents the standard error (+ SE).
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Figure 6- The interaction effect of Salicylic acid dose x temperature xcultivar on Solution carbohydrate of two-year-old
potted seedlings of Bidaneh Sefid, Perlette and Riparia, after cold stress
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The top indicator of each column represents the standard error (£ SE).
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Figure 7— The interaction effect of Salicylic acid dose x temperature xcultivar on Phenolic compounds of two-year-old potted
seedlings of Bidaneh Sefid, Perlette and Riparia, after cold stress
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The top indicator of each column represents the standard error (+ SE).
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Introduction: Grape (V. vinifera L.) is one of the most important crops in the world and Iran, and play a
major role in the export income. According to World Food Organization statistics, the area under global
cultivation has been seven million hectares and Iran ranks seventh in the world with 316,000 hectares. Grape
production is about 77.5 million tons and Iran is ninth in the world with production of about 2.5 million tons.
Fars province is in the first place with 75,000 hectares of fertile vineyards. Qazvin, Khorasan Razavi, West
Aczarbaijan, Hamadan and East Azarbaijan provinces are also ranked next. Cold stress is one of the constraints on
the cultivation of grapes, so prevention of frost damage is one of the important points in the world's grape areas.
This damage could be due to early autumn cold and late spring in the temperate region, such as winter frost of
2007, early autumn frost of 2015 and late spring frost of 2014 and 2017. Protecting plants against the harmful

effects of low temperatures in agriculture is considerable. One way to prevent frost damages is using plant
growth regulators such as salicylic acid. It seems that salicylic acid plays a role in the resistance to the cold
stress, and it probably contributes to the activity of antioxidant enzymes and hydrogen peroxide metabolism, so
it reduces cold stress damages and increases the plant tolerance to frost. The role of salicylic acid against cold
stress have been reported in various plants such as lemon, pistachio, peach, pomegranate, apricot and walnut.
Studies have shown that application of salicylic acid on grape seedlings increased the resistance to thermal
stresses by reducing ion leakage and decreased the peroxidation of the cell membranes. Also, SA increased the
proline and soluble carbohydrates in Plukenetia volubilis seedlings. In the present study, the effects of salicylic
acid was investigated on the reaction of potted seedlings of some grape varieties under the spring frost. Then
shoot burn percentage, recovery, ion leakage and peroxidation of membrane lipids of seedlings were investigated
after cold application. Therefore, the changes in the amount of some osmotic regulators such as proline, soluble
carbohydrates, and antioxidants such as phenolic compounds were evaluated by salicylic acid and cold
treatments.

Materials and Methods: This research was carried out in greenhouse of Department of Horticulture
Engineering of College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran, in spring 2017
on two-year potted seedlings. It was carried out in a completely randomized design with three replications to
evaluate the effects of salicylic acid on reducing the damage of spring frost in some grape varieties such as
Bidaneh Sefid, Perlette and Riparia species. Salicylic acid was sprayed at 0, 0.5 and 1 mM in E-L=11 on two
year-old potted. After 24 hours, cold treatment was applied at 0 and -2 °C and normal temperature (as control)
for 8 h. Control was in the greenhouse with natural temperature. Potted plants were transferred to the greenhouse
and after 72 hours, the burn percentage was calculated. Also, recovery of the seedling was determined 20 days
after the cold. Other parameters were measured such as ion leakage, malondialdehyde, soluble carbohydrates,
proline and phenolic compounds. Statistical analysis and mean comparison of the results was done by SPSS and
LSD test.

Results and Discussion: According to the results, salicylic acid and cold treatments had significant effects
on some characteristics of Vinifera species such as Bidaneh Sefid, Perlette and Riparia species. The results
showed that with increasing the cold stress to -2 °C, the burned shoot percentage was increased and the grown
buds percentage was decreased compared to control, and electrolytic leakage and malondialdehyde were
increased at same temperature. Salicylic acid 1 mM reduced the damage to shoots and increased the recovery of
seedlings. The lowest amount of electrolytic leakage and malondialdehyde were observed in 1 mM salicylic acid
treated seedlings compared to non-treated. According to the results, application 1mM salicylic acid increased
osmotic regulators and antioxidants such as proline, solution carbohydrates and phenolic compounds. There was
a significant difference between Vinifera and Riparya species at -2 °C in some parameters such as burned shoot,
recovery, ion leakage and malondialdehyde. Also, there were significant differences between Bidaneh Sefid,

1, 2, 3 and 4- Graduated Ph.D. in Horticulture, Professors and Associate Professor, Department of Horticulture, Faculty
of Agriculture, University of Tehran, Karaj, Iran, respectively.
(*- Corresponding Author Email: aebadi@ut.ac.ir)


mailto:aebadi@ut.ac.ir

IRl oF o)l FF alar ((5553LaS galoo 5 pole) (Ll pole 425 YVF

Perlette and Riparia species at -2 °C and 1 mM in proline, solution carbohydrates and phenolic compounds. It
has been reported that salicylic acid plays a role of osmotic regulation for the cell and it can reduce the damage
of frost by stimulating the hydrolysis of insoluble carbohydrates or proteins and enhancing compounds such as
soluble carbohydrates, so it led to reduce the freezing point of the tissue. Increasing in soluble carbohydrates
have been reported in grapes and lemon by salicylic acid spraying.

Conclusions: Spring frost has damaging effects on grapevine and can lead to a lot of economic damage to
gardeners. Therefore, it can be prevented by some plant regulators such as salicylic acid. The results of the
present study showed that the damage caused by cold treatment in control seedlings was more than the plants
that were treated with salicylic acid and concentration of 1 mM salicylic acid at 2°C had a positive effect on
reduction of morphological damage severity as well as reduction peroxidation of the cell membrane. Cold
tolerance of seedlings may be due to the role of salicylic acid in increasing antioxidant substances such as
phenolic compounds, as well as in increasing osmotic regulators such as proline and soluble carbohydrates,
thereby increasing cell sap concentration and tissue freezing point. This reduced the negative effects of low
temperature and reduced cell membrane damage and electrolyte leakage and improved the recovery ability of
two-year-old potted seedlings of Bidaneh Sefid, Perlette and Riparia species. So, it can be concluded that among
different tested species, Riparia had the lowest percentage of shoot burn and highest recovery ability than the
cultivars of Vinifera. Among the genotypes of Vinifera species, Bidaneh Sefid was the most proline and soluble
carbohydrate compared to Perlette, indicating a higher adaptation to cold conditions.
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