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Effects of salicylic acid on winter freezing tolerance in grapevine
(Vitis vinifera cv. Shahani)
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ABSTRACT

Cold stress as one of the major constraints on the growth and production of grapes creates huge economic damage to
gardeners. Accordingly,the present study was conducted to evaluate the effects of salicylic acid on freezing tolerance
in grapevine (Vitis vinifera cv. Shahani) as a factorial experiment based on randomized complete block design with
three replications. Factors in the first year included SA (0, 0.5 and 1 mM), the time of spraying (veraision, harvest,
one month after harvest along with all the noted three times) and temperature (4, -15,-18 and -21°C) on cuttings that
collected in January and March. Second year experiment based on the results of the first year and was included SA
(0, 0.5 and 1.5 mM) in the stage of one month after harvest and temperature (4,-17,-19 and -21°C) on the cutting that
collected in January and March. Based on the results of this study, which deduction the temperature to -21°C
increased the peroxidation of membrane lipids in 2015 and 2016 and thus, increased EC, PCL and MAD after
freezing stress. Also, some of the vegetative parameters of cuttings were reduced at -21°C, such as primary bud,
secondary bud burst and recovery. The use of the SA 0.5 and 1 mM in the first year and 0.5 and 1.5 mM in the second
experiment reduced EC, PCL and MAD and increased primary bud burst, secondary bud burst and recovery under
freezing stress. Also, the results showed deduction the temperature to -21°C increased soluble carbohydrate, and
phenolic compounds. Also, it was seen that SA 0.5 and 1 mM in 2015 and 0.5 and 1.5 mM in 2016 increased soluble
carbohydrate, proline and phenolic compounds.

Keywords: Freezing stress, grapevine, morphological and physiological parameters, salicylic acid.
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Figure 1. Measuerment of recovery percentage of
grape cutting ‘Shahani’ under cold stress
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Table 1. Variance analysis of effect of salicylic acid and time of spraying on primary and secondary bud burst (%) and
recovery of grapevine cuttings (Vitis vinifera cv. Shahani) under cold stress (4, -15, -18, -21°C) collected in January and

March, 2015
(MS)

Source of variation df Primary bud burst Secondary bud burst Recovery (Shoot length)

January March January March January March
Replication 2 43.17™ 203.60 " 16.68 " 1.43™ 0.26"™ 0.68™
Dose 2 379.85™ 3704.66™ 15.99 " 8.09 8.74™ 11.70”
Time™ 3 107.18" 33.60™ 24.15"™ 0.08"™ 2,05 0.13"™
Dose x Time 6 105.68" 115.27 ™ 8.49™ 0.14"™ 0.73™ 0.43"™
Temp 3 2741727 2776.90” 251.41" 8.96™ 7.30™ 16.64"
Dose x Temp 6 4417 ™ 54,55 ™ 21.07™ 052" 0.45™ 0.11"™
Time x Temp 9 12.63™ 16.55™ 585" 019" 0.34™ 0.10™
Dose x Time x Temp 18 11.52"™ 21.94™ 2.16"™ 017" 0.14"™ 0.08 "
Error 72 24.45 56.32 20.24 191 0.36 0.18
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*, ** ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.

***: Time of spraying SA
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Table 2. Mean comparison of spraying time on
recovery of grapevine cuttings (Vitis vinifera cv.
Shahani) collected in January, 2015

Means (+ SE)
Time of spraying Recovery (shoot length) (cm)
January 2015
Veraision 4.37 (x0.11)b
Harvest 4.70 (20.12)a"
One month after harvest 4.94 (+0.15)a
Three Times 4.76 (+0.13)a
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* Columns with similar letters are not significantly different at 1% level.
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Table 3. Mean comparison interaction effect of
salicylic acid and time of spraying on primary bud
burst (%) of grapevine buds (Vitis vinifera cv.
Shahani) collected in January, 2015

Means (+ SE)
SA (mM)* Time of spraying  Primary bud burst (%)
January 2015
0 * veraision 75.14 (2.12) b
0 * harvest 77.04 (x2.82) b

0 * One month after harvest
0 * three Times

0.5 * veraision

0.5 * harvest

0.5 * One month after harvest
0.5 * three Times

72.04 (+2.70) b
75.11 (+2.56) b
78.02 (+2.41) ab
80.64 (+3.28) a
81.88 (+2.86) a
77.72 (+2.98) ab

1 * veraision 73.92 (x2.54) b
1 * harvest 81.10 (+2.20) a
1 * One month after harvest 81.40 (+3.14) a
1 * three Times 83.73 (+2.06) a
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* Columns with similar letters are not significantly different at 1% level.
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Table 4. Mean comparison effect of salicylic acid on primary bud burst and secondary bud burst (%) and recovery of
grapevine cutting (Vitis vinifera cv. Shahani) under cold stress (4, -15, -18, -21 °C) collected in January and March, 2015

A Means (+ SE)
(mM) Primary bud burst (%) Secondary bud burst (%) Recovery (Shoot length) (cm)
March March January March
0 51.52 (+1.38) c 3.75 (+0.06) b 4.22 (+0.09) b 3.19 (+0.08) b
0.5 64.22 (+1.52) b 4.50 (£0.22) a 4.81 (+0.10) a 4.01(x0.11) a
1 68.38 (+1.83) a 4.42 (£0.20) a 5.05(+0.12) a 4.08 (x0.11) a

* Columns with similar letters are not significantly different at 1% level.
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Table 5. Mean comparison effect of temperature on primary bud burst and secondary bud burst (%) and recovery of
grapevine cuttings (Vitis vinifera cv. Shahani) collected in January and March, 2015

Temperature - Means (+ SE)
°C) Primary bud burst (%) Secondary bud burst (%) Recovery (Shoot length) (cm)
January March January March January March
4 89.5 (+0.97)a 70.74 (£1.80)a 9.23 (+0.49)a 4.75 (+0.22)a 5.20 (x0.11)a 4.64 (+0.13)a
-15 79.6 (+0.91)b 66.04 (+1.67)b 6.70 (+0.55)ab 4.49 (£0.22)ab 4.91 (+0.13)b 3.89 (+0.08)b
-18 74.4 (+1.10)c 57.71 (+1.80)c  7.42 (+0.56)ab  4.02 (x0.17)bc  4.48 (x0.12)c  3.45 (+0.07)c
21 69.1 (+0.87)d 50.93 (+1.89)d 2.94 (£0.64)b 3.63 (+0.18)c 4.18 (x0.10)d 3.05 (+0.09)d

* Columns with similar letters are not significantly different at 1% level.
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Table 6. Variance analysis of effects of salicylic acid and cold stress on primary and secondary bud burst (%) and
recovery of grapevine cuttings (Vitis vinifera cv. Shahani) collected in January and March, 2016
(MS)

\S/;)::;ifoﬁf df Primary bud burst Secondary bud burst Recovery (Shoot length)
January March January January March January
Replication 2 23.75™ 62.48 ™ 25.60 ™ 0.49"™ 420™ 2.07™
Dose 2 155.52 ™ 356.47" 3.62™ 0.36"™ 257™ 117"
Temp™ 3 2586.50" 3064.97" 9.40"™ 1.05" 60.59™ 27.88"
Dosex Temp 6 24.24 ™ 4855 ™ 0.32" 0.05" 042" 0.36"
Error 22 52.44 79.29 3.38 0.34 2.07 0.81
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* ** ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.
***: Time of spraying SA
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Table 7. Mean comparison effect of salicylic acid on primary bud burst (%) of grapevine cutting (Vitis vinifera cv.
Shahani) collected in March, 2016

SA Means (+ SE)
(mM) Primary bud burst (%)
March, 2016
0 62.55 (+6.67) a
0.5 68.11 (+5.19) ab
1.5 73.45 (+4.36) b

Wl de e ) a0 (5 )ls gime Dol il Bgy> (sl (slaygi
* Columns with similar letters are not significantly different at 1% level.
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Table 8. Mean comparison effect of temperature on primary bud burst and secondary bud burst (%) and recovery of
grapevine cuttings (Vitis vinifera cv. Shahani) collected in January and March, 2016

Means (+ SE)

Tem(eg;i ture Primary bud burst (%) Secondary bud burst (%) Recovery (Shoot length) (cm)
January March March January March
4 92.70 (+0.5) a 86.83 (+1.62) a 3.90 (+0.15) a 9.54 (+0.37) a 7.28 (+0.18) a
-17 80.05 (¥2.7) b 78.97 (+3.11)a 3.54 (+0.22) ab 7.79 (+0.40) b 5.53 (+0.39) b
-19 68.07 (x3.1) c 60.51 (+3.09) b 3.28(x0.12) b 5.06 (x0.34) c 3.88 (x0.28) c
-21 52.97 (x2.3)d 45.85 (£5.13) ¢ 3.11 (#0.21) b 3.81 (+0.65) d 3.39 (#0.31) ¢
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* Columns with similar letters are not significantly different at 1% level.
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Table 9. Variance analysis effect of salicylic acid and time of spraying on EC, PCL and MAD of grapevine buds
(Vitis vinifera cv. Shahani) under cold stress (4, -15, -18, -21 °C) collected in January and March, 2015

(MS)

Source of variation df EL PCL MDA

January March January March January March
Replication 2 29.77™ 819.71™ 0.06™ 21.60™ 0.14™ 0.006 ™
Dose 2 1103.73” 1469.37" 601.33” 1610.83™ 6.127 0.844™
Time™* 3 58.74 ™ 389.90 ™ 2279 ™ 163.34" 0.50" 0.011"
Dose x Time 6 115.127 316.01™ 41.43™ 34.06 ™ 0.25 0.003"™
Temp 3 4298.60™ 1099.77 ™ 754.42” 5628.89" 13.08™ 1.1757
Dose x Temp 6 100.69™ 778.70 ™ 4157™ 48.87"™ 0.28" 0.029”
Time x Temp 9 17.39™ 489.25 ™ 8.63™ 32.28™ 0.02"™ 0.003™
Dose x Time x Temp 18 16.64 ™ 479.55 " 6.50 ™ 10.57 ™ 0.05" 0.001™
Error 72 29.33 503.95 22.27 41.51 0.05 0.007
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*, ** ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.

***: Time of spraying SA

EL: Electrolyte leakage, PCL:Phenolic leakage, MDA :Malone dialdehyde
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Table 10. Mean comparison interaction effect of salicylic acid, time of spraying and temperature on EC and MAD of
grapevine buds (Vitis vinifera cv. Shahani) collected in January, 2015 (A) and March, 2015 (B)

* Means (= SE)
SA (mT,&”lpfg’;t”re EC (%) MAD (nM/gFW) MAD ("M/gFW)
January 2015 January 2015 March 2015

0%4 34.99 (+0.39) 6 1.63 (20.04) € 0.36 (z0.010) d
0*-15 46.44 (0.73) cd 2.39 (£0.02) ¢ 0.61 (£0.012) b
0*-18 54.18 (£0.40) b 2.96 (£0.03) b 0.78 (£0.013) ab
0*-21 66.62 (+1.30) a 3.39 (£0.03) a 0.86 (£0.011) a
05%4 28.14 (+2.03) f 1.29 (£0.07) f 0.28 (£0.025) e
05*-15 40.93 (+2.03) d 2.03 (+0.06) 0.39 (+0.030) d
0.5*-18 47.26 (+1.91) cd 2.34 (£0.08) ¢ 0.51 (£0.024) ¢
0.5*-21 54.99 (+1.59) b 2.44 (£0.08) c 0.69 (+0.031) b
1%4 30.60 (+2.05) ef 1.21 (0.14) f 0.22 (£0.010)
1*-15 41.50 (+1.77)d 1.86 (+0.10) d 0.35 (+0.030) d
1*-18 45.15 (£2.11) cd 2.24 (£0.06) ¢ 0.43 (£0.021) cd
1*-21 50.02 (+1.43) ¢ 242 (x0.11) ¢ 0.59 (0.036) ¢

* Columns with similar letters are not significantly different at 1% level.
EL: Electrolyte leakage, MDA: Malone dialdehyde
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Continued table 10. Mean comparison interaction effect of salicylic acid, time of spraying and temperature on EC and
MAD of grapevine buds (Vitis vinifera cv. Shahani) collected in January, 2015 (A) and March, 2015 (B)

Means (+ SE)
SA (mM)* Time of spraying EC (%) MAD (nM/gFW)
January 2015 January 2015
0 * veraision 48.77 (£2.90) ab 2.60 (+0.18) a
0 * harvest 50.55 (+4.11) a 2.61(+0.18)a

0 * One month after harvest

0 * three Times

51.91 (+3.26) a
51.11 (+3.81) a

2.60 (0.23) a
2,57 (£0.20) a

0.5 * veraision 44.86 (x2.81) b 2.20 (x0.14) b
0.5 * harvest 43.31 (x3.86) b 2.03 (20.15) bc
0.5 * One month after harvest 38.70 (¢3.29) ¢ 1.84 (x0.13) ¢

0.5 * three Times
1 * veraision
1 * harvest

44.46 (+3.69) b
47.06 (+2.81) ab
40.93 (£2.28) be

2.05 (x0.15) be
2.27 (x0.17) b
1.88 (x0.15) ¢

1.93 (+0.18) bc
1.66 (£0.14) ¢

1 * One month after harvest 41.23 (+3.10) be
1 * three Times 38.05 (+2.38) ¢

Wl a8 ) a0 (g ls gime Dol ailine Bgy> (gl (sl g s
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* Columns with similar letters are not significantly different at 1% level.

EL: Electrolyte leakage, MDA: Malone dialdehyde
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Table 11. Mean comparison effect of time of spraying on PCL (%) of grapevine buds (Vitis vinifera cv. Shahani)
collected in March, 2015

Means (+ SE)
Time of spraying PCL (%)
March 2015
Veraision 59.36 (+2.22)a
Harvest 56.90 (+2.40)ab
One month after harvest 54.52 (+2.11)b
Three Times 55.35 (+2.13)b
* Columns with similar letters are not significantly different at 1% level. Wl a8 ) a0 (g ls gime Dol il Bgy> (sl (slaygi s
PCL.: Phenolic leakage SJed ez PCL
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Table 12. Means of effects of Salicylic acid on EC and PCL of grapevine buds (Vitis vinifera cv. Shahani) collected
in January and March, 2015

Means (+ SE)
SA (mM) EC (%) PCL (%)
March 2015 January 2015 March 2015
0 46.23 (¥1.36) a 30.37 (x0.81) a 62.93 (+1.87) a
0.5 35.47 (£1.07) b 24.78 (+0.96) b 55.02 (+1.93) b
1 38.59 (+2.32) ab 23.81 (x0.82) b 51.64 (+1.60) ¢

Wl de e ) a0 (5 )ls gime Dol il Bgy> (sl (slaygi
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* Columns with similar letters are not significantly different at 1% level.

EL: Electrolyte leakage, PCL: Phenolic leakage
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Table 13. Mean comparison effect of temperature on PCL of grapevine buds (Vitis vinifera cv. Shahani) collected in
January 2015
Means (+ SE)
Temperature (°C) PCL (%)
January 2015 March 2015
4 20.86 (+1.02)d 4474 (x0.93) d
-15 24.84 (+0.77) ¢ 48.79 (+1.01) ¢
-18 27.96 (+0.70) b 60.03 (+1.45) b
21 31.62 (+1.02) a 72.60 (+1.65) a

Wl ae e ) a0 (5)ls gime Dol il Bgy> (gl (slaygi
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* Columns with similar letters are not significantly different at 1% level.

PCL: Phenolic leakage
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Table 14. Variance analysis of effect of salicylic acid and cold on EC, PCL and MAD of grapevine buds (Vitis
vinifera cv. Shahani) collected in January and March, 2016

Source df EL PCL MDA
January March January March January March
Replication 2 9.46™ 57.68™ 11.27™ 90.61™ 0.006 ™ 0.011™
Dose 2 275.52” 147.79” 509.12™ 234.80 0.3737 0.012™
Temp™~ 3 852.04” 324.38” 166.56" 216.27" 4316”7 0.015"
Dose x Temp 6 15.19 ™ 22.04™ 30.30 ™ 26.61" 0.040” 0.002 ™
Error 22 17.59 18.92 51.58 15.44 0.007 0.004
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*, ** ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.

***: Time of spraying SA

EL: Electrolyte leakage, PCL: Phenolic leakage, MDA: Malone dialdehyde
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Table 15. Mean comparison interaction effect of salicylic acid and temperature on MAD of grapevine buds (Vitis vinifera
cv. Shahani) collected in January 2016

Means (+ SE)
SA * Temperature (mM * °C) MAD (nM/gfw)

January 2016

0*4 0.52 (+0.025) f
0*-17 1.10 (+0.050) d
0*-19 1.51 (x0.049) ¢
0*-21 2.33(x0.035) a
05*4 0.49 (+0.013) f
0.5 *-17 0.90 (+0.048) de
0.5*-19 1.33 (+0.063) cd
05*-21 2.26 (x0.188) a
15*4 0.47 (+0.051) f
15*-17 0.73 (#0.019) e
1.5*-19 1.09 (x0.055) d
15*-21 1.78 (0.085) b

* Columns with similar letters are not significantly different at 1% level.
MDA: Malone dialdehyde
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Table 16. Mean comparison effect of salicylic acid on EC and PCL of grapevine buds (Vitis vinifera cv. Shahani)
collected in January and March, 2016

Means (+ SE)
SA (mM) EC (%) PCL (%)
January 2016 March 2016 January 2016 March 2016
0 51.25 (+3.2)a 50.58 (+2.8) a 52.24 (+2.3)a 5462 (+2.1)a
0.5 46.42 (+2.7) b 45.01 (+1.7) b 45.26 (+2.2) b 51.55 (+1.8) a
15 41.67 (+2.2) ¢ 4410 (¥1.2) b 39.23 (+1.9) b 45.90 (+1.9) b

* Columns with similar letters are not significantly different at 1% level.
EL: Electrolyte leakage, PCL: Phenolic leakage
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Table 17. Means comparison effect of temperature on EC, PCL and MAD of grapevine buds (Vitis vinifera cv.
Shahani) collected in January and March, 2016

Temperature Means (& SE)
(F?,C) EC (%) PCL (%) MAD (nM/giw)
January 2016 March 2016 January 2016 March 2016 March 2016
4 35.35 (x1.2) ¢ 40.13 (+0.6) ¢ 40.97 (+2.8) b 4575 (+1.3) ¢ 0.49 (x0.013) b
-17 41.42 (+1.6) b 44.97 (+0.7) b 42.93 (+1.9) ab 48.77 (+1.7) be 0.50 (+0.015) ab
-19 52.85 (+2.3)a 46.58 (£2.3) b 48.51 (+3.5) a 50.93 (+2.7) b 0.57 (+0.036) a
21 56.17 (+2.1) a 54.57 (£2.6) a 49.90 (x2.9) a 57.32 (+2.6) a 0.57 (+0.020) a

* Columns with similar letters are not significantly different at 1% level.

EL: Electrolyte leakage, PCL: Phenolic leakage, MDA: Malone dialdehyde
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Table 18. Variance analysis of effect of salicylic acid and time of spraying on soluble carbohydrates, proline and

phenolic compounds of grapevine buds (Vitis vinifera cv. Shahani) under cold stress (4, -15, -18, -21 °C) collected in
January and March, 2015

(MS)

Source of variation df Solution carbohydrate Proline Phenolic compounds

January March January March January March
Replication 2 17.46™ 0.27™ 244435™ 555™ 2450™ 3.81™
Dose 2 3554.35" 52.847 55968.73" 2021.48™ 216.01" 511.76"
Time™ 3 128.02" 146" 12469.91 50.32"™ 32.28™ 14.26
Dose x Time 6 44,34 0.23"™ 9677.43" 2.16"™ 60.51 " 1.38™
Temp 3 406.75" 96.17" 446609.23™ 2871.287 647.89” 257.527
Dose x Temp 6 13.34™ 2.86" 7186.617 92.24” 37.997 2.37™
Time x Temp 9 5.26"™ 0.22"™ 3130.047 8.97"™ 9.52"™ 0.88™
Dose x Time x Temp 18 13.30™ 012" 3114.56" 8.50 ™ 22.29™ 0.60"™
Error 72 7.84 0.26 705.45 16.98 14.89 2.14

IS e Sglds 0905 g wo ;0 Y 90 Jleil e (o lo ge ©gldl oS 5 A NS g 3
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*, **, ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.

***: Time of spraying SA
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Table 19. Mean comparison interaction effect of salicylic acid and temperature on proline, soluble carbohydrates and
phenolic compounds of grapevine buds (Vitis vinifera cv. Shahani) collected in January and March, 2015

Means (+ SE)
SA * Temperature Phenolic compounds Solution carbohydrate Proline

(mM *°C) (mg/gFW) (mg/gFW) (HM/gFW)

January 2015 March 2015 March 2015
0*4 26.33 (x0.72) ¢ 0.65 (x0.01) g 15.18 (+0.38) e
0*-15 28.74 (x0.75) bc 2.27 (x0.04) e 20.26 (x0.34) d
0*-18 31.66 (+0.60) b 2.60 (+0.04) e 27.83 (x0.47) c
0*-21 35.34 (+1.16) ab 3.36 (+0.08) d 28.02 (+0.54) ¢
05*4 26.36 (x0.72) c 1.31(x0.12) f 18.57 (x1.27) de
0.5*-15 34.15 (+1.34) ab 3.67 (x0.11) d 26.82 (+2.43) ¢
0.5*-18 33.74 (+0.89) b 3.76 (£0.15) d 39.04 (+x1.27) ab
05*-21 35.26 (¥1.79) ab 5.42 (+0.26) b 39.83 (+1.63) ab
1*4 27.09 (x0.98) ¢ 1.59 (x0.14) f 21.40 (x0.66) d
1*-15 35.03 (x1.21) ab 4.39 (x0.26) ¢ 35.41 (x0.62) b
1*-18 38.64 (+1.97) a 454 (+0.17) ¢ 41.97 (+0.90) a
1*-21 38.26 (+2.12) a 6.66 (0.17) a 4511 (#1.37) a

* Columns with similar letters are not significantly different at 1% level.
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Table 20. Mean comparison interaction effect of salicylic acid on soluble carbohydrates of grapevine buds (Vitis vinifera cv.
Shahani) collected in January, 2015

Means (+ SE)

SA (mM)* Time of spraying

Solution carbohydrate (mg/gFW)

January 2015

0 * veraision

0 * harvest

0 * One month after harvest
0 * three Times

0.5 * veraision

0.5 * harvest

0.5 * One month after harvest
0.5 * three Times

1 * veraision

1 * harvest

1 * One month after harvest
1 * three Times

19.00 (0.48) e
19.09 (20.52) e
18.40 (x0.52)
21.84 (+1.07) d
30.05 (+1.55) ¢
29.79 (+1.69) ¢
34.60 (+1.01) b
34.10 (+1.06) b
31.59 (+1.04) ¢
37.11 (+1.21) a
38.23 (+1.44) a
37.31 (+1.89) a

* Columns with similar letters are not significantly different at 1% level.
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Table 22. Mean comparison effect of salicylic acid on
phenolic compounds of grapevine buds (Vitis vinifera
cv. Shahani) under cold stress collected in March, 2015

Means (+ SE)
SA (mM) Phenolic compounds (mg/gFW)
March 2015
0 18.96 (£0.31) ¢
0.5 22.67 (x0.41) b
1 25.47 (+0.45) a

Wl ae e ) a9 (gls gime Dol i B9y (shls slayg
* Columns with similar letters are not significantly different at 1% level.
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Table 21. Mean comparison effect of time of spraying

on phenolic compounds of grapevine buds (Vitis vinifera
cv. Shahani) collected in March, 2015

Means (+ SE)

Time of spraying Phenolic compounds (mg/gFW)

March 2015
Veraision 21.51 (x0.59)b
Harvest 22.29 (+0.63)a
One month after 22.87 (0.68)a
harvest
Three Times 22.80 (+0.63)a

Wl e ) e (o (6o sme gl alie By gl (slacygin s
* Columns with similar letters are not significantly different at 1% level.
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Figure 2. Mean comparison interaction effect of salicylic acid, time of spraying and temperature on proline of grapevine
buds (Vitis vinifera cv. Shahani) in January, 2015. The top indicator of each column represents the standard error (+ SE).
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Table 23. Mean comparison effect of temperature on phenolic compounds of grapevine buds (Vitis vinifera cv.
Shahani) collected in January and March, 2015

Temperature - Means (£ SE) -
°C) Solution carbohydrate (mg/gFW) Phenolic compounds (mg/gFW)
January 2015 March 2015

4 2591 (x1.24) c 19.17 (x0.39) ¢
-15 27.10 (¥1.25) c 22.06 (¥0.51) b
-18 30.80 (#1.35) b 22.53 (+0.58) b
-21 33.22 (+1.44) a 25.70 (¥0.53) a

* Columns with similar letters are not significantly different at 1% level. Wl a8 ) a0 (6 ls gime Dol il Bgy> (slls (sl g s
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Table 24. Variance analysis of effects of Salicylic acid and temperature on soluble carbohydrates, proline and
phenolic compounds of grapevine buds (Vitis vinifera cv. Shahani) collected in January and March, 2016

(MS)

Source of variation df Proline Solution carbohydrate Phenolic compounds

January March January March January March
Replication 2 160.58 ™ 9.43™ 0.75™ 0.49™ 153.06 ™ 136.73™
Dose 2 12670.98" 594.27" 207.86" 6.35~ 508.46" 45317
Temp™ 3 7647.117 2642.46™ 159.317 66.50" 1787.77" 1187.80"
Dose x Temp 6 50.18 ™ 95.18" 6.397 248"™ 35.45"™ 29.09 ™
Error 22 142.64 30.67 041 121 99.62 65.97

.)‘Q‘S;xn g_;slﬁ.) Sgu g oy \ SA JL&:}ICJG‘,J)J )IJG;M ugLa.: Gl S A IS g e o
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*, **, ns: Significantly differences at 5 and 1% of probability levels, and non-significantly differences, respectively.
% Time of spraying SA
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Table 25. Mean comparison interction effect of salicylic acid and temperature on proline and soluble carbohydrates
of grapevine buds (Vitis vinifera cv. Shahani) collected in January and March, 2016

SA * Temperature - Means (+ SE) -
(MM * °C) Proline (UM/gFW) Solution carbohydrate (mg/gFW)
March 2016 January 2016

0*4 87.51 (+4.32) ¢ 11.16 (#0.11) f
0*-17 108.48 (¥2.44) b 14.92 (x0.23) e
0*-19 114.50 (+5.61) b 16.11 (0.93) e
0*-21 116.58 (¥2.31) b 18.04 (x0.08) d
05*4 88.13 (4.15) ¢ 14.55 (+£0.12) ef
0.5*-17 105.78 (+4.30) bc 20.47 (+0.85) ¢
0.5*-19 125.99 (+1.46) b 21.14 (x0.09) ¢
05*-21 121.98 (+1.34) b 24.25 (x0.09) b
15*4 94.99 (+1.07) ¢ 15.47 (+0.09) e
1.5*-17 109.72 (+1.29) be 24.40 (£0.25) b
15*-19 138.87 (¥2.63) a 24.21 (¥0.09) b
15*-21 137.94 (+2.13) a 29.16 (0.14) a

* Columns with similar letters are not significantly different at 1% level.
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Table 26. Mean comparison effect of salicylic acid on soluble carbohydrates, proline and phenolic compounds of
grapevine buds collected in January and March, 2016

SA Means (+ SE)
(mM) Proline (LM/gFW) Solution carbohydrate (mg/gFW) Phenolic compounds (mg/gFW)
January 2016 March 2016 January 2016 March 2016
0 126.12 (+6.88) ¢ 8.38 (+0.55) ¢ 92.68 (+4.1) b 87.40 (x3.67) b
0.5 163.27 (+8.69) b 9.47 (£0.78) b 96.53 (+4.4) b 92.53 (+3.38) b
15 190.88 (+8.90) a 10.12 (+0.95) a 105.37 (x4.9) a 99.64 (+4.05) a

* Columns with similar letters are not significantly different at 1% level.
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Table 27. Means of effect of temperature on soluble carbohydrates, proline and phenolic compounds of grapevine
buds collected in January and March, 2016

Temperature - - Means (+ SE) -
°C) Proline (UM/gFW) Solution Carbohydrate (mg/gFW) Phenolic compounds (mg/gFW)
January 2016 March 2016 January 2016 March 2016
4 121.64 (+9.50) d 7.05 (x0.27) ¢ 79.99 (+2.5) ¢ 78.84 (+1.4) ¢
-17 155.60 (+10.02) ¢ 7.26 (+0.29) ¢ 95.55 (+3.9) b 92.25 (¥3.5) b
-19 173.54 (+10.14) b 10.19 (0.55) b 104.10 (#4.4) ab 94.83 (x4.1) b
21 189.58 (+10.51) a 12.79 (+0.61) a 113.12 (+3.2) a 106.85 (+2.6) a

* Columns with similar letters are not significantly different at 1% level.
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