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ABSTRACT

Drought is one of the most important abiotic stresses that have effect on growth and physiological aspect of grape. In
this research effect of manganese sulfate on the morpho-physiological traits and superoxide dismutase enzyme
activity in Thompson seedless and Rotabi grape cultivars under invitro at drought stress was evaluated. The
manganese sulfate treatment was carried out across three levels, including MS without manganese (0 mg/L), MS with
a standard manganese concentration (16.9 mg/L) and MS with twice the standard manganese concentration (33.8
mg/L), and the drought stress treatment was performed across four levels using 0, 3, 9 and 12% (w/v) solutions of
polyethylene glycol (PEG) 6000 in two grape cultivars, namely seedless Thompson and Rotabi. The meristems of
shoot tip were used as explants. All growth parameters, including plant height, stem dry weight, leaf area, leaf
number and relative water content (RWC) were reduced under the impact of drought. However, manganese sulfate
treatment caused a significant increase in all these parameters at all concentrations. The highest amounts of
superoxide dismutase enzyme activity was observed in 33.8 mg/L MnSO, under drought stress with 12% PEG in the
Rotabi cultivar (65.4 Umin™gFW). The results of this research suggest that manganese sulfate treatment under
invitro condition can improve water stress tolerance in both grapevines seedless Thompson and Rotabi cultivars.
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Table 1- Results of variance analysis morphologic parameters in both grape plantlets subjected to water stress and
MnSQ; in invitro condition

Sources of Variation - Plar_1t Leaves - Root -
Height Dry weight stem  Number Leaf area index Length  Dry weight
Cultivar 1 11017 124.6™ 3652.7" 1239.97 413187 7557
MnSQ, treatment 2 22357 24.07 2263.0" 9665.2" 611.8" 499,77
Water stress 3 8559 49.25™ 1034.1" 2198.5™ 796.9” 58.2"
CultivarxMnSO, treatmentxWater stress 6 3.95 0.85 65.3" 96.2" 32.07 3.27
C.V - 13.9 19.8 12.9 11.8 19.2 15.9

S sire gl g g oy V) 9 O Jlasisl e 1o Jls e Dgld 3 4y 5% s
*, ** ns: Significantly difference at 5 and 1% of probability levels, and non-significant, respectively.
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Table 2. Mean comparison interaction effect of MnSO, on parameter morphologic of both grapevine cultivars under
water stress and in vitro condition

Plant Leaves Root
Experimental variant Height (cm) Dry weight stem Number Leafareaindex  Length  Dry weight

g (@ (mm?) (cm) @

MnSO, 0 mgl*x0% PEG 15.6% 45~ 19° 359" 14.4% 33
MnSO, 0 mgl*x3% PEG 11.3" 4.4 15" 30.1% 15.6% 33
MnSO, 0 mgl™*x9% PEG 9,14m 41% 147" 27.24 18.2% 2.4k
MnSO, 0 mgl*x12% PEG 6.9" 2.4 13.2" 184" 16.67 25
MnS0; 16.9 mgl*x0% PEG 18.3° 5.5° 35.6° 59.2% 14.4% 8.1%®
§  Mns0,16.9 mgI'x3% PEG 16.2% 4.4+ 29.7° 51.5° 16.3% 7.3
€ MnSO, 16.9 mgI'x9% PEG 115" 4.4 27.1° 29 19.7% 6.4
MnSO, 16.9 mgl*x12% PEG 9.8M 2.7 20.6% 39.1% 19.9% 5.4%
MnSO, 33.8 mgl™*x0% PEG 17.2% 46" 255° 36.8° 15.10 85°
MnS0O, 33.8 mgl™*x3% PEG 13.20 38° 22.2¢ 37.1¢ 19.2¢ 8.3
MnSO, 33.8 mgl™*x9% PEG 111" 4% 19.1° 32.9% 223" 6.9%
MnSO, 33.8 mgl™*x12% PEG 7.8™ 2.3 15.6% 31.4" 25.4° 6.2
MnSO, 0 mgl*x0% PEG 13.87 3.0° 1367 29.4% 37 2.4%
MnSO, 0 mgl*x3% PEG 9.9™ 2.1M 1119 28.8" 49™ 2.3k
MnSO, 0 mgl*x9% PEG 85™ 1.9" 10.8" 231" 8.7k 1.8%

8 MnsO,0mgl'x12% PEG 57° 15 8.8 15.8" 10.7" 1.7
8 MnSO,16.9 mgl'x0% PEG 16.3® 49 26.2° 51.3° 6.74 6.9%
2 MnSO;, 16.9 mgl*x3% PEG 14.4% 3.8 20.3% 485° 8.1 5.8
38 MnSO, 16.9 mgl'x9% PEG 11.2" 2.7 16.5' 42.3% 11.9" 54"
£  MnSO,16.9 mgl'x12% PEG 8.6™ 2.4 10" 35.4% 14,50 34
£  MnSO, 33.8 mgl'x0% PEG 14.8™ 2,97 15.20" 32,49 6.7" 7.8%
MnSO, 33.8 mgl'x3% PEG 12.3% 2.1M 14,59 30.3% 11.2/ 7.2%
MnSO, 33.8 mgl™*x9% PEG 10.7'% 1.7 10.9 27.2¢ 13.8% 5.7
MnSO, 33.8 mgl*x12% PEG 6.6™ 1.6 10.2 25.3™ 21.2% 5.2"

25505 o b (gl cime gl 9o y0 O Jletim ] mhans 45 (S5Is (503 by ai e S i slads > a5 o la g
*Values followed by different letters were significantly different according to Duncan’s Multiple Range Test at P<0.05.
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Table 3. Results of variance analysis measured MDA, SOD, Proline, Protein, Chlorophyll, Carbohydrate, EL and
RWC in grape plantlet subjected to water stress and MnSQ, in invitro condition

Sources of Variation MDA SOD Proline  Protein  Chlorophyll Carbohydrate EL RWC
Cultivar 1 0.7 17105 62.7 164 37 19.8 2360.3 2869.4
MnSQO, treatment 2 97" 907307 37117 156" 247 10057 9776~ 163.6™
Water stress 3 337 898357 4237 597 417 4657 992257 34527
Cultivar x MnSQ, treatment x Water stress 6 047 208.6™ 12" 0.9 0.1" 58" 844" 861"
CV 10.9 8.1 12.4 26.1 26.8 10.1 6.9 0.81
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*, ** ns: Significantly difference at 5 and 1% of probability levels, and non-significant, respectively,
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Table 4. Mean comparison interaction effect of MnSO4 on MDA, SOD, Proline, Protein, Chlorophyll, Carbohydrate,
RWC and EL on grapevines under water stress and invitro condition

- - MDA SOD Proline Protein Chlorophyll Carbohydrate RWC EL
Experimental veriant (omol g/PW) (Umin” g'FW) (ug FW) (ug g DW) (ag'Ew) (mag D w6 06
MnSO, 0 mgl™=0% PEG 87.3% 25.3°
MnSO, 0 mgl™*x3% PEG 1 0° 19 8J 5 5"K 2 8uET 1. 19°°“er 2 4IJ 84.7¢ 39"
MnSO, 0 mgl™*x9% PEG 14> 25' 6.6" 2.6%" 0.8" 3.9 81.3" 52.37
MnSO, 0 mgl*x12% PEG 1.4~ 37.8° 6.9" 2.6%9 0.4' 3.6" 79.7% 59.3*
_ MnSO, 16.9 mgl*x0% PEG 0.4¢ 19.7 4.94m 4.6° 1.6% 46" 88.0° 19.3'
€ MnS0,16.9 mgl™*x3% PEG 0.6" 29.1" 5.8% 43® 15® 6.6~ 827" 29
& MnS0, 16.9 mgl‘?xg% PEG 0.7" 342 7.8" 3.5 15® 7.5% 81.7¢ 49"
MnSQ, 16.9 mgl*x12% PEG 0.7 50.1° 6.8" 2.9% 0.5" 7.3 80.8" 54.5%
MnSO, 33.8 mgl™*x0% PEG 0.4™ 20.8 9.8" 3.6™ 15® 2.6' 90.9° 153"
MnSO, 33.8 mgl™*x3% PEG 0.44m 31.6° 10.7™ 3.3% 1.4 3.6" 873> 29
MnSO, 33.8 mgl™*x9% PEG 0.6" 48.2° 11.5° 3.2% 1.4% 5.7° 815" 375
MnSQ, 33.8 mgl*x12% PEG 0.6™ 65.4° 12.8° 3% 0.5" 5.4° 81.8° 57.3%
MnSO, 0 mgl™=0% PEG 07" 10.2" 4m 2.3 0.99 3.87 745  30.8
MnSO, 0 mgl™*x3% PEG 1.3° 11.5' 4.4™ 219 0.6" 2.4" 72.8¢ 46.5°
g MnSO,0 mgl‘?xg% PEG 1.4° 17¢ 5.6 219 0.4' 33" 720" 58"
2z MnSO, 0 mgl*x12% PEG 1.7 25.1' 5.8% 1.6° 0.3' 2.7 709" 69.2°
©  MnS0O, 16.9 mgl*x0% PEG 0.5" 20.6' 3.3" 4.2 1,300 2.07% 778" 23.8¢
2 MnS0, 16.9 mgl*x3% PEG 0.7" 25.9' 45M 3.5 1171 5.4° 76.4' 39.8"
2 MnS0, 16.9 mgI'x9% PEG 0.8" 30.8" 6.4" 2.7 0.9" 6.95™ 73.1¢ 585°
E‘ MnS0,16.9 mgl™*x12% PEG 0.9 37.1° 5.9% 2.19 1.0% 6.38° 7239 68.3
S MnSO, 33.8 mgl*x0% PEG 04" 25.5' 8.4" 2.9% 1.1%0 1.83¢ 82.9° 24.3¢
= MnSO, 33.8 mgl*x3% PEG 0.5% 31.5° 9.2¢ 2.6%9 1.0 2.75' 774" 39.8"
MnSO, 33.8 mgl™*x9% PEG 0.7 41.3° 10.1%® 2.6%"0 0.9" 45 76.1' 425"
MnSQ, 33.8 mgl"x12% PEG 0.7" 56.1° 10.9* 2.5 0.4' 4.6' 745 62.5°

Values followed by different letters were significantly different according to Duncan’s Multiple Range Test at P<0.05.
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