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Abstract

Tomato leaf curl Palampur virus (ToLCPalV) is a destructive bipartite begomovirus which recently is
responsible for huge losses to tomato and cucurbits production in Iran. In this research, the effect of the
silicon element, growth regulators including salicylic acid (SA), methyl jasmonate (MJ), brassinosteroids
(BR), silicon element (Si) and their interactions to response of ToLCPalV infection of the greenhouse
cucumber was studied. The study was performed as factorial experiment based on randomized complete
block design and carried out under greenhouse conditions in pots. Before planting, cucumber seeds were
presoaked separately in SA (0.5 millimolar), MJ (5 micromolar) and BR (1 micromolar). Subsequently, two
or three-leaf stage of cucumber seedlings was sprayed by Si solution (1 ml/lit), one week before
agroinoculation with ToLCPalV infectious clone. To analyze morphological and chemical characteristics,
plant growth parameters including fresh weight and plant height parameters and amount of the catalase,
peroxidase, polyphenol oxidase, ascorbate peroxidase and guaiacol peroxidase enzymes were assessed 30
days post agroinoculation with ToLCPalV infectious clone. Results indicated that, SA and combination of
MJ+Si and BR+Si treatments resulted in raising the enzyme levels which leads to delay in appearance of
ToLCPalV symptoms and decrease fresh weight and plant height parameters of plants. Based on the results
of this research, application of plant growth regulators with or without silicon element including SA, MJ,
MJ+Si and BR+Si could be resulted in increasing resistance in greenhouse cucumber against ToLCPalV
infection.
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Table 1. Symptom severity scale for greenhouse cucumber plants treated with growth regulators and

silicon element to evaluate plant resistance following agroinoculation with tomato leaf curl Palampur

virus. See Fig. 1 for detail of symptoms.

Severity
Treatment rating Symptoms Figure
. . ) General dwarfing and yellowing, marginal leaf necrosis and
Positive control (plant agroinoculated with ToLCPalV construct) +++ . . . la
interveinal chlorosis
Negative control (non-inoculated plant) - No symptoms 1b
Silicon (Si) +++ General dwarfing, mild yellowing and interveinal chlorosis 1c
Salicylic acid (SA) + Mild dwarfing and interveinal chlorosis 1d
Methyl jasmonate (MJ) ++ Mild dwarfing and yellowing and interveinal chlorosis le
Brassinosteroids (BR) ++ General dwarfing and yellowing and interveinal chlorosis 1f
SA+Si ++ Mild dwarfing and yellowing and interveinal chlorosis 19
MJ+Si + Mild interveinal chlorosis 1lh
BR+Si + Mild interveinal chlorosis 1i

+++ represent severe symptoms; ++, moderate symptoms; +, mild symptom and -, no symptoms
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Fig. 1. Symptoms of greenhouse cucumber plants treated with growth regulators and silicon element

following agroinoculation with infectious clone of tomato leaf curl Palampur virus at 30 dpi. See Table

1 for description of symptoms.
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Fig. 2. Results of the PCR assay to check the ToLCPalV infection of agroinoculated plants treated with

different growth regulators and silicon element (lanes 1-15). M, 1 kb DNA Ladder (Thermo Fisher

Scientific, USA).
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Fig 3. Effect of silicon element (Si, 1 ml/L) and growth regulators including salicylic acid (SA, 0.5
mmolar), methyl jasmonate (MJ, 5 micromolar) and brassinosteroids (BR, 1 micromolar) and
interaction of Si with growth regulators on plant fresh weight (a) and plant height (b), and activity of
ascorbate peroxidase (c), catalase (d), guaiacol (), polyphenol oxidase (f), peroxidase (g), total protein
(h) on infected cucumber with tomato leaf curl Palampur virus. Means with a minimum one common

letter, do not show statically significant difference in Duncan test (p>0.05).
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Table 2. Correlation coefficient between morphological (fresh weight and height) and biochemical (antioxidant enzymes) characters in greenhouse

cucumber plants treated with growth regulators and silicon element after agroinoculation with tomato leaf curl Palampur virus at 30 dpi.

Height Catalase  Guaiacol Ascorbate Polyphenol Peroxidase Protein Fresh Leaf
Variants (cm) (mg/g) Peroxidase (mg/g)  Peroxidase (mg/g)  oxidase (mg/g) (mg/g) (mg/g) weight symptoms
Height (cm) 1 0.70s s 0.53 s 0.70 s 0.70:
Catalase (mg/g) 1 0.86 0.91:
Guaiacol Peroxidase (mg/g) 0.66 0.64:
Ascorbate Peroxidase (mg/g) 0.73 0.61:
Polyphenol oxidase (mg/g) 1 0.64 s 0.514

Peroxidase (mg/g) 0.91:
Protein (mg/g) 0.88 %
Fresh weight 1

Leaf symptoms
Asterisk «, = and ns, represent significant level at 5% (p<0.5%), 1% (p<0.1%) and non-significant, respectively

SIS S OLalS 55 (SaST BT b 31 plardisn 5 (Ble gyl o 5 055 Jold) mldicon, G So om (Kimad o po Y s
.WWJMJ G\onésv#b" L eMJLo."J'j w}ﬁj\gam ;;’J‘ti""
Table 3. Correlation coefficient between morphological (fresh weight and height) and biochemical (antioxidant enzymes) characters in non-

agroinoculated greenhouse cucumber plants treated with growth regulators and silicon element.

Height  Catalase Guaiacol Ascorbate Polyphenol Peroxidase  Protein
Variants (cm) (mg/g) Peroxidase (mg/g) Peroxidase (mg/g) oxidase (mg/g) (mg/g) (mg/g)  Fresh weight
Height (cm) 1 0.61 s 0.82 3 3 0.7Lse 0.64 s 3
Catalase (mg/g) 1 0.66 3 0.76:
Guaiacol Peroxidase (mg/g) 1 0.83:
Ascorbate Peroxidase (mg/g) 0.81 s
Polyphenol oxidase (mg/g) 0.85::
Peroxidase (mg/g) 1

Protein (mg/g)
Fresh weight

Asterisk s represents significant level at 5% (p<0.5%)
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