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Resistance Mechanisms to Vine Cicada (Psalmocharias alhageos) in
Four Grapevine Rootstocks
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Fig. 1. Life cycle and damage of vine cicada, A and B: Egg-laying branch, C: Freshly

hatched nymphs, D: Nymphs of different ages on the roots, E: The place where the

five-year-old adult cicadas emerge from the soil, F: A view of the cicada pest insect after

emerging from the pupal shell
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Table 1. Pedigree, some characteristics and origin of studied grapevine rootstocks

Rootstock «,  Pedigree o =5  Characteristic Ceesas Origin ze  Reference nde

Spoota b, V.vinifera cv. Jighjigha' x Riparia Gloire ~ Crown gall resistance b0l waesze  Urmia, Iran Oyl ens,)  Mahmoudzadeh, 2015

Nazemiyeh 4.bt V. vinifera cv. '‘Gharaozum' x Kober 5BB Crown gall resistance b0l waesis  Urmia, Iran Oyl ens,l  Mahmoudzadeh, 2015

Kober 5BB V. Riparia x V. berlandieri Resistance to phylloxera and IS e A etria Ui Corso and Bonghi, 2014
nematodes and drought stress tolerance S iS4 s

CH1 V. vinifera Lime and drought tolerant Sis 5 oSal cls 254 Joos  Qazvin, Iran oyl Rasolietal, 2023
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Fig. 2. Root sampling and preparation steps. A and B: digging out the ground and taking

out the soil around the root to 70 cm depth, C: wraping the root samples inside the

aluminum foil and D: putting the samples in liquid nitrogen
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Table 2. Analysis of variance for associated traits with insect in the of artificial

inoculation with vine cicada

3T a5 (> 4yl sl ok 5 Sl 0T Olge ey Comer oS5 O
S.0.V. Sl ok ae d.f. Initial egg number Hatched eggs Nymph establishment
Replication RS 2 251.50 48.90 0.027
Rootstock wl 3 1.44 33.12 28.800**
Error Las 6 4.36 89.90 2.870

*and *: Significant at the 1% probability level
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Table 3. Mean comparison of the associated traits with insect in the artificial inoculation

with vine cicada

(o35 a5l sl (1) o oo /5 gla o35 Ol e (1) 055 Comazr 0S5 Ol
Rootstock 4L Initial egg number Hatched eggs (%) Nymph establishment (%)
Spoota 5 ool 150+7.60 74.4+0.87 6.1+1.90b
Nazemiyeh — 4.bu 148+8.14 70.6+8.45 5.8+1.20b
Kober 5BB 146+9.50 69.0+10.40 0.0£0.00a
CH1 145+70.00 73.9411.70 1.4+0.23a

I 1 e D3l s ys gy el e 53 (S 0g05T bl y il 0 bt U syls 7 s Gl
Means followed by similar letters are not significantly different at the 5% probability level-using Tukey test.
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Table 4. Analysis of variance for total phenol and anatomical traits of the root of

grapevine rootstocks

ol Cals SGS Cals sl e S S Ol

ss5T a=,s  Epidermis Cortex Vascular  content Total
S.0.V. Sl ok ace d.f. thickness thickness cylinder phenol
Replication IS 2 20.20 1.48 21.23 1.85
Rootstock sl 3 20.10* 9.76 38.80** 2.26*
Error o 6 3.50 1.70 1.36 0.48

.MJA&;M):@JL}lCIMJJJl;&#%JJg:-:;e-:;e}-:r:
*and *: Significant at the 5% and 1% probability levels, respectively.
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Table 5. Mean comparison of the total phenol and anatomical traits of the root of

grapevine rootstocks

poal Sl S8 s 3T sl 2ee JS s Ol 5
(a3,50) (rns S0) (es,50) (s 0550 5 205 )
Epidermis thickness  Cortex thickness  Vascular cylinder ~ Total phenol content

Rootstock al, (um) (um) (um) (mg gDW™1)
Spoota G g 12.97+0.32 22.39+2.7 64.6+2.97b 3.50+0.16b
Nazemiyeh 4Ly 11.98+2.07 20.90+3.9 67.1+2.47b 3.10+0.60b
Kober 5BB 9.40+1.07 19.75+2.6 70.8+2.8a 4.70+0.67a
CH1 11.06+1.60 16.3+1.1 72.6+1.63a 4.86+0.81a

e sl Ao s oty Jla! e 3 (S5 05037 el A3l gr e o 0S5 Bl (1313 5T 05 5 53 ¢ gle S0

Ll

Means, in each column, followed by at least one letter in common are not significantly different at

the 5% probability level-using Tukey test.
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Fig. 3. Transverse section of the roots of the vine rootstocks, A: Kober 5BB, B: CHL1, C:

Spoota and D: Nazimiya with methylene-blue staining for measuring of the root

epidermis, cortex and vascular cylinder
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ABSTRACT
Ardjmand, A., Rasoli, V., Gharali, B., Abdossi, V. and Ebrahimi, R. 2024. Resistance mechanisms to
vine cicada (Psalmocharias alhageos) in four grapevine rootstocks. Seed and Plant, 40, pp.1 — 21
(in Persian).

Vine cicada (Psalmocharias alhageos) is one of the important pests of grapevines that
is existing in Iran, Afghanistan, southern regions of Russia, Turkey and Irag. The aim of
the present research was to determine the resistance mechanisms to vine cicada in four
grapevine rootstocks, Spoota, Nazemiyeh, Kober 5BB, and CH1. This research was carried
out using randomized complete block design with three replications and three vines in each
experimental unit at the Takestan grapevine research station from 2021 to 2023. The highest
pest establishment was observed in the roots of Spoota (6.1%) and Nazemiyeh (5.8%)
rootstocks. The highest total phenol was recorded in CH1 rootstock (4.86 mg gDW™) and
the lowest in Nazemiyeh rootstock (3.1 mg gDW™1). The highest root vascular cylinder was
belonged to CHI rootstock (72.6 pum). Considering that the cicada nymphs could not
establish (only few nymphs) on the root of the Kober 5BB rootstock, therefore, the
resistance mechanism in this grapevine rootstock was antibiosis. However, in the Nazimiya,
Spoota and CH1 rootstocks, the cicada was established and fed from their roots, but they
did not show any stagnating growth, therefore, the resistance mechanism in these rootstocks
identified as tolerance.

Keywords: Grapevine, resistance, tolerance, biological control, antibiosis.
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Introduction

Vine cicada (Psalmocharias alhageos) is one of the important soil-borne pests of vines
that is exisiting in Iran, Afghanistan, southern regions of Russia, Turkey and Iraq
(Esmaeili, 1991). In addition to the grapevine, this pest also damages temperate fruit trees
and causes the stagnating growth and eventually the vine dries up (Babaei, 1967). The
main damage of this insect pest is associated to the long-term feeding of the nymphs from
the sap of the vine roots. Due to the specific biological behavior of this pest, there is still
no effective practical method to prevent and reduce the cicada’s damage. Chemical
control methods have not been very successful (Valizadeh and Farazmand, 2009). Using
resistant rootstock is the most reliable approach to control vine cicada. The aim of the
present research was to determine the mechanisms of resistance to vine cicada resistance
in four grapevine rootstock, Spoota, Nazemiyeh, Kober 5BB, and CH1.

Materials and Methods

This research was carried out using randomized complete block design with three
replications and three vines in each experimental unit at the Takestan grapevine research
station from 2021 to 2023. Spawned branches with the vine cicada were collected and
five branches were placed next to each vine stem to facilitate the establishment of nymphs
in the root zone after hatching. Also, the amount of total phenolic compounds, the
thickness of the root layers, the formation of the cottonwood layer, and tylose were
recorded in the root. From the third year, the root zone of each vine was inspected for the
presence of the cicada nymphs aged 2 to 3 in autumn. Also, the total phenolic compounds,
the thickness of the root layers, the formation of the cottonwood layer, and tylose were
measure and recorded in the root. Analysis of variance performed for the collected data
using SPSS ver. 26. Mean comparison was done using Tukey test at the 5% probability
level. Pearson correlation employed to study the relationship between the quantitative
traits.

Results and Discussion

The highest cicada nymph establishment was observed in the roots of Spoota (6.1%)
and Nazemiyeh (5.8%) rootstocks, and very low pest nymphs establishment (only few
nymphs) was observed in Kober 5BB rootstock. Symptoms in aerial organs (such as delay
in germination, reduced growth and small leaves) caused by cicada infection were not
observed in none of the evaluated rootstocks. Alexandrov (2016) also reported that high
establishment of phylloxera pest was the effective criteria for selecting resistant plants.

The highest total phenol was recorded in CH1 rootstock (4.86 mg gDW™) and the
lowest in Nazemiyeh rootstock (3.1 mg gDW™). The highest and lowest of root cortex
thickness was observed in Spoota (22.39 um) and CH1 (16.3 um) rootstocks, respectively.
The highest and lowest of root cortex thickness was observed in Spoota (22.39 um) and
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CHI1 (16.3 um) rootstocks, respectively.

The highest root vascular cylinder was belonged to CHI1 rootstock (72.6 um), which
had no significant difference with root vascular cylinder in Kober 5BB rootstock (70.8
um). No tylose was observed in all investigated rootstocks, but cork texture was observed
in all rootstocks., Pegard et al. (2005) in the investigation of resistance to root-knot
nematode in Capsicum annuum cv. CM334 pepper, reported that due to the high thickness
of the epidermis and cortex in the cv. CM334, the nematode in the cortex layer stopped
and was not able to penetrate into the vascular zone of the root cylinder.

Considering that the cicada nymphs could not establish (only few nymphs) on the root
of the Kober 5BB rootstock, therefore, the resistance mechanism in this grapevine
rootstock was antibiosis. However, in the Nazimiya, Spoota and CH1 rootstocks, the
cicada was established and fed from their roots, but they did not show any side effects,
therefore, the resistance mechanism in these rootstocks could be referred to as tolerance.

References

Babaei, H. 1967. Vine cicada, Cicadatra ochreata Melichar. Applied Entomology and
Phytopathology, 27, pp.69-97.

Esmaeili, M. 1991. Fruit trees important pests. Sepehr Press, Iran. 578 pp. (in Persian).

Pegard, A., Brizzard, G., Fazari, A., Soucaze, O., Abad, P. and DjianCaporalino, C.
2005. Histological characterization of resistance to different root-knot nematode
species related to phenolics accumulation in Capsicum annuum. Phytopathology, 95,
pp.158-65. DOI: 10.1094/PHYTO-95-0158.

Valizadeh, H. and Farazmand, H. 2009. Study on the efficacy of different control
methods of vine cicada, Psalmocharias alhageos (Hem., Cicadidae) in Qom province.
Journal of Entomological Research, 1(3), pp.261-268 (in Persian).

“Corresponding author: spiigv@gmail.com Tel.: +982634853772

Received: 05 January 2024
Accepted: 16 April 2024

® 20230 Seed and Plant. This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
BY

any medium or format, as long as you give appropriate credit to the original author(s) and the source.

Y



