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e Tobacco mosaic virus (TMV)

* Tomato mosaic virus (ToMV)

Tomato brown rugose fruit virus (TOBRFV)
e Cucumber fruit mottle mosaic virus (CFMMV)

* Cucumber green mottle mosaic virus (CGMMV)
* Pepper mild mottle virus (PMMoV)

*Paprika mild mottle virus (PaMMV)




What are the key strategies for tobamovirus management?
ChatGPT answer:

Tobamoviruses are a group of plant viruses that infect a wide range of crops, including tomatoes, peppers, and tobacco. Managing tobamovirus
infections requires a combination of preventive and control strategies. Here are some key strategies for tobamovirus management:

Use virus-free planting material: start with certified, virus-free seeds or seedlings to minimize the introduction of tobamoviruses into your crop.
Ensure that the seed source has been tested and certified to be free from tobamovirus infections.

Sanitation and hygiene: Practice good sanitation and hygiene measures to prevent the spread of tobamoviruses.

Clean and disinfect tools, equipment, and greenhouse structures between uses.
Avoid contact with infected plants and remove and destroy any symptomatic plants immediately.

Crop rotation: Implement crop rotation practices to break the disease cycle. Avoid planting susceptible crops in the same area where tobamovirus-infected

plants were grown in previous seasons. This helps reduce the buildup of the virus population in the soil.
Vector control: Tobamoviruses are primarily transmitted through mechanical means, such as contaminated tools, hands, or insects. Minimize the movement of
potential vectors, such as aphids and whiteflies, through the use of insect screens, sticky traps, or appropriate insecticides.

Resistant cultivars: whenever possible, choose tobamovirus-resistant cultivars for your crop. Plant varieties that have been bred for resistance to specific
tobamovirus strains can significantly reduce the impact of the disease.

Avoid tobacco use: Since tobamoviruses can infect tobacco plants, it is essential to prevent the use of tobacco products, such as cigarettes, near susceptible crops.
Workers should also avoid tobacco use while handling or working with plants to prevent mechanical transmission.

Monitoring and early detection: Regularly monitor your plants for symptoms of tobamovirus infection, such as mosaic patterns, leaf distortion, and
stunting. Early detection allows for prompt action, such as isolation and destruction of infected plants, to prevent further spread.

Integrated Pest Management (IPM): Implement an integrated approach to pest management that combines various strategies, including cultural, biological, and
chemical control methods. This approach can help reduce the overall pest and disease pressure, including tobamoviruses.

Education and training: Provide education and training to farmers, workers, and other stakeholders involved in crop production. Teach them about the
symptoms of tobamovirus infections, proper sanitation practices, and other management strategies to ensure their understanding and active participation in disease
control. It is important to note that specific management strategies may vary depending on the type of tobamovirus, the crop being grown, and the local conditions.
Consulting with agricultural extension services or plant pathologists familiar with your region can provide valuable guidance for effective tobamovirus management.
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First report of Cucumber greem mottle mosaic virus in Snake gourd
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Reingold, V., Lachman, O., Belausov, E., Koren, A., Mor, N., Dombrovsky, A. (2016). Epidemiological study of cucumber green mottle mosaic virus in greenhouses
enables reduction of disease damage in cucurbit production. Ann. Appl. Biol. 168, 29-40.

Philosoph, A. M., Dombrovsky, A., Elad, Y., Jaiswal, A. K., Koren, A., Frenkel, O. (2018). Combined infection with cucumber green mottle mosaic virus
and Pythium species causes extensive collapse in cucumber plants. Plant Dis. 102, 753—-759.

Philosoph, A. M., Dombrovsky, A., Elad, Y., Koren, A., Frenkel, O. (2019). Insight into late wilting disease of cucumber demonstrates the complexity of the phenomenon in
fluctuating environments. Plant Dis. 103, 2877-2883.
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Cucumber green mottle mosaic virus
(CGMMYV)

Tomato brown rugose fruit virus
(ToBRFV)

Pepper mild mottle virus (PMMoV)

Resistance genes in commercial vegetable varieties
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Fluorescent labeling using anti-CGMMYV antibody and
secondary antibody conjugated with alexa 488
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World distribution of ToOBRFV

EUROPEAN AND MEDITERRANEAN PLANT PROTECTION ORGANIZATION
ORGANISATION EUROPEENNE ET MEDITERRANEENNE POUR LA
PROTECTION DES PLANTES

20- 26052

Pest Risk Analysis for

Tomato brown rugose fruit virus (Tobamovirus)

Tomato brown rugose fruit virus (TOBRFV)

September 2020

2023-05-14 _—
(c) EPPO hitps://gd.eppo.int 21 Boulevard Richard Lenoir
75011 Paris

www.eppo.int
hg@eppo.int

O Present @ Transient

The risk assessment follows EPPO standard PM 5/5(1) Decision-Support Scheme for an Express Pest Risk
Analysis (available at http://archives.eppo.int/EPPOStandards/pra.htm), as recommended by the Panel on
Phytosanitary Measures. Pest risk management (detailed in ANNEX 1 and ANNEX 2) was conducted

Fi rst re po rt I n \]0 rd an an d I Srae I (Sal em et al . 20 16 ’ Lu rl a et al o 20 1 7) according to the EPPO Decision-support scheme for quarantine pests PM 5/3(5). The risk assessment uses

the terminology defined in ISPM 5 Glossary of Phytosanitary Terms (available at
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Amaranthus sp.

Amaranthaceae D'"TIAY!
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Virions purifications from 100 gr soil and detection of viral particles by TEM



CGMMV detection

ELISA / Bioassay
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Completed field bed sites with insect proof netting at each of the four field site locations (IPs).
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30cm 20 cm 10cm 5cm Date and time 30cm 20 cm 10 cm 5cm Date and time
40.228 42.803 48.172 51.489 15:48 08/07/2012 35.235 37.261 41.502 44.472 15:47 08/07/2012 1N 9"In 20 12
40.746 43.647 48.504 50.578 16:48 08/07/2012 35.582 37.755 41.531 43.647 16:47 08/07/2012
41.298 44.165 47.842 48.637 17:48 08/07/2012 35.877 38.087 41.065 42.031 17:47 08/07/2012
41.707 44.319 46.77 46.545 18:48 08/07/2012 36.146 38.226 40.142 40.171 18:47 08/07/2012 wUTIN 7w ﬁDIP]’]'? 1710 10N
42.001 44.196 45.436 44.38 19:48 08/07/2012 36.335 38.143 39.065 38.337 19:47 08/07/2012 NI'VF9I' NN NY10 NYao 'XNI
42.149 43.829 44.073 42535 20:48 08/07/2012 36.444 37.893 37.949 36.742 20:47 08/07/2012
42.119 43.344 42.863 41.094 21:48 08/07/2012 36.471 37.563 36.987 35.582 21:47 08/07/2012 onN'n v
42.031 42.803 41.854 40.142 22:48 08/07/2012 36.444 37.178 36.173 34.624 22:47 08/07/2012
41.854 42.267 40.978 39.177 23:48 08/07/2012 36.362 36.824 35.502 33.887 23:47 08/07/2012
41.619 41.736 40.2 38.393 00:48 09/07/2012 36.254 36.471 34.916 33.183 00:47 09/07/2012
41.385 41.268 39.488 37.48 01:48 09/07/2012 36.119 36.119 34.334 32.613 01:47 09/07/2012
41.123 40.775 38.812 36.769 02:48 09/07/2012 35.931 35.77 33.835 31.996 02:47 09/07/2012
40.833 40.314 38.198 36.092 03:48 09/07/2012 35.77 35.448 33.313 31.433 03:47 09/07/2012
40.573 39.886 37.59 35.529 04:48 09/07/2012 35.582 35.102 32.872 31.026 04:47 09/07/2012
40.286 39.46 37.124 35.128 05:48 09/07/2012 35.395 34.783 32.536 30.773 05:47 09/07/2012
40 39.065 36.688 34.863 06:48 09/07/2012 35.208 34.492 32.253 30.697 06:47 09/07/2012
39.715 38.728 36.606 35.422 07:48 09/07/2012 34.995 34.255 32.278 31.484 07:47 09/07/2012
39.46 38.476 37.151 37.151 08:48 09/07/2012 34.836 34.097 32.846 33.391 08:47 09/07/2012
39.262 38.504 38.393 39.743 09:48 09/07/2012 34.677 34.097 34.071 36.092 09:47 09/07/2012
39.149 38.784 40.142 42.684 10:48 09/07/2012 34.572 34.334 35.662 38.588 10:47 09/07/2012
39.149 39.346 42.031 45.186 11:48 09/07/2012 34.545 34.783 37.206 40.602 11:47 09/07/2012
39.29 40.142 44472 49.615 12:48 09/07/2012 35.368 38.616 42.297 12:47 09/07/2012
39.573 41.21 47.06 52.746 13:48 09/07/2012 36.012 39.886 43.525 13:47 09/07/2012
40 42356 48.871 54 413 14:48 09/07/2012 36.688 40.862 44.349 14:47 09/07/2012
40.516 43.374 49.922 54.754 15:48 09/07/2012 37.288 41.414 44.288 15:47 09/07/2012
41.065 44.165 50.162 53.962 16:48 09/07/2012 37.783 41.531 43.768 16:47 09/07/2012
41.56 44.688 49.513 51.952 17:48 09/07/2012 SNl P S 17:47 09/07/2012
41.972 44.843 48.437 49.513 18:48 09/07/2012 SCR 206 =i L O i
42.267 44.75 46.931 46.577 19:48 09/07/2012 38.309 Ba858 SO0 ek G A

42.416 44.38 45.248 44.135 20:48 09/07/2012 — . —— 20:47 09/07/2012
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Disinfection Efficacy of Tobamovirus-Contaminated Soil in
Greenhouse-Grown Crops
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a7 nMaT MRk CGMMYV »w oo

Darzi, E., et al. "The honeybee Apis mellifera contributes to
Cucumber green mottle mosaic virus spread via pollination." Plant
Pathology 67.1 (2018): 244-251.

Levitzky N, Smith E, Lachman O, Luria N, Mizrahi Y, Bakelman H, Sela N,
Laskar O, Milrot E, Dombrovsky A. The bumblebee Bombus terrestris
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In Australia, honey bees are
reqularly used to provide
managed pollination services to

cucurbit crops.

Honey bees are a mechanical vector of cucumber green
maottle mosaic virus (CGMMWY). CGMMY is a plant virus and
i= not known to replicate in honey bees or in their hives. IF
honey bees visit a flower on a plant infected with CGMMWY
and then visit a Flower on a clean cucurbit plant, they

are likely to transmit the virus. CGMMVY accumulates in
honey bee hives when bees collect nectar and pollen from
plants infected with CGMMW.

Once inside a honey bee hive, CGMMY can remain viable
in honey and pollen For at least 6 months. This could

be of concern if you are working your hives and place
CGMMV-positive hive material on the ground.

However, the CGMMY on Forager bees is not able to be
transmitted For the same period. If a bee hive is moved
away From a source of CGMMV infected plants, after
some time the honey bees From that hive are unlikely to
introduce CGMMV intoe clean plants.

The risk of pollinating honey bees transferring CGMMY by
maoving hives between cucurbit crops is low if vou have a
resting period of one month between sites.

Figure 1: Honey bee CGMMY transmission pathways
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W
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Lower risk
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Biosecurity management of hive materials and the external
surfaces of hives (ensuring they are clear of soil, debris

and plant material) is still necessary to manage the risk of
transporting CGMMY on equipment.
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Klein et al., 2023, Viruses
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Experiment steps:

1. Removal of infected plants
2. Soll inoculation

3. Root wounding

4. Protectant application

5. planting

Water




ALY lerael innovation Selected technologies used for root protection
¢ J1 Authority
Root coating formulation No. Plants | No. Infected |% infection

Positive control (uncoated roots) 21 21 100

Negative control 25 0 0
1.5%MC 21 4 19.05
g 111129 N¥iay | 1.5%MC+3%C1-TSP 13 0 0.00
1.5%MC+2%NaDCC 5 0 0.00
JE 5%PVA 15 2 13.33
— 1D N 50 pyasouNaDCC 19 2 10.52
R 5%PVA+ 3%CL-TSP 23 1 434
_: Silica Pickering emulsion 17 1 5.88
= TN N¥Ay | PVA Pickering emulsion 18 4 2222
& Silica Pickering emulsion+3%CIl-TSP 18 1 5.56
5 PVA Pickering emulsion+2%CI-TSP 19 5 26.32
Silica Pickering emulsion+15%Cu-Thymol 19 2 10.53

0.75%SAP 16 0 0

[VI2"719 MNN | 750,54 P+15%Cu-Thymol 17 3 17.61

AR N TG 759 SAP+15%Cu-Thymol+ 3%CI-TSP 14 0 0

0.75% SAP+3%CI1-TSP 10 0 0

*MC, Methyl Cellulose, SAP- Super Absorbent Polymer, PVA-Polyvinyl Alcohol CI-TSP- Chlorinated Tri Sodium Phosphate









Analysis of the Spatial Dispersion of Tomato Brown Rugose Fruit Virus on Surfaces in a Commercial
Tomato Production Site

Ehlers, J.; Nourinejhad Zarghani, S.; Liedtke, S.; Kroschewski, B.; Buttner, C.; Bandte, M.. Horticulturae 2023, 9, 611
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Sample location: Accommodations

D"IANN NITX
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Objects and surfaces from which swab samples were taken for possible contamination with ToBRFV. ‘(A)’ = hand rail; ‘(B)’ = door handle; ‘(C)’ = green sap stained
wall; {(D)’ = light switch; ‘(E)’ = kettle; ‘(F)’ = cabinet handle; (G)’ = foot mat; ‘(H)’ = trolley; ‘(1)’ = pipe; ‘(J)’ = foil; ‘(K)’ = controls of lift truck; and ‘(L) = lift truck.



Procedure for sampling with wipe samples in a
ToBRFV-infested tomato farm. (A) Templates of 2
x 5 cm size made in a 3D printer. (B) Sampling of
a suspected contaminated light switch with a
moistened viscose swab on a defined surface. (C)
Viscose swab after sampling.
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Number of ToBRFV-contaminated swab samples taken from different surfaces in the production area and accommodation
dependent on visual staining with plant sap or plant debris determined by mechanical inoculation of the indicator plant Nicotiana
tabacum cv. Xanthi NN with swab samples. ‘Production area’ = greenhouse, packaging hall, vehicle, and office (restricted access).
‘Accommodation’ = shared and private accommodation. p value from Fisher’s exact test comparing the ratio of ToBRFV-
contaminated to non-contaminated surfaces between visible dirty and clean surfaces.
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Proportion of TOBRFV-contaminated samples taken from different protective items worn for one
day in a ToBRFV-infested greenhouse determined by mechanical inoculation of the indicator
plant Nicotiana tabacum cv. Xanthi NN.



B ToBRFV-contaminated samples Not ToBRFV-contaminated samples

ToBRFV-infested farm determined by mechanical
inoculation of the indicator plant Nicotiana
tabacum cv. Xanthi NN.

0110 BED SHEET

Descending

layers of the
bed

MATTRESS
COVER

N v noy PILLOWCASE P.roportlo_n of TOBRFV-contaminated samples of
different items from beds of employees in a
H
MATTRESS H

Cleaning of Tomato brown rugose fruit virus (ToBRFV) from
NIPAX ¥ N7y NIX NINAY 2" INNAN 7NN NNy

Contaminated Clothing of Greenhouse Employees
Ehlers, J.; Nourinejhad Zarghani, S.; Kroschewski, B.; ToBRFV -n D'TaIyn 12 7w 1o'n / 'z nomd

Buttner, C.: Bandte, M. Horticulturae 2022, 8, 751.




Analysis of the Spatial Dispersion of Tomato Brown Rugose Fruit Virus

on Surfaces in a Commercial Tomato Production Site
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