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Seed-borne fungi: challenges in seed health testing for biosecu
and agricultural sustainability
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Table 1 Global invasion of some seed-borne plant pathogenic fungi

Pathogen Disease Crop Introduced Year
From To
Phytophthora Late Potato Peru Ireland 1830
infestans blight
Uncinula Pow- Grapes USA  England 1845
nicator dery
mildew
Plasmopara  Downy Grapes USA  France 1878
viticola mildew
Ophiostoma  Dutch  Elm Asia USA 1928-
ulmi elm 30
Hemileia Rust Coffee Brazil Africa. 1970
vastafrix Asia
Tilletia caries Bunt Wheat India  Mexico 1970
T indica Karnal Wheat India USA 1996
bunt
Magnaporthe Blast Wheat Brazil Bangladesh 2016
gressea
pathoype
Triticum
Cryvpho- Chest-  Chestnut Asia USA 1904
nectria nut
parasitica blight
C. parasitica Chest-  Chestnut Asia Italy 1938
nut
blight
Pseudocerco- Black  Banana Africa Brazil 1998
spora fijiensis Sigatoka

Source Akhtar et al. (2021)
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An Open Access Journal from The American Phytopal

Perspective
Seed Health Testing: Doing Things Right

Gerrit A. Hiddink® | Roland Willmann? | Joyce H. C. Woudenberg®® | Rose Souza-Richards® " |

Abstract

Since seeds can be a route for pathogen introduction, they are routinely inspected
and tested to prevent pest outbreaks and introduction into new territories. The

need for high throughput, short lead times, and cost reduction has played an im-

portant role in the development and application of technigues in seed health test-
ing. Examples are molecular and serological technigues, such as ELISA and PCR
assays, which are commonly called indirect tests. After signal detection in ELISA
or PCR assay a seed lot is a suspect lot that requires further investigation for
a final conclusion about the health status of the seed lot, since these tests do
not provide any information about pathogen viability or pathogenicity The seed
industry uses them as a prescreen to identify healthy seed lots and in combina-
tion with classical methods, commonly called direct tests, to confirm viability of
the target pathogen and demonstrate its pathogenicity. However, cutside industry,
indirect tests are increasingly used to make a final decision on the health status
of a seed lot. This has led to a growing number of seed lots being rejected when
the risk of introducing a pathogen to importing countries may have been negli-
gible. We propose that investments continue to be made in the development of
high-throughput prescreening detection methods like HTS and PCR assays, but
together with direct tests that enable accurate assessment of the risks involved
when target pathogens are detected using indirect tests. Close collaboration be-
tween molecular scientists and classical phytopathologists is essential.

Keywords: biological relevance, direct test, indirect test, seed movement
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’ DNA extraction from mycelia

’ 93 isolates ‘

PCR amplification
using specific
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Design of specific primers

Genes Primer
ITS region ITS1/ITS4
TUB EF1-728F/EF1-986R
CALM CAL228F/737R
EF 1o Bt2a/Bt2b

HIS CYLH3F/CYLH3R




14 fungal species were detected from the squash seeds

* Alternaria alternata

» Stagonosporopsis cucurbitacearum
» Fusarium fujikuroi

» Fusarium solani

* Albifimbria verrucaria*

e Stemphylium vesicarium*

 Pramyrothecium roridum*

* Fusarium oxysporum
* Curvularia spicifera

Specific primers designed

Target species Primer Sequence (5' to 3')
name?
Albifimbria Myroverr  5-TGTGAACCTTACCATATTGTTGC-3’
F1
verrucaria Myroverr 5’-CGTTCCAACTGCGAGGTTGT-3’
R1
Paramyrothecium MyI‘OI‘OI‘ F1 5’-CCCTTTGTGAACCTTACCTAT-3’
roridum Myroror R1  5’-AGCTCCAATGCGAGTTGTG-3"
Stemphylium Pleo F 5-TACACAATATGAAAGCGGGTTG-3’
vesicarium PleoR 5’-AAGGCTGATTCAAAGTGCAAG-3’
Pleo F1 5’-ATTCACCCATGTCTTTTGCG-3’

PleoR1 5’-AAATGTGGTCTTGATGGATGC-3”
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TUNISIA Group RGII
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Detection and Quantification of fruits
Stagonosporopsis cucurbitacearum

In01dence. of Stagonosporopsis 1.5% t0 65.4%
cucurbitacearum on seeds

in Seeds of Cucurbita maxima Using

Droplet Digital Polymerase Chain
Reaction
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Specific primers designed for DBF1 (5’-TCGAATGGCTCAGAGAAGGT-3")
dectection S. cucurbitacearum DBR1 (5’-AAGTCCACGTCAGACCCATC-3")
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Quantitative real-time PCR Droplet Digital Polymerase Chain Reaction

o Make droplets

C_S

Sample Blotter Molecular
code method (%) detection PR Ch1P0s272 Neg:174111
Conventional PCR” 40000 <02 CO1 GO2 AD1 B02 W02 FO2 FO1B01D02 GOI DOV HOY
Positive  Absolute
events quantification 35000 +
(copies/ul)
To6 250+23 + 22 22 30000 +
To3 B1x24 + & 0.8
TE3 400 + 4.1 ++ 48 5
TaT 0.6
mo1 | Blotter and ddPCR tests a
To . 0.00
s | sShowed a high degree of nos
™ | correlation (R2=0.986,p< | ¢
ToG 0.03
Td 0001)0 .35
TOS5 150 +26 s 13 0.07
IHga 0000 - 0 ]
wica - - 0 ]
R A e .

4|HS, healthy sead controd; WA, water control. 8 .
-, no ampificabon; +~, very wesk amplification, +, weak ampifcation; ++, 0 40000 80000
moderate ampification; ++-+, stong ampification. Event Number

120000 160000
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Antifungal Activity and Chemical Composition of Seven
Essential Oils to Control the Main Seedborne Fungi
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Fungicide
25 g/L difenoconazole plus 25 g/L Distilled
Marjoram#l fludioxonil istilled water

Origanum majorana L. 1 Lavandin
Lavandula hybrida

Lavender
Lavandula dentata L.

PDA + 7 EOs

Marjoram#2 Lemongrass Bay laurel
0. majorana .1~ Cymbopogon citratus  Laurus nobilis L. 0.150.25 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9 and 1 mg/mL
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Evaluation of Seven Essential Oils as Seed Treatments against
Seedborne Fungal Pathogens of Cucurbita maxima
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100%

90% -
80% -
g 70% -
g 60% =& Cymbopogon citratus
E’” 50%
E 40% —O==Fungicide
= 30%
20% == (Control Tween (20, 0,1%)
10%
0% I I
2 4 b 8 10 12
Days after seeding
Treatment Plantlets infection Disease incidence (%) Plantlets
(1)
() Leaves stems roots W)
C. citratus 30.0+4.4 b 18.743.3 a 28.3t4.5a 18.1+43 a 30.5¢1.1b
Fungicide 16.8+1.9 a 9.7t1.6 a 17.3£1.9a 17£2.1a 302+ 1.2b
Control 49.9+2.9 ¢ 30.3£5.2b 43+4.4b 43.1£3.2b 23.3+1.2a
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Conclusions

The cultural practices

|

Routine visual inspection of fruit

Asymptomatic squash fruits
—

Collection |
(1) T ° °
Symptomatic squash fruits ransmission
, 3)
Not enough to guarantee that the seeds OO
inside these fruits are health A D o
inside y Q \/,\ A Treatment

Essential oils

Select healthy plant 2% healthy seeds 4)

This study represents the first base-line characterization of seedborne fungi of
squash in Mediterranean Countries as Tunisia and Italy, where the majority of
growers extract themselves the seeds.

Persl;ective

Uses of healthy seeds are the best weapon to prevent many

diseases, and sowing seeds of local varieties is the best weapon w

against climate change and hunger. Select healthy fruit
from healthy plant
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