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Abstract

Standardisation and unification of diagnostic methods and their improvement
were the first emerging problems when seed pathologists of different laboratories
and countries compared their own data. Classic methodologies have been focused
on fungi detection, principally by means of incubation and grow-out methods. De-
spite their utility, traditional methods are often time and space consuming and
sometimes they are not enough sensible to low levels of seed infection.

In the 1980’s new diagnostic technologies (i.e., ELISA, ISEM, etc.) were suc-
cessfully applied to the seed and they resulted very sensitive for the detection of vi-
ruses, bacteria and fungi at very low infection levels in the seed.

Recently, new emerging techniques based on DNA analysis (e.g. polymerase
chain reaction, PCR) resulted very efficient in diagnosis since they have high sensi-
tivity and specificity. Despite their advantages, DNA analysis results must be cor-
rectly interpreted because they do not distinguish between vital and non-vital
inoculum and there are no indications on the exact location of the inoculum in the
seed. Other problem could be the occurrence of false negative or false positive re-
sults. However, before the application of the innovative molecular techniques on a
large scale, it is necessary to compare the results obtained on the sub-samples in
different laboratories.
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Introduction

After the first clear demonstrations that seeds can be the primary source of
inoculum for the development of epidemics and that healthy seeds mean healthy
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crops, the diagnostic methodologies were studied and standardised by pioneers of
seed pathology. It has been demonstrated that seed quality can be monitored in ad-
vance by preventive actions such as seed health analysis. Initially, visual tests to
detect smut balls and sclerotia associated with seeds were used together with
other methods, which were normally adopted to identify pathogens in other plant
parts (leaves, stems, roots). Sometimes, modifications of diagnostic techniques
were necessary and applied to the seed, due to the biodiversity of plant pathogens,
the different kind of seeds and the inoculum location in the seed. The increasing
interest for seed quality led to the foundation of the first Seed Testing Station in
the world by Friedrich Nobbe in Tharandt (Germany) in 1869. In 1876, he pub-
lished the “Handbook of seed science” (“Samenkunde”). With the increasing re-
quest of pathogen-free seed, the first laboratory of seed health testing was
established in Wageningen (The Netherlands) in 1918 and L.C. Doyer was ap-
pointed as the first official seed pathologist in 1919. During the last century, Con-
gresses on Seed Testing were organised in different parts of the world with two
breaks during the two World Wars. In particular from 1950 Congresses of seed pa-
thology were held in the five continents every three years.

Standardisation, unification and improvement of diagnostic methods were the
first emerging problems when seed pathologists of different laboratories and coun-
tries compared their own data. After some meetings held in different parts of Eu-
rope, the International Seed Testing Association (ISTA) was founded during the
Congress held in Cambridge in 1924. The technical committee “Investigations of
Genuineness of Variety and of Plant Diseases” was established, and subsequently
the Plant Disease Committee (at present Seed Health Committee), became active
in the improvement of seed health testing.

The main purposes of the Committee have been the standardisation and im-
provement of methods to be applied to the seed. Such an activity was strongly
stimulated by the programme established in 1957, together with the organisation
of workshops concerning emerging problems in different parts of the world.

As aresult of ISTA activities, manuals and papers concerning seed health meth-
ods were published. The first publication to describe reproducible methods for the
detection and the identification of fungi, bacteria, nematodes and insects associ-
ated with seeds was performed by L.C. Doyer in 1938 (“Manual for determination
of seedborne diseases”), and other important publications concerning seed testing
were published later (Agarwal and Sinclair 1987, Champion 1997, De Tempe
1961, De Tempe and Binnerts 1979, ISTA... 1979, International... 1999, An-
nexes... 2003, Machado et al. 2002, Mathur and Kongsdal 2003, Muskett and
Malone 1964, Neergaard 1979).

Traditional methods

During the activities carried out in the past, some classic diagnostic methods
have been standardised and have been applied to seed samples for a long time. Ini-
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tially, they focused principally on the presence of fungi in the seeds but, with the
increasing knowledge on pathogen seed transmission, also viruses and bacteria
were detected.

Direct inspection of dry seeds

Fungal structures (sclerotia, encrusted mycelium) and/or particular effects of
pathogens on the seed surface (discoloration, pigmentation, etc.) are detected by
naked eye or by the use of optical lenses, stereomicroscopes (ergot of cereals, pur-
ple stain of soybean, black point of wheat etc.) (De Tempe and Binnerts 1979).

Washing test

With the washing test, the inoculum located on the seed surface (oospores of
downy mildew fungi, teliospores of smuts and bunts, etc.) is detected. The test
consists of the microscopic examination of the suspension obtained by shaking the
seeds in water containing a tensioactive agent (i.e. Tween 20). The inoculum can
be observed after cycles of centrifugation and resuspension of the pellet in water.
This method is suitable for the detection of the most common causal agent of dis-
eases that contaminate seeds (Tilletia spp. — wheat, Keitreiber 1984, Puccinia
carthami Cda. - safflower, Cappelli and Zazzerini 1988).

Incubation methods

Incubation methods are the most popular and frequently used for the detection
of a great number of seed-transmitted pathogens (Alternaria spp., Drechslera spp.,
Fusarium spp., Stemphylium spp. etc.) (De Tempe 1961, De Tempe and Binnerts
1979). Seeds are incubated for five-seven days at 20-25°C in Petri dishes contain-
ing filter papers (blotters) or different agar media (media can be selective or
semi-selective with the addition of specific chemicals), under 12 h of photoperiod
with NUV light. In the 2,4 D blotter method and in the deep-freezing blotter
method, seed germination is inhibited by the herbicide 2,4 D or low temperatures
(=20°C for 24 h), respectively. In both procedures vitality of seed tissues is dis-
rupted and present fungi easily develop in a limited space. After the incubation pe-
riod, fungi developed on each seed are examined by mean of stereomicroscope
or/and compound microscope for the determination of the morphological charac-
ters of conidia, spores, etc. These routine methods are also useful to detect new
seed-transmitted pathogens (i.e. Stemphylium herbarum Simmonds on red chicory -
Cappelli et al. 2002).

Growing-on tests (seedling symptom tests)

Seeds are sown in greenhouse in suitable substrates (brickstone, sand or other
sterile substrate, agar tubes, etc.) in different environmental conditions. This
method is particularly useful when seedlings show symptoms in a short time
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(Stagonospora nodorum (Berk.) Castellani & Germano, Alternaria linicola Groves &
Skolko, Bipolaris sorokiniana (Sacc.) Subram. & Jaim etc.).

Staining tests

In particular situations, when the inoculum is located in the internal tissues of
the seed and it is impossible to detect the fungi in a reasonable time with the above
mentioned methods, some staining compounds specific for fungal hyphae (i.e.
trypan blue, aniline blue, rose bengale etc.) are available. For example, the pres-
ence of typical mycelium of Neotyphodium spp. in perennial ryegrass and tall fescue
seeds was observed in a preparation obtained after seed softening in a NaOH solu-
tion for about 15 h and by crushing them under a coverslip on a microscope slide
(Shelby and Dalrymple 1987, Welty and Rennie 1984).

Embryo count

When the inoculum of a fungus is located in the embryo (Ustilago nuda (Jens.)
Rostr., U. tritici (Pers.) Rostr.), the separation of the embryo from the rest of the
seed for microscope observations is necessary (Rennie 1982). The method has
been improved avoiding the use of phenol and reducing the number of embryos ex-
amined per seed sample (Khanzada et al. 1989, Cappelli et al. 1993). Other appli-
cations regard Sclerospora graminicola (Sacc.) Schroet in pearl millet.

Serological methods

In the 1980’s, new diagnostic technologies based on serological characters be-
came available in plant pathology and they have been successfully applied to seed
testing. Serological tests (ELISA, ISEM, immunoblot etc.) resulted very efficient
for the detection of viruses, bacteria and fungi in the presence of very low levels of
inoculum, on samples of 5000 to 10 000 seeds. Recently, the immunoblot method
has been included in the ISTA working sheets for the detection of Neotyphodium
spp. in tall fescue and perennial ryegrass (Hill 2003).

These methods are very useful especially for biotrophic pathogens such as vi-
ruses and for some fungi characterised by a very slow growth in agar culture.

Innovative methods

During the last 15 years, new emerging techniques based on DNA analysis for
detecting microorganisms in seeds have been developed. These new methods in-
clude the polymerase chain reaction (PCR) and other DNA-based detection sys-
tems such as Bio-PCR, Immunomagnetic Separation and PCR (IMS-PCR),
Magnetic Capture Hybridization and PCR (MCH-PCR), real time PCR and DNA
chip technology (microarrays).
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1. PCR consists in the in vitro enzymatic amplification of an initial quan-
tity of target DNA (Erlich et al. 1988) and, due to its specificity, speed and sen-
sitivity, it has been already used in the diagnosis of many seedborne pathogens
(Table 1).

2. Bio-PCR consists of the preventive growth of target pathogens on se-
lective media and their selective increase, relative to non-target microorgan-
isms, followed by DNA extraction and amplification by PCR (Schaad et al.
1995).

3. In IMS-PCR, small magnetic beads, coated with antibodies for a spe-
cific microorganism, are able to selectively bind target cells from suspensions
containing a mixture of cells (Olsvik et al. 1994, Walcott and Gitaitis 2000).
Captured cells can then be incubated on selective media in order to increase the
amount of the target pathogen or, alternatively, they could be used directly for
DNA extracion and PCR.

4. In MCH-PCR, magnetic beads coated with single stranded DNA
probes are used to capture DNA fragments which will be used for PCR. This
technique has been successfully used to detect fungi, viruses and bacteria in ma-
terials containing PCR inhibitory compounds (Jacobsen 1995).

5. Real time PCR consists of coupling DNA amplification with fluorescence
substances which can be easily measured, giving an indirect measurement of
DNA amplification. This is the case of TagMan (Heid et al. 1996, Taylor et al.
2001) where fluorescence is directly linked to the excision of reporter dye mole-
cules, which is directly related to DNA amplification.

6. With DNA chip technology (Lemieux et al. 1998), a great number of
oligonucleotides are positioned on a small glass or silica surface (chip). Target
pathogen DNA is digested into small fragments which are labelled with fluore-
scent markers and hybridised with oligonucleotides on the DNA chip. The pres-
ence of fluorescence indicates if the pathogen of interest is present in the chip
specific for that pathogen.

Table 1
Selected seed-borne fungi detected by the PCR method
Fungus Host References

Leptosphaeria maculans (Desm.) Ces. & De Not. rapeseed Taylor 1993
Pyrenophora spp. barley Blakemore et al. 1994
Diaporthe phaseolorum(Cooke & Ellis) Sacc. soybean Blakemore et al. 1994
Fusarium moniliforme Sheld. maize Blakemore et al. 1994
Tilletia indica Mitra wheat Smith et al. 1996
Fusarium poae (Peck) Wollenw. wheat Parry and Nicholson 1996
Plasmopara helianthi Novot. sunflower Roekel-Drevet et al. 1999
Fusarium subglutinans (Wollenw. & Reinking) Nelson et al.| maize Moller et al. 1999
Alternaria linicola Groves & Skolko linseed McKay et al. 1999
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Discussion and conclusions

At present, a number of traditional methods are available for the detection of
seed-transmitted pathogens in the seed. In over 80 years of ISTA’s activity some
methods are universally well known and applied. Despite their utility, these meth-
ods are often time and space consuming and sometimes they are not sensible
enough to low infection levels. For these reasons, new solutions and method im-
provements have been studied and an important role was played by the compara-
tive tests carried out within and between laboratories.

The possibility to apply some DNA based methods to the seeds, gave a very
strong stimulation to the study of new solutions for seed health testing. All meth-
ods resulted very efficient in diagnosis as they have high sensitivity and specificity,
the results can be obtained in a reasonable time and they resulted amenable to au-
tomation. Despite the advantages of these methods, there are some problems to be
solved in order to give a correct interpretation of the results and to predict the
phytopathological performance of seeds in the field.

PCR has some disadvantages due to the false negatives (inhibition of PCR reac-
tion by various compounds contained in seeds) and false positives (amplification
of DNA from non viable cells). PCR cannot distinguish between viable and non vi-
able cells and Bio-PCR can be applied only to culturable bacteria and fungi and re-
quires well defined selective media for each target pathogen.

IMS-PCR has the advantages of being more efficient and sensitive than conven-
tional PCR but it relies on specific antibodies which are not always available. More-
over, due to the difficulty of beads for capturing cells of filamentous fungi, it can be
successfully used for bacteria only.

MCH-PCR, despite its great potential for detecting seed-borne pathogens, it
has not been applied for this purpose. This technique is rapid and able to overcome
the inhibitory effects of seed compounds but cannot distinguish between viable
and non viable cells.

Real time PCR has the possibility of quantifying a certain pathogen in a seed
lot, all the process is completed inside the same machine, so that there is no need
for electrophoresis, and a general increase in the efficiency and rapidity in compari-
son to conventional PCR. Conversely, machines and probes for real time PCR are
still quite expensive.

DNA chip technology offers the possibility of detecting more pathogens at the
same time and a low completion time.

For these reasons, DNA analysis results must be correctly interpreted because,
in addition to the above mentioned problems, there are poor indications on: 1) the
type of the inoculum (i.e. mycelium, conidia etc.), 2) the exact location of the
inoculum (i.e. embryo, in teguments etc.), 3) the number of infected seeds.

Despite the above mentioned inconveniences, DNA based tests represent an
important resource for the future of seed health testing. In particular it is desirable
that more advanced methods will be developed to detect the presence of vital
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pathogen cells in seeds or to identify and characterise, at intraspecific level, the
pathogens extracted from seeds (formae speciales, pathovars, races).

However, before the routine use of innovative molecular techniques, it is neces-
sary to compare the results obtained on seed sub-samples in different laboratories.
The integration of different methods (traditional and innovative), depending on the
particular features of each host-pathogen combination, could be conveniently used
in order to select only for the advantages, avoiding the limitations of each method.
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