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SIITNED 25 1 & 2 non-Cestructive method of seed health testing. However, the
EnByst shouic know what he will be looking for, in examination of dry seeds for
healh testing. There are varicus fypes of symptoms that the pathogen produces
on e seed surface. These symptoms have been described in folloswing pages. |
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714.1.2 Seed necroses

Most of th:ej Zﬁ:drl;c;g:t Ddathogens Produce superficial symptoms on seed

urface, an ; €d only upto seed-coat or the pericarp of the seed

ngever; the bspeeues of Colletotrichum and Ascochyta causing anthracnose ir;
seeds of soybean, pea and cowpea often pene i

~styledons pro ducing necrotic feslaiic. Penetrate deep into the fleshy

7.1.1.3 Shrunken seeds

The seed size may be reduced either dye to fungal infection or'may be due to
poor devalopment of the seed. Many pathogens cause reduction in seed size.

e.g.
Septoria nodorum in wheat
Drechslera teres in barley
Alternaria brassicicola in crucifers
Phoma lingam in crudifers
Septonia linicola in flax
Pernospora destrugtor in onion
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CHAPTER
7.1 DETECTION OF FUNGAL PATHOGENS
Mormally, the seed nalysts are well versed with the procedures involived u i

pesting the seed samples for purity analysis, germination and motsture Contasg
etr., but they are almost ignorant about the procedures involved in seed heglh
testing. 50, an attempt has been made to descnbe in detall the varnous siess
involved in anaiyzing the sced samples for seed health. Accordingly, for |
determining the health status of a seed sample the analysis may be done in
foliowing steps :

7.1.1 Examination of dry seeds

The first step in seed health testing is the examination of the dry seeds with nakeq !
eye or with the help of a hand lens. A number of seedborne pathogens often
produce a discolouration an seed surface. Even saprophytes or weak pathogens
may produce a discolouration which reduces the commercial value of the seed
particularly when it is to be used for human consumption. As per Internationaj
Seed Testing Association Rules (Anon, 2008) the entire submitted sample, ora
portion of it, depending on the test method, may be used as a working sample
for seed health. For examination of dry seeds, entire seed sample should be
examined as it is @ non-destructive method of seed health testing. However, the
analyst should know what he will be looking for, in examination of dry seeds for |
health testing. There are various types of symptoms that the pathogen produces
on the seed surface. These symptoms have been described in folloswing pages.

Neergaard (1979) classified these symptoms into different groups, which are |
as follows:

- ——— i ——
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7.1.1.2 Seed nocroses

Most of the seedborne pathogeéens produce superficlel symplfoms on tged
surface, and are restricted only upto seed-coat or the pericarp of the seed,
However, the specles of Colletolrichum and Ascochyl@ causing amthracnose in
seeds of soybean, pes and cowpea often penetrate deep Into the Redhy
cotyledons producing necrotic lesions.

7.1.1.3 Shrunken seeds

The seed size may be reduced either due to fungal infection or may be due to
poor devalopment of the seed. Many pathogens cause reduction in seed size.

e.g.
Septoria nodorum In wheat
Drechslera teres in barley
Alternaria brassicicola in crucifers
Phoma lingam in crucifers
Septoria linicola in flax
Pernospora destrugtor In onion
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Sclerophthora macrospora in maiz

Sclerospora philippinensis in mak:o

Sclerospora sorghi in sorghum

Albugo candida in crucifers

Puccinia helianthi in sunflower

7.1.1.4 Seed Abortion

Some parasitic fungi attack the young seed primordia and the flower StFUCtures‘
They cause deterioration of ovule and thus reduces the seed yield. e.q.

Gloeotinia temulenta causes Blind Seed in ryegrass
Fusarium culmorum and F.graminigruim in wheat and rice
Fusarium moniliforme in maize

Ascochyta rabiei kills the young seed in chickpea

Podosporiella verticillata causes death of seed primordial in wheat, The
disease is known as Sterility Disease.

7.1.1.5 Seed discolouration

Seed discolouration indicate that seed transmitted pathogen is present in the
seed, though this may not necessarily be so. If the seed is to be used for
consumption, discolouration tells the poor quality of the seed.

In many cases discolouration may not affect the seed quality but it deﬁnitay
reduces the market value. The discolouration may be of three types:

7.1.1.5.1 Superficial necrotic lesions A large number of seedborne pathogeng
are known to produce black, brown or grey necrotic lesions on the seeg.
coat.e.q.

Ascachyta pisi on pea

Colletotrichum lindemuthianum in beans

Drechslera oryzae in rice (Pecky rice)
Fusarium equiseti, F. semitectum and Macrophomina phaseolina ia

mungbean
Dark brown or black spots in sorghum due to Colletotrichum graminicola ang

Phoma spp.
White streaks radiating from the embryo region of maize seed is due it

Fusarium monififorme
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glack strecaks radiating from the embryn region aof maize seed s due to
prechslera maydis

Black point or kernel smudge of wheat due to Altarnarta alternata,
curvularia lunata, Drechslera sativa etc.

7.1.1.5.2 Fungus coating Many seedborne pathogens ar even saprophytes
associated with seed often show profuse mycelial growth on seed surface. In

cereals this type of contamination Is quite common. e.g.

prechslera sorokiniana in cereals

prechslera teres in barley

prechslera oryzae in rice

Alternaria tenuis

Cladosporium cladosporioides

Oospore crust of Sclerospora sorghi on seed surface and glumes of sorghum.
Fusarium graminearum often makes the wheat seeds pink or orange.

7.1.1.5.3 Pigmentation Sometimes the pathogen or the saprophyte produces
pigmentation on seed surface. This pigmentation is produced by the interaction of
the toxins produced by the pathogen or the saprophytes and the chemicals or
enzymes present in the seed. e.g.

Purple stain produced by Cercospora kickuchii in soybean.

Fusarium moniliforme’ prodeces a pink pigmentation in maize seeds.
Stemphylium botryosum produces a red pigmentation in the micropylar
region of bean seeds. It is known as “"Red Nose”.

Trichoconiella padwickii produces a pink pigmentation in rice.

Alternaria tenuis produces a blue pigmentation on the lint in cotton.

7.1.1.6. Fructification

The seeds of coriander become hypertrophied due to the infection of Protomyces
macrosporus. Species of Phoma and Macrophomina produce fructifications on
the surface of seeds. Johnson and Lefebure (1942) for the first time observed
the crusts of oospores of Peronospora manchurica on the surface of soybean
seeds and concluded that downy mildew in soybean is seedborne. The seed
transmission of the pathogen was established by Jones and Torrie (1946).
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7.1.1.7 Sclerotisation

The avary gets converted Into a hard structure known as sclerotia. Species gf
Claviceps often produce scleratia In majority of cereals and other grasses, The
shape and size of the sclerolia depends largely an the hast, The sclerotia of
Claviceps purpurea produced an Secale rereale are stout and upto 2-3cm long,
while the scleralia of Lhe same pathogen on Phlewm pretense, a grass are VEry
tiny. The Sclerolia of Claviceps fusijformjs causing the ergot in pearl millet are
rounded at nne end and pointed al the other end, They look like a tiny chickpeg
seed, The sclerotia of Claviceps sorghi causing the ergot In sorghum are slender jp

shape,

7.1.1.8, Seed discolouration

Fungal Infection an seed-coal in many crops causes discolauration which not onfy

rasilla in poar seed quality but also in reduced market value, Some palhngens
causa hldack, brawn or grey necratic leslons, Ram Nath ef. al, (1970) describhed
thase symplome on the seeds of Phaseolus aureus Infected with Fusarium
gquiset!, £ semitectum and Macrophomina phaseolina, The white streaks
cadiating from the embrya part of maize seeds is often associated with
Fanontitorme, while the hlaclk stigaks indicate the presence of Drechslera
mayiis. Heavy sporilation of Fusariym gramineanyn causing head blight ip
wheat alno akes the keinels pinlk o orahge In colour Some of the pathogens
ar evern) the safiophyles produce plgmentation on the suiface of the seaeds,
whilch iddicates thely presence, Howeavear, the abllity of the fungus to produce
plgmentation vatles from straln to strain, 1 js also not pecessary that all the
Infes L] seeds shaw plagmientation, Ou (1972 reported that 1jee seeds Infectad
WY Tifoog asitstla pachwie ki give a pink staln, Brinkinan (1931) observed a red
dlsi nlovrabion around the mlcropyle of hean seeds (nfected with Sdemphyliim
Dhotiyvsud Thia has beeh tetmed as 'Tted Nase', KKipatrick (19457), Jolinson and
fones (1962) and Laviolatte and Athow (197.') observedd putple staln on the
auefin e of anyhean and usterhoan seods due to Cotcospora kil hil, Slhmilarly,
Coaofing reaulla in gray oF hrown discoloutation of soyhean seads-coal, | Iletswlga,
Mar ropfiasina phasediina (black apots) and Colletoteichon (rancatin) (L]f‘ﬂvlﬁh
s o ation with miinnte black sped k=) alzo ocour on soybean needn, The
Brown apate an the aeeds of pea and beans often Indicate the pratsencs of
Ascochyia piai and Colleledvichuym lindsowatiamem, Dastur (19.12) m;nnlr,‘ll the
Blackoning of the garminal end of wheat aseods due to Alternaria tenls, This
deoges la commonly known as Black point of wheat, Diechslera sorokiniana and
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wvu!dnd lunata are also assoaated with black potrit, of erneat, Gaur et af (| 199G}
eporund that the seeds ohtained trom the partially proliferated oar - heads of peard
millet not anly lose their original luster byt atse developed a rolet tinge and are
als0 slightly bigger In size than the heaithy seeds bt have a \Ge 5266 reeight,

7.1.1.9 Some Specific Symptoms

7.4.1. 9.1 Seeds of Corlander sativum infected with Protomyces macrospgonus
5i10W hypertrophy of seeds, Though this is not at all a seedborne or seed
Uansm"ied pathogen,

1,1.9.2 Cotyledans of pea often shaw the symptoms of "Hollow Heart” caused
by sudden drying of the crop, It is not a disease,
7,4,1,9.3 Cotyledons of pea may also show “Marsh Spots” due to manganese
deficiency

apart from this some of the external symptoms Incited by fungl on seed
surface are given in table 7,1;

Table 7,1 External symptoms produced on seed surface by some seedborne

g ) T erL L oo W S _:‘.~‘~_m1mﬂ‘ﬁ;1
"

fungal pathogens
Host o | Symptoms Pathogen
Allfum cepa Seed rol ‘ Alternaria porri o
— = f‘ahrunkan 5('*.&(1-‘3 *Peronospora destructor
f;;;;ﬁnﬁuum llcdmtlnn ln e;ecad ,lm Afrorhyw rablﬂf

Praotomyces macrospores

—————— e ———— e

rur/anmmn sativum _l_(ypq:lmplw

ol i m,, _:__.__,,—,'_...'i....‘_-.

Cfm.lfmea Ieduction In seed size and Phoma lingum
.fiﬁﬂf_i oL
Datcus carota Sesd rot Alfr*mml:md/cma
Dollchos lablab Hedl iz :uloumllmmroun:l Stemphyllurn batryoraum
milcropyle (red nose)
Brown spot Col/r'torr/rhum !fndomuthlanum
Glycine max Purple stain Cercospora kikuchll
o rust ur 005 [mrn--a Pwormapom manrhurlcu
Hordeurn vulgare Fungus ronting and r--duct!orl Drechslera teres

In seed 5ize

S e Y F S
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An Introgucton 1© Seed Pathatag,
}“ Host ‘ Symptoms T pathogen i n
| Unum usitatissimum | Reduction in seed size Scmc‘na Uinicola 1’
Oryza sativa Fungus coating Drechslera oryzae ,
Pink stain Tricochoniella padwickil I
Phaseolus aureus Black, brown or grey necrotic Fusarium equiseti l
lesions Fusarium semitectum
Pisum sativum Brown spot Ascochyta pisi
Seed rot Mycosphaerella pinodes
Sorghum vulgare Shrunken seeds *Sclerospora sorghi
Triticum vulgare Fungus coating Fusarium graminiarum
Shrivelled seeds Septoria nodorum
Shrunken seeds *Puccinia graminis
Zes mays White streak radiating from Fusarium moniliforme
embryo
Black streak radiating from Drechslera maydis
embryo
Shrunken seeds *Sclerospora philippinensis
Seed rot _ Fusarium graminearum
*Not seedborne

7.1.2 Washing Test

Washing test is being done to see the presence of seed mycoflora on seed
surface as it provides the information about the presence of the various
pathogenic and non-pathogenic fungal species in the field when the crop matured.
‘Here 509 of seed is taken in a conical flask with 50ml of water and shaken for ten
minutes on a mechanical shaker. The suspension is examined either as such or
the suspended spores are concentrated by centrifuging at 3000 rpm for 15
minutes. The supernatant is discarded and the pellet deposited on the side walls
of the centrifuge tube is re-suspended in 0.2ml of lactophenol (a mixture of lactic
acid, phenol , water and glycerol in the ratio of 1:1:1:2). This suspension is then
examined under the microscope for the presence of spores, conidia and other
fructifications. At a magnification of 250-400x, the spores are counted within the
over all squares of the haemocytometer 10 times. If spores are found only
outside the square, it is counted as less than 1 instead of zero. Rice (1939)
suggested the use of haemocytometer for the semi-quantitative estimation,
where the spore load per gramme of seed can be calculated with the help of the
following formula:

I
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7.14.3 Incubation Method

The incubation method is again divided into two i.e. biotrer methad and agar plats
method. Both these methods are recommended by [nternational Seead Testiog
Association (ISTA) and Is suitable for pathogens producing myaelium, spores or
other fruiting bodies.

7.1.3.1 Blotter method

Blotter method was developed by Lucie Doyer (1938). She was the first seed
pathologist in the world who started with an official seed heaith testing
programme at the Government Seed Testing Station in Wageningen, The
Netherlands in 1919. Doyer’s favourite technique for cereal seeds was 10 grow
them on damp blotters in shallow zink trays.She used to examine the seedlings
for disease symptoms under an ordinary binocular microscope as the stereo
binocular microscope or a zoom lense were not developed at that time. For
most of the fungi an incubation period of 5 to 7 days was found sufficient to
develop in their own way so that it was possible to identify them. Dr. C. Wehlburg
succeeded Lucie Doyer and in October, 1948 de Tempe joined the Government
Seed Testing Station, in Wageningen as Wehlburg’s successor. In 1977 de Tempe
retired at the age of 63 and was succeeded by Dr.C.]J.Langerak.The blotter
method was later included in International Seed Testing Association Rules of 1966

for routine seed health testing. ISTA has prescribed following five conditions for
routine seed health testing by blotter method:

(i) Four hundred seeds are to be tested

(i) Twenty five seeds (if the seeds are small) and ten seeds(if the seeds are
large) are to be plated equidistantly in each plate.

(iii) The plates are to be incubated at 20°C for seven days.

(iv) There should be an alternate cycle of light and darkness i.e. 12h light and
12h darkness.

(v) The distance between light source ana the plates should be 40cms

Usually 400 seeds are sown on three layers of blotters moistened with tap
water in plastic Petri plates. If the seeds are small in size (like wheat, rice, mustared
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etc.) 25 seeds per plate and If they are large In size (like maize, beans etc.) 10
seeds per plate are sown equidistantly as shown in figure on page 326. The plates
are Incubated at 20°C under diurnal cycle of 12h darkness and 12h light. The plates
are placed In a single Jayer and not stacked. Normally, the NUV (near ultra violet)
light should be used- which are also known as black light tubes- but In most of the
LSouth-Fast Aslan countries black light tubes are not avallable and hence normal
day llght tubes can be used with same efficlency. The distance between the light
source and the plates should be 40cms. After incubation the plates are examined
under stereobinocular microscope for the presence of fungi like Alternaria,
Crvulatia, Drechslera, Fusatium and Phoma ete.

Blotter test Is a comblination of in vitro and in vivo principles of investigation,
The stereobinocular microscope enables the observation of fungl as developed
oh thele host, in sity, undisturbed and in a condition of natural growth. There are

two modifications of the blotter method:

713,11 2, 4D method 1t is a modification of blotter method and so Instead of
water the blotters are soaked n 0.2 per cent solution of 2, 4-dichlorophenoxy
acetic acld (2, 1-D). Incubation and other conditions remains the same as In
normal blotter method, Since 2,4-D retards seed germination and seedling
growth, factlitating the examination quick and easy. Neergaard and Saad (1962)
observed that Pyricudaria oryzae In rice gave a higher count by this method. In
19713 the Prant Disease Committee of ISTA Urled another growth retardant-
counmiting, In ity comparative seed health testing programme for the detection
of Aunumna orveae, Drechslera oryzae and Alternaria padwlickii In rice. However,
i aave a lower count as compared to standard blotter method and the
compound has a bleaching effect on these pathogens, It even affected the

mophaotogy of the pathogens,

L1312 Deep freere method This Is another modification of blotter method
which was developod by D Theunds Limonard in 1966, In this method the sceds
are plated as in standard dotter method but the plates are first Incubated at 20°C
for 480 o induce germination and then transferred to -20°C In a deep freezer for
Sah and again brought back to 20°C under NUV or normal day light tubes for rest
of the ncubation period of 3-S5 davs. Funagt like Fusarium and Septoria in cereals,
Phouna (1 sugar Deet and Syrenophora gramenia and £, teres in barley can be
detectvd Dy heso methods, This method is superior to 2,4-0 blotter method as
in 2,4-D methad often the spores get swollen or there 18 a change in their shape.
Rename and Tomiin (1984) suggested that for detection of Septoria nodorum the
seeds May de ncudated on maist blotter for 24h followed by 24h at -20°C and

then ncudated at 20°C for rest of the Sdays.
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7.1.3.2. Agar plate method

This method is used for identification of fungl associated with seeds based on
growth and colony characteristics on a nutrient medium. This method was used
for routine seed health testing of flax in Ulster without pre-treatment of seeds
and so it is popularly known as Ulster method as well (Muskett and Melone,
1941).

(a) In this method generally Potato Dextrose Agar (PDA) is used as a
substrate. About 200g of peeled and sliced potato is boiled for 15mts in
500ml of water. The contents are then filtered through a musline coth.
The potato slices are thrown off and the starch extract is kept separately.
Now 20g of agar powder is bolled in another 500m! of water till it is
completely dissolved in water. Then the starch extract and the agar
solution is mixed in an one litre flask or beaker. Finally 20g of dextrose is
added and the volume is made up to 1000ml. This PDA is divided in to four
250ml conical flasks and plugged with non-absorbent cotton plug and
autoclaved at 20 Ibs. psi for 20mts.

(b) The glass Petri plates should be washed properly, followed by sterilization
which can be done either in hot air oven at 160°C for 8h or they may be
wrapped in butter paper and then autoclaved at 20lbs. psi for 20mts,

(c) Keep the laminar flow ON for 15mts before pouring the media into the
plates. When the temperature of the media comes down to around 50°C,
carefully lift the lid of the previously sterilized Petri plate and pour about
20ml of the PDA into it. Stack the plates one over the other and allow the

PDA to solidify. These plates should be used after 24h. Plates showing any
contamination should be discarded.

. (d) Pre-treatment of seeds is essential in agar plate method. The seeds
should be treated with 0.1 per cent solution of mercuric chloride (HgCl,)
followed by washing with distilled or sterile water 2-3 times to remove the

traces of mercury. The seeds are picked up with an sterile forceps arid
placed on PDA.

(e) Normally, 10 seeds are placed equidistantly but if the seeds are of bigger
size ,5 seeds per plate may be sown. If the studies are to be conducted
for some storage fungi like Aspergillus or Penicillium then 180g of sadium
chloride per liter of PDA is to be added. 1he plates are incubated at 20°C
for five days under alternate cycle of light and darkness. In this method
the identification Is based on colony characters only which may be, at
times, misleading. There are two madifications of the Agar Plate method:
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and incubated at 20°C for 5-7 days. After incubation hold fast like U U g
T \ ‘ . . -
- hyphal tips) cevelop which can be seen from the back side of the Plats
under the stereo binocular microscope. Development of hold fast like SUructures

indicetes the presence of the pathogen in the seeds.

7.1.3.2.2 Guaiacol method This is another modification of 2gar plate methg,
which wes ceveloped by Kulik (1973) and is specific for the detection g
p/,—;:u!aria oryzae in rice causing blast disease of rice. In this method 0.1249 o
Guzizcol 2nd 0.145g of Coumarine is dissolved in 20m! of distilled water, which -
then zoded to SEOm! of distilled water, After adding 5g of agar powder the
medium is ezutodaved at 20lps. psi for 20mts, As soon as the medium Coo!;
dovin to zbout 30°C, 0.59 of Streptomycin is added to it. Now/ the medium
poured into stenlized glass Petri plated aseptically. The plates are stacked gne
gver the other and the medium is allowed to solidify. Rice seeds pre-treated vy,
0.1 per cent solution of mercuric chloride and then washed 2-3 times with distjjleq
water to remove the traces of mercury are then sown on the medium zpg
inosbated for 4days, A pink coloured halo develops around the infected seads
indicate the presence of the pathogen in the seed and can be seen by naked eye,
The number of infected seeds are counted and the result is reported jg
percentzge

7.4.4 Sodium hydroxide seed soak method

7.1.4.1 Deteaction of Karnal bunt and rice bunt

The NaOH seed soak method was first developed by Agarwzl and Srivastays
(1921) for the detection of Karnal bunt in wheat caused by Neovossia indica and
rice bunt in rice caused by (Veovossia horrida. 1In this method the seeds are
soaked in 0.2 per cent solution of NaOH for 24h at 25° or 20°C. The next day the
solution 15 decanted and the seeds are thoroughly washed in tap water, Then the
seeds are spread over a blotter paper so that excess of water is absorbed by the
blotter. Now the seeds are examined visually. The rice seeds showing dull black or
shirny Jet black discolouration may contain bunt infection of Neovossia horrida,
This may be confirmed by rupluring each discoloured seed in a drop of water with
a fine needle for the release of bunt spores. A stream of teliospores of N, horridais
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7.1.4.2 Whole embryo count mathod

Maddox (1896) for the first time observed the mycedum of UslilgQn wget  ~ var
tritici causing the loose smut in the embryos of whea! weeds. Noatrmagrr P,
observed the mycelium of loose smut in the rmicrlome e ons of aleat weds,
According to Popp (1958) the fungus stains Caep Diue, e ol syl ST e hosy
stain light blue and the cell contents of the host Co rot take any 0 Naurougy
(1957) reported that loose smut infected seeds exnoit Dive fuorescerce under
UV light. Fialkovaskoya (1963) found that seed ccat of seeds wilh Deswy
infection of loose smut lose lusture and become Cull. Howevern, an Trete rernods
were unreliable and so could not be used for routine seed reatn Lesting 'or lcossa
smut. The embryo count method was first applied by S«vorzor (1927 for the
detection of loose smut fungus in wheat. Since then numercus medficatons in
this method were done. Fifteen hundred wheat seeds are sozked for Z0h a
20°C in 5 per cent solution of NaOH or KOH containing C.13g of Trypan Siue per
litre. The soaked seeds are then transferred to a set of sieves arrangsd 0 an
ascending order of 10,20 and 50 mesh size <o that the 10 mesh size sieve 5 2t
the top. A stream of hot water at 60°C is passed over the scaxed sesds o
separate the embryos from the chaff. Most of the embryos are collected in the

middle sieve, while the chaff remains on the top sieve. The [
separated are once again washed with water to remove the traces of Nalh or
KOH and later transferred to ethyl alcohol for two minutes for dehydration. The
dehydrated embryos are transferred to a funnel, the stem of which is attached o
a rubber tube with a stop cock. A 3:1 mixture of lactophenol and water is added.
The embryos float and the chaff sinks which can be drained off easily into a
beaker. This process is repeated 3-4 times till the embryos are free from chaff,
The clean embryos are then gently heated avoiding vigorous boiling in a fresh
solution of lactophenol to remove the excess of stain, if any. Once the
lactophenol cools down, the embryos are ready for examination. The embryos
are examined at 12 or 25X magnification of stereobinocular microscope. The
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