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Rice {oryza sativa L.} is the most widely grown cereal crop of the world,
the average production accounting to about 250 willions tons annually

(88, 99). Aboul half of the production is grown in the tropics (66 )
and it serves as the staple food for more than one-half of the world's
population (104}, Since rice js not propagated vegetatively the pevpetuation
of the crop depends on the sexual seed production, The imporiance of vrice
Jin world foo& production and the significance of seed transmission of
several important diseases of this host is, therefore, of concern of man

in his unending quest for mbre and better food, Heavy losses of rice are
due to parasitic discases of which the principal are blast {Pyricujaria

oryzae), brown leaf spot or seedling blight (Cochliobolus mivabeanus;

conidial stage Helminthosporium oryzae), Teaf scald (metasphaeria albescons;

conidial stage Rhynchosporium oryzae), bacterial Teaf biight (Xanthomoras

oryzae) and rice leaf or white tip nematode {Aphelenchoides besseyi). Al

are seed borne. Fungi cause the ]argest-number of plant diseases and
these microorganisms occurs more commonly in seeds than do bacteria or
nematodes. So far,n¢ virus disease is know to he seed-borne. The
mycoflora may conéist of saprophytic fungi and/or pathogenic fungi., The
saprophytes are non-host specific species and may be found on seeds of
various plants, whercas each pathogenic fungal species in generally confined ‘

to a himited host-range. Both may be borne superficia]ly attached to the
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outer secd surface in cracks, or inside the seed coat, but the pathogens
may also be present within the cotyledons and other tissues of the
ambryo (73). Considering just rice and wheat, the cereals of which most
of the harvest qoes for human food, the losses are about 30 miltion metric
tons. This represents enough food for keep 150 million pecple alive for
a year, The most important part of this picture, however, is that these
losses are more severe in those countries which can least afford them;
the poorer and under developed or emerging countries of the world.
A1though the losses are 5% on a world wide basis)in India, and in parts
of Africa and South America the losses may reach 30% of the harvested
crop. In all of these losses fungi play a major and important role,

although this was not fully realized until recently.

The damage caused by fungi var%es from spots invisible to the naked eye
to compiete rot of the endosperm, Further démage may occur during
storage. Generally, the same fungi cause heavy spotting or disceloraticn
of the hlls, Kernel spotting increases in damp or warm, rainy weather
and in rice that matures late in the season. The presence of spotted

or stained kernels reduces the grade of rice. Kernels that are spotted
severely and therefore chalky break into pieces in the milling process;

thus, kernel spot reduces yield of head rice (5).

Today that agriculture has reached a very high Tevel of technification
it is imperative to obtain a good qua]1£e of seed. Seeds are both
victims and cfficjent vehicles of diseases. Seed transﬁissi;n of
pathogens is now recognized as the method for ekce]lence by which plant

pathegens (a) are introduced into new arcas, (b} survive periads when



~v

the host is lacking, (c) are selected and dissemirated as host specific

strains, and (d) are distributed through the plant population as foci of

infection (8). Seeds that harbor pathegenic fungi are important to

agriculture because: (a) infected seeds may not germinate and the resulting

decrcased seedling stand may lead to a reduction in yie]d;'(b) infected
seeds can provide inoculum that, under suitable conditions may initiate

an epiphytotic that can lower yields; {c} as it was mentioned above,
infected seeds can introduce pathogens into areas that are free of the
pathogens; (d) infected seeds, even though they are treated with a chemical
may still harbor enough viable pathogens to result in any of the above
situations and, (e) infection of seed by pathogenic microorganisms before

harvest may cause a reduction in seed quality and yield.

* An idea of the importance of microorganisms on seeds can be achieved by

Tooking at the number of genera whicﬁ nave been reported from rice seeds.
Padwick (105) mentioned about 17 genera which inhabit seeds; the United
States Department. of Agriculture (152) listed about 24 genera; Richardson
(117, 118) prepared a 1ist of some 40 genera comprising the most important .
disease agents of this cereal. More recently, I made an extensive
literature review of seed borne pathogens of rice and 1 accounted more

than 50 genera of microorganisms thét innabit rice seeds.(Tab1e 1}. From
this table it can be observed that more than 100 species of fungi an a
reduced number of bacteria and nematodes are associated with the rice

grains,

The fungi may be divided into two major groups: ene group consists of

field fungi which are more or less parasitic and infect the grains before
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TABLA 1. LISTA PARCIAL DE MICROORGANISMOS ASOCIADOS CON LA SEMILLA DE ARRDY

ORGAN1SHMOS

REFERENCTAS

Hongos.

Acrocylindrium oryzae, syn. Sarocladium oryzae

‘Alternaria longissima

A. tenuis, syn. A. alternata
Ascochyta oryzae

Balansia oryzae, syn. tphelis oryzae
Botrytis sp.

Brachysporium spp.

Cephalosporium spp.

Cochliobolus miyabeanus, syns. Helminthosporium
oryzae, Drechslera oryzae, Ophiobolus miyabeanus,
Septosphaeria rostrata

Cochliobolus lunatus, syn. Curvularia lunata

C. spicifer

C. bicolor, syns. Helminthosporium b’ zolor
Drechsiera bicolor

Chaetomium spp.

Cladosporium c]édosporioides

Cl. herbarum

Claviceps oryzae,syn.Ustilaginoidea virens.
Curvuiaria affinis

L. brachyspora

clavata

cymbopogonis

[ 2N 2 IR |

eragrostidis

138

114,117
69,78,135,152

152
53,56,92,93,113,152
10,11

117

114

4,7,10,11,25,27,40,
47,50,52,65,69,69,
72,78,98,114,135,143,152

2,4,12,39,44.68,75,78,
85,102,112,114,135,152,15

131
27

80,114,152
114,117
152

12,26



Cuadro 1. (Continugcidn}
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ORGARISHOS ~ REFLRENCIAS
C. Talcata ’ 152
C. geniculata 13,112,135
5. inaequalis 12
C. intermedia 12
C. maculans 152
C. oryzae 12,67,135
C. pallescens ' 12,84,112,114,135,156
C. siddiquii 12
£. spicifera ' 117
C. trifolii : 12,76
' C. tuberculata 67
€. verruculosa i ' 6,12
€. uncinata 12
Dip]odia oryzae 105
Drechslera australiensis _ 16,78
hawaiiensis _ o | 16,27,78
Tongirostrata : 108
maydis 27
MONOCEYas ) ‘ .27
neergaardii 117
. sorokiantana,syns. Helminthosporium safivum,
ipalaris sorokiniana 27
D, tetramera ' . . 27
Epicoccum neglectum ’ | _ 152

£, oryzae 117



Cuadro 1. (Continuacion)

ORGANTSMOS REFERENCIAS

E. phrpurascens 58,78

Fusarium arthrosporiotdes 154

F. avenacearum 108

F. culmorum 108

k. ch]aﬁidosporum 108

F. decemlellulare 117

F. dimerum : 95,96,97,108,135
F. equiseti 108,114,135,154 ‘
F. heterosporum 58

F. lateritium | 154

F. longipes 108

F. nivale N 103,108

F. oxysporum 117

F. poae 108

F. semitectum 2,68,114,135,152
F. solani 63

Giberella fujikuroi, syn.Fusarium moniliforme
G. zea syn. Fusarium graminearum

Helicoceras nymphaearum

H.
Hendlersonia oryzae

Khuskia oryzae, syn. Nigrospora oryzae

oryzae

Macrophoma spp.

2,4,10,11,114,135,154,156
88,103,108

4,%5,78,135,143,152
135



Cuadre 1. (Continuacitn}

ORGAHISHOS REFERENCIAS
Magnaporthe salvinii, syns, lLeptcsphaeria ‘
salvinii, Helmithosporium sygmoideumn 10,36,89,101,137
Sclerotium oryzae

Melanamna glumarum 105
Memnoniella spp. 114
Metasphaeria albescens, syn. Rhynchosporium oryzae 19,107
Monascus purpureus | 1Q§,152
Mycosphacerella danubialis 11?

M. shiraiana 105
Myrothecium verrucaria 18,100
OphiobOTUS oryzinus 1
Oospora oryzetorum 11?
Phaeotrichoconis crotalariae 74,155
Phoma jndianensis 22

Ph. glomerata 22

Ph, jolyana 22

Ph. necatrix 152

Ph. glumarum syn. Phyllosticta g]umarum 119,152
Ph. sovrghina, syn. Ph. glumicola, Phyl]osticta

glumicola 117,152
Pithomyces chartarum 56,78
Pleosphaerulina oryzae 152
Podoconis sp. 152
Pyrenochaeta oryzae 152
Pyricularia oryzae 40,47,68,77,80,87,

98,135,153
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Cuadro 1. ({Continuacidn}

ORGANTSHOS  REFERENCIAS
Rhinocladiella sp. ‘ | 80 -
Rhizoctonia sp. 10
Sclerotium rolfsii 59
‘Septoria oryzae 152
Setosphaeria rostrata, syn. Drechelera rostrata,
0. halodes, Helminthosporium halodes, H.rostratum 23,27,79,103
Sphaerulina oryzae, syn, Cercospora oryzae 25,40,135,152,154
Stachybotrys spp. 114
Stemphylium sp. : _ 10,11,135
Tilletia barclayana, syn. Neovossia horrida, 54,115,116,129,135,
N. barclayana . 139,140,152
Trematosphaerella oryzae, syn. Phacosphaeria oryzae 105
Trichoderma viride  mam
Trichoconis caudata 152
Trichoconis padwickii, syn. Alternaria padwickii 2,3,4,24,47,52.,68,
' _ 72,80,86,98,114,131,
135,136,143,154
Trichothecium sp. _ o ' 2,114
Ulocladium sp. o 68
Wolkia decolorans, syn, Protascus colorans 152
Bacterias
Pseudomonas syringae, syn. Ps. oryzicola 64,117
Xanthomonas itoana, syn. Erwinia herbicola 117
X. kresek | | 117

X. translucens f. sp. oryzicola, syn. X.oryzicola 15,48



X, oryzae

Rematodos.
Anguina sp.
fphelenchoides besseyi
Bitylenchus angustus
Dovytaimus sp.
Helicotylenchus sp.
Trophuru; 5p.
Hirschrianniella sp.

Tylenchorhynchus sp.

10,11,20,21,47,125,
128,131,134

117
60,147,152,159
105

17

17

17

17

17
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harvest. The other group contains the storage fungi which usually are
saprophytes and develops after harvest. Generally, nost of the seed
transmitted pathogens are fungi. Some classes or genera are frequent in
Seed)others occur only occasionally,others do occur butlcannot he
revealed-by conventional testing procedures;and the extent to which fungi
occur in sceds depends on their capability to survive under the extreme
dry condition of sced as a carrier (99). The fungi have the ab11{ty 1o
invade the seed prior to,during, or following germination, either killing
the young seedling outright, causing root and crown rots, or becoming
established on the cotyledons and from there to the above ground-portions

of the plant later on. Fungi may be present as mycelium (e.g. Rhizoctonia

sp.) spores {e.g. Helminthosporium oryzae) or fruiting structures (e.g,

Phoma glumarum). In addition, there are a great many soil inhabiting

plant pathogens which are able to attack the young seed or seedling. Such

fungi are species of Sclerotium, Pythium, Achlya,Fusarium, Helminthosporium

and Rhizoctonia among others.,
FIELD FUNGI

Field fungi invéde the seed either while the plant is still growing or

after it has been cut before threshing, According to Chfisfenscn (32),

“it is common to isolate field fungi from close to 100% of freshly harvested
surface disinfected Kernels of sound rice of the highest grade”., In stored
rice, field fungi die gradually or rapidly, depending on moisture content
and temperature and on the competition of other fungi especially the

storage fungi. One of the major environmental factors which determines

whether an organisu will be adapt as a field fungus or storage fungus is



- 11 -

the moisture requirements of the organism. Al plant products are
hygroscopic. A1l hygroscopic materials will tend to come to a steady
moisture content condition in equilibrium with the surrounding atmosphere;
eithoer gaining or losing water to do so. This steady moisture content is
called the equilibrium moisture content (EMC), which depends on both
relative humidity (RE) and temperature. Any changes in either or both

-of these factors will change the EMC of the material. The relationship
between the EMC and RH is direct being inverse with respect to temperature.
For the starchy cereals such as rice,the field fungi require between 20-25%
of moisture content. These moisture contents correspond to the EMC of
cereals at about 906% RH. Once the moisture conient drops to about 14%

the ovrganism die rapidly. Although it was stated that these organisms
usually do not cause storage losses, they can occasionally cause such
losses. If the seeds or grain is harvested at high moisture contents

(above 20-253%) and storage at high RH, these fungi can continue to grow
and cause damaée. The main reason that storage losses due to field fungi
seldom occurs is due to the uti?izatioﬁ of seed certification programs,
wﬁich require seeds to be dried to moisture content closer to those in
equilibrium al relative humidity between 70-90%.Christensen and Lopez
(34) observed that the percentage of surface disinfected grains of
Bluebonnet 50 yielding field fungi decreases with increasing moisture
content and with longer time,and the field fungi die in close to 100%

of the Kernels before germination percentage began to decrease, Death of

field fungi in barley and wheat seeds stored at approximately the same

moisture contents as those samples of rice has been reported (31,81).

’
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The demage caused by field fungi varies from small brown color spots to
complete stained of the glumes. Removing these, the disturb may affecls
the endosperm and even the embryo; thus reducing germination severily
(Figurc 1). The effect of field fungi in rice seed germjnaticn is evident

{4,1Q19,22,24,94,131,136,156).

The field fungi may Tive for years in grain stored.at tow mgisture content
(30), their survival like that of the embryos of the seeds themselves,
being favored by low moisture content and low temperature. Under the
usual condition of storage of food and feed grains, for instance, Fusarium

may die within a ‘few months; Helminthosporiun may not survive much Tonger;

and Alternsria may not be recoverable from more than a small percentage

of seed storage for a year (41,71,148).

STORAGE FUNGI
Pioneering work of the role of fungi in the deterioration of storage
grains was not begun until the 1930's. It continued through the 1940's,
and full realization of their importance was not achieved until 1950's.
Even today, many of the grain merchandasing business do not realize that
fungi play a decisive role in their operations, profits and losses. The
storage fungi are generally saprophytes or facultative parasites. These
fungi do not invade grains to any appreciable degree or extent before
harvest {149,150). This is now well established from tests with many
different lots of cercal grains, over a long period of time,and with
samplés from many different sgurces, Storage fungi invade gnd grow in

grains whose moisture contents arc between 14-20% for the starchy cereals.
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These are moisture contents in equilibrium with relative humidities of

about 70-90%. In those environments storage fungi are among the most

abundant and successful of all tiving things. Alwost inevidently they
contaminate all seeds. The organisms comprising this group are about
twelve species of Aspergillus,several species of Peniciliium and less

Absidia (33,114,124,143). Species of Penicillium are cncountered at

_times; usually in lots of grains stored at low temperatures and with

moisture content above 16%. Each of the species of Aspergillus  has its
own rather sharply defined lower 1imit of moisture content (or relative
humidity) betow which it will not grow, and competition with associated
species may establish a less sharply defined upper limit. Thus,
determination of the nuwber and kinds of fungi in a given lot of seed

at times indicates the moisture content and temperature at which the
grain has beep stored, and sometimes even the approximate lenght of time
it has been stored {33),Although several factors are involved in the
selection and SUCCESsion of microorganisms, the most important by far

is the moisture content of the seed. Temperature plays a role in this
selection and succession but, since temperature requeriments of these
organisms are not nearly as restricted in range as are their moisture
requirements, the effect of temperature is usually only important at the
very low temperatures (Near freezing) or the very high temperatures
{70-75°C). HMuch rice is harvested with a moisture content above 16%
(123) and, Vike other seeds, is subjected to postharvest invasion by
storage fungi. This invasion may result in decreased germinability
(34,35,49), discoloration of the grains (123) even in the absence of

heating, biochemical changes that make grains unfit or unattractive for
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food and, production of toxins that constitutes a health hézard for
animals and humans {57). According to Christensen and Lopez (34) at
moisture contents above about 14.5% invasion of rough rice by storage
fungi and decrease in germinalion percentage of the seeds were proportional
to increasing woisture content and the increasing length of storage. In
rice, the most obvious economic loss associated with fungal deterioration
during storage is loss of grade in white milled rice (121,122). Rice

may be downgraded for: {a) damaged Kernels, (b) heat-damaged Kernels,

{c) change in general color, and {d} musty or moldy ador. . A1l the other
factors are or may be caused by the activities of fungi dﬁring storage
(124). Llosses in storage are a direct result of the activities of various
macro and wmicroorganisms made possible by man's failure to understand and

follow sound storage principles and practices.

Storage fungi are post harvest invaders. Many common species can invade
aﬁd grow in seed with little or not free water. Christensen (32) found
that many of the common species invade stored‘grain with moisture contents
befween 13-18% in equilibrium with relative humidities of 70-85%. However,
some species can invade and compete with field fungi, growing rapidly and
causing loss in quality in seed with moisture contents above 18%. Since
rice is usually harvested with a moisture content between 18-22%, drying
or conditioning until the moisture is below 18% must be done promptly.
Propagative units of commou species of storage fungi are found on the
surface of almost every Kernel of rice after harvest (124). Although

the fungal flora of vice has been studied in the United States and abroad,
a complete Tisting of all fungi that have been observed associated with

stored rice has not been assembled.



genus Asperqgillus comprises species of A. vgrs1colgg¢L sydowi, A. repens,

A. parasiticus, A. vestrictus, A. ruber, A. amstelodami, A. candidus,

Ao flavus, A, halophibus, A. glgg[ A. glaucus, A. ochracecus and A.chevalieri
(14,83,124,146). A.glaucus and A, jigggﬁ_groups, however, appear to
constitute the major fungal species that invade sf0red rice (124).

A1th0ﬁgh insects directly damage grain through penetration and consumption
of Kernels, they also influence the activities of fungi (23). Serving as

carriers and vectors of propagative units they also increase available

moisture and rise the temperature, thus fostering and stimulating increased .

fungal activity, Aspergillus flavus, A. repens and A. reétrictus, for
instance, have been found associated with the increased moisture content

in rice containing weevils (Sitophilus oryza) (62).

Species of Penicillium such as P. puberulum are encounted at times,

usually in lots of seed stored at Tow temperature and with moisture content

above 16% (33,117).
CONTROL OF FIELD PATHOGENS

Preventive methods in seed fields.

1. Selection of seed production areas. Seed should be produced in areas

where the pathogen populations is unab1e to establish or maintain
itself. The physical environment-especially low relative humidity -
’

markedly restricts incidence of many diseases and prevents infection

of the sced produced.
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2. Cultural practices. Seed planted in seed fields should be free of
pathogens; such seed can be obtained: (a) from areas free of pathogens
or where it is unable to infect and (b} by sced treatment o eradicate
the pathogens., The 1ife cycle of a plant pathogenic organism can be
viewed as consisting of Tour basic phases, surviva],‘transmission,
infection, and disease deve1opmeﬁt. Methods of controlling seed
diseases have the objetive of interfiring with the disease cycle in a
way that will reduce subsequent disease development. Seed treatment
affécts the cycle at the survival and transmission phases by reducing
seed-borne or soil borne inoculum. Seed health testing can be used
when enough is known about the disease cycle to estab{fsh tolerance
levels for seed borne pathogens. Some of the chemicals listed in
Table 2 have been reported to be effective in reducing the amount of
primary inoculum when they are spfay at the reproductive stage.
Fungicide application to the growing crop usually affects the infectioﬁ
and disease development phases. Cultural practices, such as host
resistance, crop rotation, destruction of residues, o} alteration of
the harvest date, can affect any of the four phases of the cycle,
Research is nceded to find better methods of control. Some promising
results have been reported. It has been demostrated, for instance,
that increasing spacing between rice plants reduce the incidence of

seed borne infection causes by Trichoconis padwickii and; decreasing the

rate of nitrogen fertilization will reduce the incidence of both T.

padwickii and Tilletia barclayana (3,139,140). Additionally, field

experiments have showed that early heading decreases the severity of
T. barclayana (140)and carly or late planting reduce the incidence of

Balansia oryzae (92).
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3. Point of origin inspection. This method of control is useful in rejecting

seed from fields with high incidence of seed transmitted pathogens.
However, apparent absence of a disease may not insure freedom from the
pathogens in the secd because (a) the pathogen may be present without
producing symptoms in the field and (b) pathogen free seed may be
contaminated by pathogens during threshing, cleahing, or other handling

operations.

Preventive and Control Methods for Harvested Seed.

A
1. Sced Indexing. The detection of seed borne pathogens is best done after

seed has been cleaned and packaged. The best method is to plant the
seed in soil, as this approximates actual conditions. The soil used
should be: (a) non-treated field soil, to determine the actual field
hazard; (b) treated at 100°C for 30 minutes with steam to indicate the
maximum potential transmission; {c) treated at 60°C fo} 30 minutes with
aérated steam to give some indication of the extent te which soil

antagonists will inhibit transmission (9).

Special direct methods have been devised for microscopic examination of
seed on blotter or agar iests. . These methods are described at the end
of this article. The methods are subject to great variability in
comparative tests jn different laboratories, and must take into account

special requirements of different microorganisms.
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2. Seed treatments. Much seed should receive a protection either as oil
based dusfs, wettable powder sturries or as a direct application of
concentrated solution of active ingredients.One purpose of sced
treatment by the use of chemical protectants is to destroy secd surface
borne microorganisms that cause seedling blights and seed decay and to
provide a protective zone around the seed, through which soil borne
microorgénisms cannot penetrates, thus protecting the developing
seedling against attack until it is established on a well developed
root system, and has acguired the capability of outgrowing attacks from
.01l borne pathogens. Hence, the principle of seed tkéatment is mainly
control of prfmary inoculum in the infection court, although chemical
seced treatment may also protect sagainst infection by organisms in the
soil. The inorganic and organic mercurials are examples of seed
treating materials used to eradicate certain pathogens from the surface
of seeds. Organic fungicides, including mercurials, a}e used as seed
protectants to coat the seed and provide protection against damping off

and seed-rotting organisms in the soil.

Control or prevention of seed microorganisms depends upon both pre and
post harvest measures, ihc]uding those taken during harvesting, threshing
and drying. There exists in the market several chemicals which are
reported to be useful to control the most frequent seed-borne pathogens
of rice (Table 2}. Treated sced, should be stored in a cool dry place

and moisture content of the seed maintained below the critical level
which will induce germination. Although seed treated with orthocide

dithanc M-45 and ceresan do not lose viability for up to 11 months (42},



TATUAL T LESTA PRRIIAL O PROACTYS GUINICYS PIPOWTADOS CFICIENTES PARA {DNTAQL 06 PROCLLMAS FITDSMMITARIOS OFL CLTIvY Dy Adwg/
S - T
. E i
tneREDIENTE ACTIYS £ z —53 £ oo
AL GO : X ieind 'i te i SE% $% s 1 £4
’ prsy | T Ep¥gig 2578 3Es R ER 7 ::l
BB (O OFICIAL FOIIAA QUINICA f @2 v it gt YzET
e fL ¥ s oY Latras S5 2% ad 5 s 3 |
) €2e¥ipirfiiizozriiilgiiity  memem
- megrt | ¥ EEZ 8IS IEE LTI is T2 RS £ ,
I EFrCECFEAENERSIELIRE E
Anireial © S Frapiaes Froai 23551337 LT0ecriarala 57 Eird T Eara 2 i el M A —
ET.1707 - 2 [ooafiexittozel} ras exirycio Ze sexiila €2 toranja + P . i w
taam v Trictetatole Sherth 1,24 = triazed 13,0,53 weerattarg) . . ”'=
Jemlpte * Brmeart} 3 (matiloartamsli) 2 « bemptaidage)-cambamato de metile | EIE RS - I s .
Zrasstiesl Artpconz, PONG Pentactoronitrabenceno 1200 LI ¥ O .
Erestens 20 Tentin at2lote Azetaio trifenil ge cstafs . 125 + &
Srinscide Cantan Cls-1- [1riclarometiTtis) = & - ¢iglohesenp » 1,2 » digprdoxinids 7,070 > e s =
{eresm #argorio etileo Azefaze de fendl wetcutie [ L S L ) . .+ PURPER .
Peeanfl Cle-ctatonit Tetrarievedsefinlonitnide - 5.000 +
deltee MA200 - Hraga 2of may gatbendrads ) “ v oh s . . * .
fiforaten = Ceprafol £8s-N- {1,1,2,2 » tetraclarsetil) tio 4 cictohexend = 1.2 dicarboxintde 8,209 + ¥ - .. ‘. (. -
Drtkare F Fancared Farcersd mas riec lonice, . S.equ LI R ) > .
flinare Hat5 * Hancazely fritenntitditiceartamato de minmanese mas ring [anico. 1,500 4 s P + :
Lyreas Anilarine 4.4 ¢icloro « H - {2-clorafenil) 1,3.5 trlazina 2 2ming 5.0%0 4 ‘:
Fujt-wne . Swoaratistang Bivapronit 1,3 - dittetan o 7 4 tdam malatena ' 1.399 . + ~ . 138
Hingien - Ceifenrat ’ (0 - #til « 5-5- difenit - rosforeqiticata 150 PO Y 2
Hanrate O Hircazed Lolencbisdctiocantantta de mmganesd mis rine {gnlce b, o P + 1
Pasetie . Tetractarafialida 1,5,8,7, tefracterodrtlide 2e.0m J 33
racet 30 Piracarbalid I, omeiit 5,8 dibiady M- pitan o 3 - carben{loe 15,00 . . : =
44ytane - Alle - Butil - atfn - Gouit « 1K « dmidesol - 1 - pazpanenitells  C . © 4520 . ¢
tects 61 Thipynngazote 2-{4- tizzcli!) tanrinldazel. . 3.t00 PO . 52
farrgcaat La205 - P et § etard + 3 Ciriclorowetil) 1.2, thadigzol . . i
Prazan 13 Tirea £iaulfure 8z tatramat!l = tlras 2 ‘. . i
Targln M.* Tiofgnate retil Diettl 4,4 - ¢ - (feallene} bis 3 - tioalofanate 15,009 * A . Al 7125150
Yitavax oxlcaryaxin 5.5 dinldra « 2 - webil = [L& - sxatiings « J = carbanantiide ‘ : 3.8 + . 4‘ LY + * I
Vitisrge oxlcloryre de cobre Oxtclorure ce cobre . ) . 19, 82,57,92,553
. . ¥
Lssumin Plyg @ tetugrmicing {4 mas fosdifes ’ 22,009 . . . s .
Asvemgecn 1 L0ty fempe cdino 35,6 trihidronictoiexdt -5- deoxd <Iefe R . s
) we -3 e efom Deear (e qluceplieaed £ L 15,852,125
<3 fermt potfrntefsnties i,
Brorure dé mobfle frorurs de petilo Marabroretang -
Arsuein Qfarinon 0 [2. Iscprapil -4 eebt] ofe pirinidTedl) fosferctiste do 9.0 dietilo 300 . * s
festen [ ’ Beta - et llnereapto atildled ! tiafotfata . 2.5 ’ ' * e
foggenn Triciarfen 15.2,5 - Cuicfene o Fe Bldnend efef] fmagemte de dimetito L‘HL‘J . : : ‘:{'33
. Viempen, WP 116D, Ajtacut bunatf chow feain, Booly | 10, Themyes Pobloontiont,  [reaes, Ca, o T X LA —
Fata. 11 procetral nngrilve de dsta Thate ex propovaionr uea nuls s 10 eattbicaztin sproptadd ¢4 Tny penductos y en
eiroin T ALg A Gebit KONSIAREAr Coro e cefgaomlacton de eTlee pop panie dod CIAT, .
- S:-j:':'::«u Limeidn reportadny of iglenlon pard el conlrnt de enfemeedades en los Jiforeates estadet de desarrello de a plants ’
o p— .



v,

- 20 ~

treated seed should not be stored for long periods of time,

Sced borne fungi. Helminthosporium oryzae and Pyricularia oryzae, two of

the most devastating pathogens of rice can be contralled by & wide range
of chemicals. Fungicides such as vitavax-maneb, vitavax-orthocide,

dyrene and ceresan may retain their effectiveness against both fungi on

rice seeds after 6 months of storage (157). Care should be taken, however,

with organic fungicides such as arasan /5, brestan 60, beam and hinosan
which are classified as intermediate toxic compounds, or ceresan which is
classified as highly toxic compound {Table 2). Although other chemicals
have moderate to low toxicity, chemicaITy treated seed should NEVER be
used for food, for Tivestock or food for animals or human COUSumptfon even

though it may have been stored for months or years.

Although a 1ot is know about seed treatment, we still de not have good

chemical seed treatments for certain plant pathogens. This is particularly

“true since the alkyl organic mercuric compounds have been banned from use.

According to Rangaswami and Ramalingam (111) the seed treatment with culture

filtrates of Bacillus mycoides increased gefmination of naturally infected

seed with Helminthosporium oryzae, restricted the spread of the fungus in

the seedlings, and improved the growth of these. This type of biological
control offers an exciting field of research and as long as new seed problems
come out this king of control are going to have a rewarded practical

application,
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Seed borne Bacteria. Bacteria ave often present as dry bacterial oozc

either on the glumes or in the micropyle. Seed freatment reduces infection
by Xanthomonas oryzac, antibiotics being more effective than fungicides
(82). Sced treatwent with antibiotics such as aureofungin and agrimycin
and, fungicides such as ceresan and orthocide give good control of P.oryzae
(110} and X. oryzae improving germination and seedling growth (10,82).

There are, hewever, other efficient and less dangerous methods to control

this bacteria. Kauffman and Reddy {70), for instance, reported that

bacteriophages may play a good role in reducing the bacterial population
in germinating ;eod. X. oryzae may be also contrelled by treatments used
to break dormancy. According to Subramoney and Abraham (133), soaking
the seed in djlute ritric acid Tor 16-24 hours washed and sun-dried, then
soaking again in water and germinated is obtained a good control of the

bacteria. It has been reported that Xanthomanaas oryzicola can be

controlied efficiently by soaking the seed for 12 hours in a mixture of
agrimycin and ceresan and later hot water treatment at 52°C for 30 minutes
(125)., By irradfating the seed, pack{ng it into polyethylene bags and
stored under suitable environmental conditions it is possible to obtain

a good control of Pseudomonas spp.(64).

Seed borne nematodes. The teaf or white tip nematode Aphelenchoides besseyi

can ramain in the rice Kernels as long as 2 yeérs {5). The presence of

more than 200 nematodes per 100 seeds of rice warranty control measures

(51). Some nematicides have been reported to control this nematode efficiently.
Chemicals such as Methyl bromide, neguvon and systox among others have shown

to reduce the population of A, besseyi significantly (3?,51). According to

Templeton et al. (142) seed treatment with benlate eradicate the nematode



from infested seeds. Although the application of nematicides is very
expensive, i1t has been reported that the soil treatment with basudin
gives satisfactory results in controlling the stem nematode Ditylenchus

angustus (132},

3. Thermotherapy. Heat treatment is effective against all classes of

secd borne pathogens, but usually is used agaiﬁst pathogens so

situated as to be protected from chemicals. There are three types of
such treatment: hot water, aerafed steam, and hot dry air. Water has
twice the thermal capacily of saturated aerated steam, and five times
that of dry air, Temperature or time of treatment therefore increases
from 49-57°C for 30 minutes for wafer, through 54-60C for 30 minutes
for aerated steam, to a range of 54°C for 5 hours, to 95-100°C for

12 hours for dry air. Since temperature and time are more or less
mutually compensating, it is desfrab]e to standarize on a 30 minute
period {8). Hot water treatment has long been used and is very effective
ih controlling seed borne pathoge:s-of rice. Suryanarayan et al (136},
for instance, reported that the tréatment of seed infected by Trichoconis
padwickii . with hot water at 52°C for 10 minutes increases the
gerimination significantly. Although the increase of germination in

many cases is not very high, many of the seeds way have lost their

viability as a result of infection before the treatment. Excellent

control of Balansia oryzae has been also obtained with hot water at
54°C for 10 minutes and by solar treatment (92,93). According to Sinha
and Nene (130), soaking the sced in water at room temperature for 12

. S
hours, then at 53°C for 30 minutes can eradicate Xanthomonas oryzae

from rice seeds., The seed treatment with hot water at 52-53°C for 15

i\
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thermotherapy treatment the sced should be treated with a mild fungicide.
Since seed germination is somewhat retarded and weakened, this protection

from soil microorganisms is beneficial.
CONTROL OF STORAGE PATHOGENS

There are three basic divect methods utilized to control losses by storage
pathogens; a} drying to a moisture content safe for storage, b} aeration to
maintain low and uniform temperatures and thereby prevent moisture transfers
and, <) refrigeration.

Drying. The process of drying is somewhat comp1ic§ted and involves more

than just drying to a moisture content necessary to meei grade standards

and for protection from storage losses. The metheds used must also maintain
quality such a%lgermination, minimum breakage, etc. Sometimes this becomes
difficult because of the economics of drying. The longer it takes to dry
a'load,.the more it costs. Thus rapid drying becomes desirable from an
econamic point of view. Rapid drying, howeﬁer, requires high temperature
{60°C) and this teméerature resultts in Toﬁ seed germination and chemical
alteration. 1If the grain is to be used for seed it must germinate and a
high temperature decreases germination resulting in poorer quality and

price for use as seed;‘ If the grain is to be used as feed the importance

of high temperature drying is lessened.

If the moisture content is maintained at a uniformly low level, rice can
be stored for several years with 1ittle deterioration even when other

factors are unfavorable (124),



content, as well as uniform temperatures, is aecration. The main functions
of acration are to 4 reduce the temperature of stored grain to about
5-10°C, ard 1) maintain a uniform temperature, which in turn prevents

moisture migration,

Acration is better and cheaper than other ways of haintaining temperature
and moisturc. It also has the advantage in that not only does it prevent
moisture migration and water from being absorbed into the grain, but it
often results in additional reduction of initial moisture content, some-
times as much as 1%, This reductien becomes important for two reasons.
First, most of the water removed is lost from the outer layers of the
seed, while the inner layers may stay at a high level. Thus, while the
inner parts of the seed may have moisture levels conducive to fungal growth
or infection, the outer layers may be too dry to allow initial infection
to occur. Secohd]y, such a moisture condition in the seed allows one
good protection from fungi under é favoéabTe economic condition since

onhe does not have to reduce the moisture content of the entire seed below

the grade requirement,

According to Christensen {35) temperatures below 25°C are preferable, since
Tow temperatures usually decrease the activity of most storage fungi.
However, some fungi grow well in the range of 5-10°C. Many Penicillium
species grow at low temperatures in the presence of sufficient moisture.

He also obscrved more Kernels invaded by species of Aspergillus glaucus

. . Y ~ . [}
group in rice adjusted to an 18,5 percent moisture content and stored

at 12°C than in similar rice stored at 27°C. The relation, however, was



reversed for species of the A. flavus and A. candidus groups. Fanse and
Christensen (49) stored rice with moisture contents of 12,14 and 16 per
cent at 5°C for 465 days withoul a rveduction in germinability, although
they observed an incrcase in the rate of invasion by storage fungi in rice

with 16 per cent of moisture,

Refrigeration. This process is usually one of storing grains at 0°C with

a moisture content of 20 per cent or more, Cooling to too low a temperature
results in Targe differences between grain temperature an air temperature,
leading to moisture migration. When this occurs, organisms such as
Penicillium, yeasts and bacteria, which can grow at low temperatures
provided that moisture content is about 20-25 per cent,can invade and

cause slow deterioration. Both Penicillium and bacterié can grow at or
below freezing provided that moisture content is about 22 per cent. Then.
if the temperature rises, such as when the grain is removed for transport,
rapid colonization can occur, resulting in incipient deterioration within

24 hours. So in essence, while refrigeration gets rid of the Aspergilli

and other fungi, we may often simply be selecting a new group of organisms
as the cause of storage losses. Much more information needs to be obtained
about refrigeration with high moisture content before it becomes established

as a predominant form of storage and control of microbial deterioration.

Fungicides. In general, the fungicides have little utilization in the
control of storage fungi. First, at present, they are gencrally ineffective
and secondly, governmental regulations prevent many potential control
fungicides from being used in grain destined for consumption. More

recently, however, the use of organic acids in high moisture storage is



becoming more prevalent. One interested in the possibility of chemical
control of storage fungi should consult both a specialist in seed pathology

and a recent pesticide manual for recomnendations.
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AP PENDTIX

LARORATORY METHODS FOR DETECTION OF SEEDBORNE MICROORGANISMS

Agar plate test, Two sets of four-hundred seeds per each cultivar

are secded on petri dishes containing 2% agar. Four-hundred seeds
are sceded with glunes,the other ones are seeded without them. . Seeds
afe pretreated by scaking 5-10 minutes in a 1% hypochlorite solution.
The solution is poured off and the seeds rinse with sterile water
prior to planting onto the agar surface. Ten seeds are placed per
plate. The seeds are well distributed over the plate and incubated

at 20-25% for a period of 4-8 days {Sheppard, 19?9f. Readings of
seed germination and number of seeds from which bacteria or fungi

or both have grown after 4 and 8 days are recorded. The different
types of bacteria are transferred to nutrient agar plus calcium
carbonate tubes and the fungi to pptato;dextrose-agar (FDA) plus
tactic acid and V-8 vegetable juice agar for later identification and
pathogenicity test. The isolates are storeged in tubes containing

sterilized distilled water.

2,4-D blotter test, The blotter test is actually a modification of a

germination test as the seeds are placed on the surface of moistened
filter paper discs. The blotters are saturated with sterile water and
the excess water is poured off. As in the agar plate test,two sets
of 400 sceds with and without glumes are tested. Seeds with glumes

'

are sown onto the blotter with a pair of forceps. As in the agar

.pTate test, ten seeds are placed per blotter. Since in the blotter



test the growth of seedlings often makes cbservation of fungi
difficult and determination of percentage infection impossible, a
0.2% solution of 2,8-Dichlorophenoxy acetic-acid (2,4-D) to prevent
growth of seedlings is used (Neegaard and Saad, 197}; Sheppard 1979)
-The netri dishes are wrapped in paper in order to reduce evaporation
of the 2,4-D in the incubator. They are incubated at 20-25°C with

a 12 hour day/night NUY light cycle fur a period of 4-8 days;

BIOASSAY OF FUNGICIDES ON TREATED SELD

Test agar. A suspension of a given pathogen washed from the surface
of PDA (or other media) petri dish with sterile distilled water is
diluted to approximately 150,000 spores/ml. This suspension is

mixed with either PDA or V-8 vegetable juice agar in the ratio of
1:4, giving a final spore concentration of 37,500 spores/m] of seeded
agar. Tweﬁty ml of the seeded agar are poured into each plate. Five

p]ates with four seeds are used for each chemical and each standard.

Standard curve. A standard curve is prepared to relate the diameter

of the zone of inhibition to the concentration of chemical present,
Five lots of seeds are treated at five different concentrations, i.e,
0.50, 100, and 1000 ppm. These seeds are planted out on test agar,
and the diameter of the resulting zone of inhibition is measured. The
average zone for each treatment is plotted on the linear scale of
semilog paper against the concentration of treatment {on the log scale).
By entering the curve with the zone of inhibition, thé concentration

of "equivalent effectiveness" for each chemical can be determined.
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Testing seeds,  The sceds to be tested are pressed into the sced

agar to the botton of the plate so the entire surface of the seed

wil) be in contact with the agar., The p1afes are incubated for 40-48
hours at 20-25°C. The diameter of inhibitton zone around each seed

js measured and the average determined. This diameter is converted to
equivaloni concentration of seed treatment chemical by reference to

the standard curve (Mitchell, 1967).

Damage assessment. A lot of seeds is used to study the effect of the

given pathogens on seed germination and disease transmission. The
seeds are artificially infested in the following manner: Twenty ml of
sterile distilled water ave placed on each petri dish culture and the
mycelium and spores from the agar are separated. The résu?ting
suspensions are combined and enough water is added to bring the
concentration at approximately 150,000 spores/ml. Two-hundred seeds
are dipped into it and the they are placed to dry on a piece of filter

paper at room temperature,

One-half of each Tot of infested seeds is treated by placing
approximately 20 at a time in a sma]f beaker with a small amount of
the best chemical from the bioassay test. .The other half of the

seed will serve as untreated controls. Another lot of seeds is
reserved that is heither infested non treated to sérve as germination
controls. Alsg several seeds that have not been infested are treated.
These seeds will serve to show any phytotoxic effects the chemical

alone may have on the secds or seedlings, '
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Small plastic pots are filied with soil or sand autoclaved for 1 hour at
a pressure of 15 1bs/sq. in, The secds are planted {five of the same
treatment per pot) in the greenhouse in labeled pots and watered as
needed, Every other day observalions are made, The numBer of seeds that
germinate and the number of seedlings showing disease symptoms are

recorded (Stevens, 1967).
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