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In this study,
attempt was made to 1solate and ldentify the mycoflora associated

Ocimum gratissimum leaf and seed powders were both prepared

by milling 200g each of Sun-dried leaves and seeds.

and seeds were sSun-

The leaves

dried for 2 weeks before milling. The powders




sealed polythene bag.
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CHAPTER ONE

I NTRODUCTION

Soyabean (Glycine max (L.) Merril), a member of the family

Leguminosae, sub—familypapilionadae, is the world's leading grain

legume crop. It is 3 native of eastern Asia. World production is

approximately seventy-five million tonnes Per annum, of which 60%

In many tropical

developing countries, legumes supply most of the plant proteins and

The composition of dry sova

water 5.0 - 9,4%, protein 29.6 - 00:3%, fat

13.5 - 24.5%, carbohydrate 14.0 - 23.9%;, fibre '2.8"-16.3% and ash

3.3 - 6.4% (Purseglove, 1966).

cOwpea or lima beans and four times that of cereals (Awuku et al.,

1991). The pfotein quality is rich in lysine, which is deficient

ln cereals but relatively low in methione and theonine (Luckman,

1971 and ICRISAT report, 1989).



It 18 a

» €énergy, minerals,

It may also improve soil fertility when

used as green manure and cover Crop. Soyabean forms a component

Part in the manutfacture of

» COOking o0ils and shortening.

traditional dishes such as tuubani, koose, tuo zaafi, apapransa,

kenkey, palmnut and plain SOUP,

banku, jollof, gravy and fufu. 1In

northern Ghana it is Particularly popular for making dawadawa,

flavouring for SOups and stews.

the major important Crops produced in the

world which is attacked by a wide fange of diseases most of th

em
seedborne.



caused by mycoflora during storage. A number of factors, such as
seed quality, seed size, the stage of maturity of the Crop at
harvest, threshing method and storage conditions, determine the
germlinability of the seed (Singh, 1976: FAO report, 1982 and

George, 1985). Germinability is also influenced by the genetic

practice adopted by the majority of farmers is the ambient storage

Modernization of agriculture has led to greater dependence on

various agro-chemicals, some of which are hazardous pesticides.

die every vear as a result of pesticide polsoning (Chengappa,
1989). As well as causing environmental pollution, chemicals are

becoming increasingly expensive. Realising therefore, that there



some recent
, eXtracts and
controlling fungal

They are non-toxic and

readily available (Purseglove, 1985 and Gbile, 1986).

Objective of this Thesis

, therefore, is to investigate

into the effects of Ocimum gratissimum'powders prepared from both

leaves and seeds on the maintenance of the quality of sovabean

seeds during storage since this would yield useful information for

soyabean breeders, agronomists and farmers.



CHAPTER TWO

LITERATURE REVIEW

1s seed deterioration and 1loss of viability during storage.

Haterkamp et. al (1958) observed that factors which influence

longevity of seeds included the speclies or kinds of seeds, the
degree of maturity, the moiSture content at harvest, the method of
harvesting and processing of the seeds as well as the storage
conditions. Roberts (1972) consldered, temperature, moisture
content and oxygen pressure as major factors which influenced
longevity of seeds during storage. Other factors included seed

nealth status, seed treatment with chemicals and storage

containers.

2.1 Effect of seed maturity on its quality and viability

George (1985) observed that, the stage of maturity at harvest
affected the quality and viability of seeds. Seeds from immature

pods were severed from their source of sustenance leading to death

of such seeds. Over-mature pods on the other hand were liable to

According to Austin (1963), the state of maturity of seed crops at

harvest can partly account for the varliation in viability.



of its maximum, after which there was no significant increase or

decrease in per cent seed

. ) Moench and Suggested that for seed

production, pods should be harvested 30 days after anthesis, when

pods were fully matured and dry. Per cent germination from such

pods was over 80%.

2.2 Effect of _environmental and Physiological factors on seed
quality and viability '

According to IITA report (1974) and Singh (1975) ,

, c€arbon dioxide and

OX¥gen concentration are known to 1nfluence germination, growth and

yield of crop.

In addition to environmental factors, hereditary

factors and their lnteraction with the environment affect the

performance of Crop plant.



FAO report (1982) on Plant production and protection pointed

out that seed quality was maximum at physiological maturity and the

period of seed storage in the field. During this period, quality
18 lost largely as a result of seed infection by fungi. According
to the report, delayed harvesting resulted in an increase infection
of seed by field fungi in Temperate, Subtropical and Tropical

zones. The report also pointed out that repeated drying and

may germinate within pods before harvest. The report also stated

that the manner in which seed were harvested, processed and stored

might affect seed quality. Cool, dry condition during harvest

weather with drought tension caused small green seeds. The report
also made mention of the length of the rainy season on the quality
of the soyabean in Nigeria. Good quality seeds were produced
during the shorter rainy seasons. In practice, many farmers in
Nigeria plant soyabeans late in the major rainy season so as to
avold excess moisture at maturity. According to Osafo (1977), even
though yield of soyabean was lower in minor season, better seed

quality was produced than in the major rainy season. He



Chen (1978) considered Physiological deterioration of seeds

during storage as one of the main factors that Prevented normal

germination and vigorous growth of seed plants.

He reported that




Quasem and Christensen (1958) reported that seed deterioration

measured as invasion of seed by storage fungi, decrease 1n

Proportional to moisture content, temperature, time and the degree

of invasion by storage fungi. They observed that low temperature
was effective as low moisture content of seed in Ppreventing damage

by the fungi. According to Christensen and Kaufmann (1965), most

Link and A. candidus Link can withstand temperatures as high as

45°C. An TITA report (1982) considered high temperature and humid

temperature and planting dept_h were optimum, soyabean seedlings
emerged four to five days after sowing. However, excessive so1ll

moisture hindered germination, probably because of restricted



According to Anon (1959), germination tests revealed

only the percentage of the seeds that are viable under near-ideal
conditions and there was usually a considerable discrepancy between
results of germination tests in the laboratory and emergence of
seeds in the field. Austin (1963) observed that variation in
germination and viability in the field was the direct or indirect
result of variation in the weather before and at harvest and that
hot, dry periods generally gave good seeds.

Grabe and Metzer (1970) reported that varieties that failed to
éemerge in compacted soils had brittle hypocotyl which broke at the
stress point between emerging hypocotyl and the buried hypocotyl.
Dadson (1974) observed that soil temperature had little influence
on hypocotyl elongation. He observed that at 40 and 42°C, seeds
under laboratory condition could still emerge hence temperature
alone may not be the only limiting factor. Soil crusting was also
an important factor since there was a high seedling emergence under
mulching. Boakye-Boateng and Hume (1975) observed that soyabean

emergence 1in the humid tropics was poor due to poor seed

germination. The large cotyledons had difficulty pushing through
the crusted soil surface. In their minor season trials, three
soyabean varieties were mulched and percentage emergence of
seedling in all the varieties were high. Verma and Kohnke (1951)
reported that mulching the soil surface with plant material can

lower soil temperature, decrease crusting, conserve soil moisture

10



and reduce soil erosion.

According to Kaul and Bekhon (1977), shading has been found to

seed viability. Neergaard (1977) reported that at relative
humidity ranging from 65% to 20%, there was equilibrium between
seed moisture content which favoured the growth of most storage
fungi. Christensen and Kaufmann (1965) observed that by this

equilibrium there was movement of water vapour between the seed and

i1ts surrounding atmosphere. A moist seed thus gave up moisture_to

resulting in moisture transfer. According to Allen (1983),



seed at a low moisture content picked up moisture from the air with

high relative humidity. Burlison et al. (1940) observed that

SOyabeans near the

surface in bin decreased appreciably in

germination within Oneé Yyear from harvest.

4

germinability of beans in the bin four feet below the surface also
decreased.

According to Reddy and

Nusrath (1986), intact, mature and sound grains were generally not

suitable for fungal invasion, while ilmmature



drying and handling. Insects may cause damage to seeds both in the

fields and also during storage.

According to Allen (1983),

mechanical damage may be caused by
careless handling of seed during

The report also pointed

out that pod sucking insects, such as the southern green stink bug,

Nezara viridula (L.) could affect soyabeans directly by reducing

vield and seed quality. Damage to the seeds resulted in lower

, decreased vigour, smaller seed size,

reduced oil content and reduced storability.

13



three to four weeks. The report

also pointed out that hard seeds absorbed less moisture from light

rains and heavy dews, thus,



pathogen activity, Further, stored seeds that had hard seed coats

responded less to fluctuations in atmospheric humidity.

Singh (1976) and IITA report (1980) pointed out that as in the

case of resistance to field weathering, genetic varlatlons exist

for storability in ambient tropical and subtropical environment .

The tendency for improved storability was pointed out by FAO report

of 1982 to be associated with Nigh initial germination, small seed

- s1ze and high percentage of hardseed. Singh (1976) observed that
| |

small seeded soyabeans maintained viability in storage better than

large-seeded ones.

Allen (1983) observed that many seed samples which had poor

, Plumper,

He 1ndicated that uniformly

sized seed-lot dave a more uniform crop than ungraded seeds.

According to IITA report (1976), numerous breeding lines with good

storability have been recovered at IITA, Nigeria from crosses of

high-yielding Ltypes with parents having good storability.




be the prime factor in colonization of seed by fungi. According to
Roberts (1972), the lower the temperature and moisture content of

the seed, the longer the period of viability.

Kelly (1988) devised two simple rules for stored seeds. These

state that for each one Per cent reduction in moisture content

celsius lowering of storage temperature, the storage life of the
seed 1s doubled. These rules operated with seed moisture content

between five and 14% and with temperatures from zero to 50°C and

were independent of each other.

According to Toole and Toole (1946 ), soyabeans with 13.5%
moisture content maintained at 30°C failed to germinate after five
months, whereas full germinability was maintained after ten vyears

of storage at minus ten degrees celsius. Soyabeans maintained at

Tervet (1945) showed that high moisture content and high
storage temperatures favoured incidence of fungal attack
particularly Aspergillus specles. Christensen and Kaufmann (1969)
observed that soyabean seeds died rapidly if stored with a moisture
content just below that which permitted storage fungi to grow and
at 25°%C. James et al. (1967) observed that soyabeans with 11.4%
moisture lost viability when stored for 34 weeks at 32.2°% and
those at 21.1°C showed signs of incipient deterioration. Following

three months storage under room temperature (21.1°C and 30% RH) the

16



readily and loses it slowly than sound grains. According to FAO
report (1982), high molisture in stored seeds increased respiration

and reduced viability. It was observed that when molisture content

18%, observed that wheat with a molsture content up to 16% could be

stored safely for as long as 19 months at temperature of minus five

degrees celsius.




At 20°C, germination
denerally remained above 90% for those at the lower moisture

contents, but decreased sharply in those stored at 16.5% and 18.3%
moisture content., At v20°%, germination generally remained above
90% for

In soyabean, the Process of
deterioration Precedes death by a longer period than ]

Dwivedi and Shukla (1990)

difference in agro-climatic

unfavourable to the development,

» Perpetuation ang dispersal of




., Cercospora Kikuchii (Matsumoto and

+ SOme fungal flora




20 species of fungi belonging to Aspergillus, Fusarium and

Penicillium were found assoclated with gram seeds.

Asthana et é_l. (1989) observed that during storage, fruits and
seeds become heavily infested with fungi which lead to their
spollage. Christensen and Kaufmann (1965) contended that storage
fungi caused a decrease in maize seed germination by damaging seed
embryo or inducing biochemical changes in them. Goplnath and
Shetty (1985) showed that Fusarium mopiliforme Sheldon was
associated with seed rot, germination inhibition and seedling rot
in sorghum seed. Similar_ Observations were made by Tripathi
(1974) . According to Singh (1990), apart from saprophytes and
storage *fungi, many important pathogens have been recorded 1n seeds
Viz: Botryodiplodia theobromae Pat., Drechslera maydis (Nisik)
Subram. and Jain, F. moniliforme, Nigrospora dryzae Sub. and Jain
and Trichoconiella padwickii (Ganguly) Jain in rice, Alternaria
alternata (Fries) Keissler and Ascochyta rabei (Pass. ) Labrousse in
chickpea. He pointed out that most of these fungi were seed
transmitted, causing heavy 1losses and adverse effect on seed

germination. According to FAO report (1982), increased seed

infection by fungi was always associated with rapid deterioration.

Tuite (1959) reported of a low occurrence of storage fungi in fresh

Chenule and Vir (1979) observed that Fusarium, Curvularia,

20



sorghum cultivars was found to be

internally seedborne. They reported that in sorghum seeds, F.

oxXysporum Schlecht. (endahl) infection may be seedborne or

restricted Lo the outer layers of the pericarp. They also recorded

F. solani (Mart.) Appel and Wr. in the pericarp and endosperm only

and not in the embryo. Basu-Chandhury and Pal (1981) also observed

a high incidence of infection by various Fusarium species 1in

sunnhemp (Crotalaria Jjuncea L.) and the three seed components,

pericarp, endosperm and embryo, showed heavy Fusarium infection.

21
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|

In a study on the location of Macrophomina phaseolina in

sunflower seeds, Sadashivalah et al. (1986) reported of a high
infection in the pericarp compared to the seed coat. However, the
endosperm and the embryo were free from infection. They also
reported the occurrence of the pathogen on the inner surface of
both pericarp and seed coat. According to Dhvani et al. (1990),
the infection of Phoma destructiva Plowr. in red pepper and bell
pepper was 16 and 2032 in seedcoat and ten and 13% in endosperm

respectively.

Neergaard (1977) observed that in loose smut of barley caused

by Ustilago nuda (Jens.) Rostr. , blossom infection led to the

establishment of dormant mycelium in the embryo and in covered smut
caused by U. hordei (Pers.) Langerh. The fungil occurred only as
contaminant on the surface of the seed. He also discovered that
Drechslera graminea (Rabenh. ex. Schlecht) Shoemaker, the cause of
barley leaf stripe, occurred as dormant mycelium within the
pericarp.

According to Christensen (1951), fungi known to cause
deterioration of moist stored wheat were found as dormant spores on

the surface of the seed and as dormant mycelium within the

pericarp.

2.06%2 Common fungal metabolites
Seed with high moisture content are metabolically active.

Dwivedi (1990) reported of higher phenol levels in deteriorated

' seeds as a result of fungal invasion than in healthy ones.

22



by 1nhibiting seed germination, seedling growth and other
physiological processes of the plant. Aflatoxin also inhibited

chlorophyll synthesis in maize seedlings which resulted 1in

virescence or albinism in seedlings.

Singh and Prasad (1983) observed that a large number of fungi

caused several biochemical changes in sesamum seed. According to
Gopinath and Shetty (1985), various Fusarium species produced
toxins which were phytotoxic and potential health hazards.
Tripathi (1974), Basu-Chaudhary and Pal (1981) attributed reduced
seed germination in sorghum to mycotoxins production by pathogens

present in the embryo. Gopinath and Shetty (1985) pointed out that

although, Fusarium was considered to be a soil-borne pathogen, its
seed-borne nature has been established. They also observed willting
and inhibition of germination of corilander (CoriandrumisativumiL.)
seedlings and seeds due to toxic metabolite produced by F,.

oXysporum t. sp. coriandrii Schlecht. F. moniliforme also produced

plants. In addition, it reduced germination percentage by killing
the seed embryo. Dwivedi (1990) also reported that in infected
Purple grains of rice, the phenolic content was high and concluded

*il

that higher levels of phenolic compounds soon after infection might

23



Bansal and Sobti (1990) used Thiram to check the incidence of
A. flavus and A.

niger in groundnut. Sinha et al. (1984) in a

Study on the effect of fungicidal seed treatment on germination of

triticale seeds Observed that fungicides

In

, Duter, Benlate, Bavistin,

Dithane M-45, Baytan and Dithane 2z-78 gave significantly higher

emergence than the untreated seeds.

24



According to Singh and Monga (1985),

several seed dressing
chemicals, dilute nitriec

acid and hot water treatment have

» MOSt internally

seed-borne fungi were restricted Primarily to the seed coat, with

relatively little Penetration into the cotyledons

2.7.1 Effect of hot-water treatment on seed quality and
viability

been known for decades. According to Gokte and Mathur (1992), hot-

water treated paddy se'eds

control samples.

Observed.



However, hot-water treatment has draw backs namely,

1) the heat travels slowly, takes more time in reaching the

centre of the seed, and

According to Hansen (1990

an oven is also

According to Hansen (1990), microwaves are easlly absorbed by

biological materials resulting in heating. They penetrate into the

centre of the seed and consequently, all parts are heated

moniliforme,

Pyricularia oryzae Cav. and other fungi, have been

treated at temperatures up to 75°C for about 40 min. With such

microwave treatment, it has been possible to reduce the lncidence

of viable infection in seed up to 96% and germination retained at

a fairly high levels. The success of the use of microwaves has

been limited because microwaves are equally absorbed by the

Pathogens and the seed. Uncontrolled heating may result in loss of

germination of seed.

26



S.7.3

oOr 'l ANC

Anon (1987) viewed biological control of Plant pathogens as

disease control by the use of natural Or modified organisms, genes

Or gene products.

, Pseudomonas fluorescence

(Fliigge) Migula, applied as a seed treatment, was able to control

In their field

» 8So0yabean seeds coated with the protecting isolate of B.

céreus were protected against p. megasperma.

Gabriel and Cook (1990), also observed that

Harman et'al. (1980) reported that biologically treated seeds

have to tide over for a few months from the processing to

utilization of the seed for sowing. When Trichoderma-coated radish
seeds were stored at room temperature (20 - 25°C) the Trichoderma

remained viable for two to 14 months, depending on the specles and

isolates.

27



indica 1. exhibited antimicrobial activity

They attributed this to the Presence of certain antifungal

*substances 1n the extract.

Odelola and Okorosobo (1988) observed

28



the presence of saponin and tannin in the extracts of two Nigerian
Diospyros species. Kishore et a1. (1989) observed that Chenopodium
0il was 1.5 times more effective than Benlate, twice as effective
than Dithane 2-78, three times better than Thiovit, and four times
more effective than Captan. Jain and Jain (1972) also observed
during antifungal studies Of some volatile oils and their

combilnations that the inhibitory effects of the o0ils were
cOmparable with those of the selected standard substances
(including Benzoic acid 1%, Hamycin 0.95%, Cetrimide 1%, Salicylic
acid). Clocimum oil was found- by Tripathi et al. (1986) to be more
effective fungicide than Dithane M-45, Blitox -50 and Bavistin.
Recent studies by Asthana et al. (1989) showed the efficacy of
the essential oils of Ocimum adscendens Willd in controlling fungal
deterioration during storage of chilli seeds and this was
attributed to the fungitoxic properties of the 01ls. According to

them, seeds of chillji (Capsicum annuum L.) treated with the

the synthetic fungicides. The 01l did not show any adverse effect
on seed germination and seedling growth of C. annuum. They also
reported that, the oils of Cedrus, Citrus and 0. canum could not
check the appearance of Penicillium and Rhizopus species but 0.

adscendens eliminated these fungi at very low concentrations.

29



0.3 and 0.5 per cent concentration (v/w) and stored the

They observed that the 0.1 per cent

i

concentration was able to Protect the seeds of both spices up to

75% and 60% respectively. Dubey et al. (1983) recorded 80% seed

.{ protection from these two spices with the olls of Citrus medica
|

(L.) and 0. canum at the same concentration.

According to Chandra et al. (1982), the essential oil of

|

Ageratum conyzoides 1I,. could protect chilli seeds from fungi

deterioration up to six months at 0.1 per cent concentration.

Asthana et al. (1989) observed that Aspergillus awamori Nak., A.

nidulans Winter, A. ochraceus Wilhelm, A. ruber (Spieckmann and

Bremer) Thom and Church, Cladosporium and Fusarium species were

carrying over the seeds of Bengal gram considerably augmented the

shelf life of the seed.

2.8 Effect of storage containers on seed quality and viability

According to Allen (1983), the production of good quality



proved difficult in the humid tropics. Seed deterioration is often

the major factor limiting the spread of soyabean production in

tropical regions. However

storage conditions. This was also evident from the studies of Roos

and Monalo (1971) with bean seeds.

r congenial environment for microbial attack and the dominant fungi
found in the produce were speclies of Aspergillus, Fusarium and
Penicillium.

Vadivelu et al. (1985) reported of the advantage of sealed
containers for seed storage. They also reported that seeds of
Phaseoli vulgaris L. stored in plastic bags gave very high

germination even after two vyears. Boakye-Boateng and Hume (1975)



76%, in an air-conditioned room (22°,

1

_ e e ., = A

(2°C, 89% RH). Seeds having a moisture content of 11.2%, 14.5% and

17.8% were stored at 22°C ang two degrees celsius. Seeds in

commonly stored for seven to 12 months for retail sale as a spice

or as seed stock for sowing in India. Chillies are still stored in

gunny (Jute) bags, without any treatment with fungicides. They

observed that during storage, the fruits and seeds became heavily

infested with fungi resulting in spollage. According to Evans

seed stored ln sealed containers maintained viability

longer than seeds stored ln open containers. In his study,

(25 - 28°C) in open or sealed Polythene bags. After open storage
for five months, five of the S1X varieties had less than ten per

cent germination, but one variety TGM - 395 retained 1%

germination.

32



| duty polythene bags, or in sealed cans. When high density

f polythene bags are considered for sealed storage, they ought to be

j'thick enough to effectively prevent moisture exchange. Care must

1

. be taken to heat-seal the bags and to prevent punctures.

FAO report (1982) indicated storability of seed was largely
f determined by its inheritance, Pre-storage history and the
I conditions and length of storage. The report pointed out the
effect of length of storage and storage temperature on sovabean
emergence at International Institute 0f Tropical Agriculture
Ibadan, Nigeria, for good quality seeds of 69 lines harvested in
December, 1975, and stored ln paper bags under ambient temperature

of 20°C and 75% relative humidity or in a cold room at 19°C and 70%

relative humidity. With increasing length of storage time,

According to the report, where atmospheric humidity is
constantly or intermittently high seed should be stored in rooms
where the humidity is low. However, if such storage areas are not

available, seed with less than ten per cent moisture should be



The report also suggested that,

effectiveness, air-

for long-term economics and



milling machine.

before milling.

mesh.

3.2 source of soyabean seeds

Two varieties of soyabeans - Anidaso and Bengbie (Wonderful

beans) obtained from Crops Resgearch Institute, Fumesua - Kumasi,

were multiplied during the 1992 major season.

manually and were hand threshed.

3.3 Disinfection of seeds

Surface disinfection of seeds was done by flooding the seeds

with 2.5% Sodium hypochlorite followed by 40% ethanol. Disinfected

seeds were dried in forced-air oven.

3.4 Determination of seed moisture

A modified Zeleny's technique (1961) was used in determining

the moisture content of seeds. Twenty grams of seeds were dried in
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| @ forced-air oven at 100°C for 1 hour. The seeds were ground and

§ further dried at 70°C for 24 hours to remove excess moisture. The

g | Initial moisture - Final molsture
jgeer cent moisture content = —— =~ = - "= TEAE x 100
] Initial moisture.

.'-

I.

' Moisture content of seeds were taken prior to storage and at three

. months intervals.

3.5 Germination test of seeds

Germination tests were carried out before storage and at three
months intervals during storage for the nine months storage period.
Both 1n vitro and in vivo tests were conducted. In the in vitro

studies, the blotter technique was used where seeds were plated in

M een———— L, P AR g ]
] - [ S ——— - |

sterilized 9-cm petri dishes 1lined with three lavers of moist
filter papers method recommended by International Seed Testing
Associlation (I.S.T.A.). 1In the in vivo studies, seeds were sown in
30cm clay pots filled with sterilized sandy soil. The so0il was

sterilized with 5% formalin. The pots were not pasteurized. The

Unpasteurized soil was not used for comparison. Scoring for
germinated seeds started from 5 days after sowing till the tenth
day. Ten seeds were plated in each petri dish and twenty were sown
in each clay pot. In the in vitro tests, a seed was considered

germinated when it produced a radicle within ten days and in the in
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vivo studies, a seed was considered germinated when its cotyledons

;emerged within ten days.

Percentage germination was calculated as follows:

- contained in McCartney bottles for 16 hours atter which the various

parts of the seeds - pericarp (testa), endosperm (cotyledon) and

the embryo portions were dissected aseptically and plated.
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CHAPTER FOUR

EXPERIMENTAL

Chlemical seed treatment is one 0f the methods used to free

~ some vegetable seeds of Pathogenic organisms. This treatment can

The seeds were stored separately 1n sealed paper bags and

high density polythene bags. Untreated seeds in the two different

containers served as controls. There were eight treatments for

each of the two varieties of soyabeans.
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1) Untreated seeds 1n sealed polythene bag

11) Untreated seeds in sealed paper bag

1ii) O. gratissimum leaf powder treated seeds 1n sealed

polythene bag

iv) O. gratissimum leaf powder treated seeds in sealed paper

bag

V) 0. gratissimum seed powder treated seeds 1n sealed

polythene bag

condition (23 - 27.5%%).

4.1 Effect Oof seed treatment on seed germination

The effect of treated seeds and control in the two containers
on germination in vitro was determined by plating 400 seeds in 4
replicates of 100 seeds each on moist filter paper. Ten seeds were-
plated in each petri-dish and incubated at room temperature (23 -
27.5°C). The number of germinated seeds was recorded from three
days after plating to the tenth day.

In the in vivo studies, 400 seeds each in 4 replicates of
treated seeds and control were sown in clay pots filled with moist
sandy soll. Twenty seeds were sown in each pot and incubated under

amblient conditions in the plant house. The seeds were sown to a
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depth of 2cm. Counting of germinated seeds started from five days

atfter sowing to the tenth day. Percentage germination was then

calculated as described in the materials and methods.

Five

It was incubated at room

temperature for two weeks. The mycoflora associated wlith the seeds

, the testa, endosperm and

embryo were plated on Tomato juice agar to determine the location

of mycoflora. Five seed components were plated separately and

incubated for two weeks. The mycoflora associated with each seed

component were identified and recorded. The presence of fungi was

designated + and absence as -.
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- gemination tests in vitro

!

respectively (Table 1).

!
! Table 1 : Per cent germinatio
| | storage in vitro.

| Cultivars
Anidaso Bengbie
-' No. of seeds A \W
i No. germinated 356 | 344
 Mean (%) germination 89 86

months of storage irrespective of seed moisture levels. The rate
of decline varied among treatments. The polythene bag was found to
be better for storing soyabean seeds with and without seed
treatment for the nine months period. The viability of seeds
stored 1n polythene bag without treatment varied from 68% to 79%

and 64% to 72% in vitro for Anidaso and Bengbilie respectively; and

_67% to 76% for Anidaso and 63 to 70% for Bengbile in vivo.

.

41



and polythene bag used for Carrying over the seeds augmented the
shelf life of the' seeds.

There was significant difference (P<0.05)

among treatments both in vitro and 1n vivo. Results of analysis of

variance testing difference ln per cent germination are provided in

Appendix 1A, 1B, 2A and 2B.
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Table 2 : Effect of seed treatments and containers on seed germination in Anidaso and Bengbie in vitro under
ambient conditions.

Per cent germination (%) after certain storage periods (months)

B e S

3 | 6 S

Treatments Contalners Anidaso Bengbie Anidaso Bengbie Anidaso Bengbie
Control Polythene bag 79 72 72 69 68 64

Paper bag 72 65 63 oY 97 04
Ocimum leaf Polythene bag 87 83 87 80 84 78
powder Paper bag 79 76 75 71 71 68
Ocimum seed Polythene bag - 81 79 79 74 15 69
powder Paper bag 72 69 69 63 62 59
Dithane M-45 Polythene bag 85 81 83 79 80 75

Paper bag 7 78 74 712 73 70
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Table 3 : Effect of seed treatments and containers on seed germination in Anidaso and Bengbie in vivo under
amblient conditions.

Per cent germination (%) after certain storage periods (months)

-_— -

3 6 S

Treatments Containers Anidaso Bengbie Anidaso Bengbie Anidaso Bengbie
Control Polythene bag 76 70 70 67 67 63

Paper bag 70 61 62 _ 56 56 D2
Ocimum leaf Polythene bag 85 81 83 79 82 76
powder Paper bag 77 74 74 71 69 66
Ocimum seed Polythene bag 79 75 74 72 712 68
powder Paper bag 69 66 63 60 60 57
Dithane M-45 Polythene bag 83 80 82 76 80 74

Paper bag 74 71 72 70 71 67
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~ Bengbie (Tables 4 and 8) s

The 1levels of moisture content of treated and untreated

soyabean seeds ranged from 10.5% to 13.1% for Anidaso and 12.2% to

13.9% for Bengbie during the nine month storage period. The seed

moisture content before storage was 11.0% for Anidaso and 12.6% for

Different storage conditions gave

different moisture content values. The highest moisture content

was assoclated with untreated seeds stored in paper bag and the
'least values occurred in Ocimum gratissimum leaf powder and Dithane
M-45 treated seeds stored in polythene bag. (Figures 9 and 10).
There were significant differences (P<0.05) among the seed moisture
content for all treatments and storage contailners. Results of

analysis of variance testing differences in molsture levels are

provided in Appendix 3 and 4.

Table 4 : Per cent seed moisture content of Anidaso under different storage
conditions

Per cent molsture content (%) after certain
storage periods (months)

Treatment Contailner 0 3 6 9 LSD
Control Polythene bag 11.0 10.8 11.5 11.7 © 617"

~ Paper bag 11.0 11.9 12.5 13.1 - 0.02

Ocimum leaf Polythene bag 11.0 10.5 10.7 10.9 0.20

powder Paper bag 11.0 1170 11.7 12.2 0.01

Ocimum seed Polythene bag 11.0 10.9 11.2 11.4 0.09

powder Paper bag 11.0 11.5 11.9 12.8  0.35

Dithane M-45 Polythene bag 11.0 10.7 11.1 .3 U ES

Paper bag 11.0 11 .1 11.8 12.6 0.07
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Table 5 : Per gept seed molsture content of Bengbie under different storage
conditions

Per cent moisture content (%) after certain
storage periods (months)

.
Treatment Container

0 3 6 9 LSD

Control Polythene bag 12.6 12.5 13.4 13.6 0.01
Paper bag 12.6 13.3 36 13.9 0.27

| Ocimum leaf Polythene bag 12.6 12.3 13.1 13.2 0.10
g powder Paper bag 12.6 13.1 13, 2 13.4 0.08
" Ocimum seed Polythene bag 12.6 12452 5.8 13.5 0.19
powder Paper bag 12.6 13.2 13.5 13.7 . 0.20
Dithane M-45 Polythene bag 12.6 12. 2 13.0 13.1 0.06
Paper bag 12.6 13.0 13.3 13.9 0.2

Nine genera of fungl were isolated from the test seeds. Out

of the 9 genera isolated, 6 occurred on Anidaso and 8 on Bengbie.

The main genera of fungi isolated were Aspergillus, Penicillium,

. Fusarium and Mucor. Others that were observed, though in lower

frequencies, were Colletotrichum, Cladosporium, Pythium, Curvularia
and Cercospora. Several unidentified fungl were also observed.
Only Aspergillus was identified Lo species level. In the assay,
s1X and eight fungi genera representing 47.58% for Anidaso and
02.42% for Bengbie of total fungal occurrence respectively were
recovered. Generally, more than one fungi colony was recovered
from a test seed. Bengble seed samples generally vielded more
fungus species than Anidaso seeds (Table 6). The per cent fungal
occurrence 1increased generally with increasing seed moisture
‘content. There was significant difference (P<0.01) among the
frequencies of fungal occurrence during the storage period (See

95



Appendix 5 and 6).
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Seed health test
the storage peri

1ng on Anidaso and

od.

Bengbie seeds during

Per cent fungal occurrence (%)

Fungus

———— R T

Anidaso Bengbie
Aspergillus niger 14.22 (0.24)% - 14.28 (0.28)
A. flavus 10.09 (0.01) 10.94 (0.06)
A. ochraqgus 6.16 (0.16) 8.39 (0.89)
& A, tamaqll 4.72 (0.72) 4.0 (1.00)
i LY qaqd1dus 1.64 (0.14) 2.49 (0.5%1)
' Penicillium sp 6.36 (2.58) 6.36 (0.00)
 Mucor sp _ 2.16 (0.16) 2«10 (0.40)
Cladogporlum Sp 0.26 (0.06) 0 (0.00)
Fusarium sp 0.39 (0.11) 2.36 (0.44)
Colletotrichum sp 0 (0.00) 0.07 (0.01)
Pythium Sp 0 (0.00) 0.07 (0.01)
Curvularia sp 0 (0.00) 0.07 (0.01)
Cercospora sp 0°.20 % 0-L100Y) 0820 /29)
. Unidentified sp 1.38 (0.17) 0.59 (0.01)
F
T ot al 47 .58 02.42

—_—

*Standard Deviation of means.

Aspergillus

Anidaso and Bengbie, respectively.

Aspergillus niger (Van Tiegham)
This was the most frequent Aspergillus species isolated. Tt
constituted 14.22% for Anidaso and 14.28% for Bengbie of total
mycoflora recovered. It occurred in high frequencies in both seeds

(Table 6).
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Aspergillus tamarii (Kita)

It made up 4.72 and 4.0% of total fungl 1solated for Anidaso

 and Bengbie, respectively though its occurrence was less frequent.

Aspergillus candidus (Link)

Only 1.64% for Anidaso and 2.49% for Bengblie of total fungi

were 1solated.

Penicillium species

It accounted for 6.36% each for Anidaso and Bengbie of total

mycoflora isolated. It occurred mostly on Aspergillus-free seeds.

Fusarium species
It represented a small percentage of 0.39% for Anidaso and
2.56% for Bengbie of total mycoflora isolates. Fusarium species

appeared only on seeds free of Aspergillus species.

oY



Mucor species
It constituted 2.16% for Anidaso and 2.10% for Bengbie of

total mycoflora isolated. It occurred in low frequencies in all

seed samples.

Cladosporium species

It constituted 0.26% of overall mycoflora population.

Occurrence was only found in Anidaso and at very low frequencies.

Cblletotrichum,‘Pytbium'and Curvularia species
These species were encountered 1in isolated cases and

constituted 0.07% each of entire mycoflora recovered. They were

associated with only Bengbie.

Unidentified fungi

mycoflora isolated in the study.

Mycoflora were recovered from all treated and untreated seeds
stored in polythene and paper bags in the study. There was
significant difference (P<0.05) among treatments and storage
containers as well as length or time of storage (see appendix 5 and
6). Fungal occurrence on test samples varied from 0.95% to 11.02%
for Anidaso during the storage period. The lowest fungal

k
occurrence of 0.95% was recorded in the third month on Ocimum leaf
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1n the sixth month and to 2.34% by the ninth month. Dithane

M-45 t '
reated seeds stored in Polythene bag recorded the lowest

fungal occurrence throughout the storage period except in the first

thre |
€ months. The highest fungal occurrence was recorded on

untreated seed stored in baper bag (Table 7, Figures 11 and 12).
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Fungus

Aspergillus niger
A. flavus

A. ochraceus

A. tamarii

A. candidus
Penicillium sp
Mucor sp |
Cladosporium sp
Fusarium sp
Colletotrichum sp
Pythium sp
Curvularia sp
Cercospora sp
Unidentified sp

* + Present
- Absent

l + + + + + + + + +

+

67

Aspergillus

candidus, Penicillium and Mucor

Endosperm

l + + + + | + +

+



; testa, endosperm and embrvo. A. tamarii was
recorded.in.the testa and endosperm only while A. candidus, Pythium

and Cercospora species were restricted to the testa and Curvularia

speclies to the embryo (Table 10).

Table 10: Location of seedborne mycoflora 1n Bengbie seeds after

nine months storage under different storage conditions

| L8 Eal.6.0

II'_''_-_-—_-''__l-llllIll_|—Il|III-—-_.-|—n....--......—_._—_..._

|
- Fungus Testa Endosperm Embryo

Aspergillus niger
A. flavus

A, ochraceus

A. tamarii

A. candidus
Penicillium sp
Mucor sp
Cladosporium sp
Fusarium sp
Colletotrichum sp
Pythium sp
Curvularia sp
Cercospora sp
Unidentified sp

|+ + +

L+ 1+ 4+ 1 ++ 1+
I+ 1+ +

|
oL

++ +++ 4+ +++++++

&
|

+ Present
- Absent
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CHAPTER SIX

DISCUSSION

contaminant in the form Of infected plant debris mixed with seed
(Neergaard, SR

experiment included species ofAspergillus,Penicillium,.Fusarium,

Cladosporium, Curvularia, Cercospora, Mucor, Colletotrichum,

The occurrence of these

also observed by Singh (1990). However, Bengbie seeds recorded

higher fungal infection than Anidaso seed partly because seed
moisture content of Bengbie was higher. This Observation agrees
with a report by Christensen and Kaufmann (1969) that a difference
of only 0.2% seed moisture content makes a difference in the ratel
of growth of storage fungl and in the damage they cause in a given
length of time.

In the experiment, it was observed that Aspergillus niger,
Aspergillus flavus, Aspergillus ochraceus and Penicillium species
were probably the four main fungi responsible for the deterioration

O0f Anidaso and Bengbie seeds in storage. Generally, these fungi

occurred 1in higher frequencies in Bengbie seeds than in Anidaso
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seeds (see table 6). These Organisms are storage fungl and require

Fusarium and Cladosporium species were isolated in low

frequencies (Table 6).

and Kaufmann (1965) as typical field fungi which require high

moisture levels for growth, a condition not satisfied by the seeds

used for the study. Fusarium specles were most often isolated from

seeds free from Aspergillus species which was 1n conformity to
observations by Joffe (1973); that Fusarium was suppressed whenevef
Aspergillus niger occurred due to its antagonistic effect.
Penicillium species also occurred 1n Aspergillus-free seeds because
whenever Penicillium species made their appearance, Aspergillus
species was suppressed which is in agreement with findings of

Bhadraia and Ramarao (1987) who observed an antagonistic

association between Penicillium and Aspergillus species. These

organisms, in addition to Mucor, Colletotrichum, Pythium,

70



storage fungi. The suppression of these fungi may also be
attributed to the seed treatment by the Ocimum leaf and seed
powders as well as Dithane M-45 which concurs with the findings of
Asthana et a7 (1989). Dpel Prado and Christensen (1952) observed

that Fusarium may die within a few months un_der storage conditions

through autolysis.

According to Christensen and Kaufmann (1969), field fungi may
discolour seeds, cause death of the ovules, shrivelling of the
seeds or*kernels, weakening or death of the embryo. There was a
decrease in germination of Anidaso and Bengbie seeds both in vitro
and 1n vivo with increased storage period and this may be
attributed to the invasion of the seeds by storage fungi which
might have caused depletion of seed nutrient, inflicting starvation
of the seeds, concurring with the observation made by Sempio
(1959). Christensen and Kaufmann (1965) also reported a decrease
in seed quality and heating accompanied by reduction in seed
germination percentage or complete seed spollage caused by storage
fungi.

There was a difference between results of seed germination in
vitro and in vivo (see table 2 and 3) of Anidaso and Bengbie and
the discrepancy might be due to soil and plant house conditions as
observed by Anon (1959). Seed viability reduced after three months

storage, partly because increasing length of storage might have
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The difference in storability and

germination may also be a8soclated with genetic make up of the

Fusarium moniliforme was assocliated with seed rot, germination

inhibition ang

(1985).

seedling rot as Observed by Shetty and Gopinath

Similar Observations were made by Tripathi (1974) and

Anahosur and Hedge (1980). Embryo infection by Fusarium species in

Bengbie seeds might have accounted for the lower percentage seed

germination. 1In addition,

Fusarium can also reduce per cent seed

Vidyasekaran et aJ. (1970) also reported

reduction in germination of rice seeds due to Fusarium species. A
high incidence of embryo infection by various Fusarium species in
Bengbie seeds was also observed in Sunnhemp seeds by Basu-Chaudhary
and Pal (1981). Al the three seed components of Bengbie variety

showed heavy Fusarium infection and this suggested the infective

ability of the pathogen. However, other seed-borne pathogens were

also noticed (Table 10).

germination because they are mainly responsible for germ damage in

seeds or grains as reported by Christensen and Kaufmann (1969).
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There was 3 Significant increase in seed moisture content;
Probably due to slow movement of air, set up by difference in

Christensen and Kaufmann (1969).

Also, like all living things, the storage fungi break down much of

their food into carbon dioxide and water, and so they are likely to

increase the moisture content 0of the seeds they infect.

as well as high fungi occurrence. This was probably because, the

Paper bags are not water and vapour proof hence, there might have

been exchange of moisture from the environment to the seeds through

the container. However, sealed polythene bag containers recorded

exchange as reported by Allen (1983).

Results suggested that in general, seeds stored at low
moisture content were able to store better. The results also
showed that viability of seeds in storage was influenced by the
moisture content and storage container as also reported by Kelly
(1988).

The seed protectants of plant origin as well as moisture and

vapour proof containers used for carrying over the seed

considerably augmented the shelf life of the seeds. Significant




Roos and Monalo (1971) with bean seeds. This

also occurs with the Observation made by Vadivelu et al. (1985)

that rapid deterioration of gram seeds 1n moisture pervious

humidity of the storage atmosphere. The fact that treated seeds

recorded higher seed germination in the study, bears testimony to

believed to contain the most fungitoxic component, eugenol
(81.24%). According to Tripathi et al. (1986), eugenol is a broad
spectrum fungitoxic compound. Other components include phenol
cymene (5.2%), geraniol (4.04%) and linanyl acetate (2.20%).
Santra (1973) also reported that 0. gratissimum was rich in Thymol,
a phenolic terpene responsible for the strong antifungal activity;
Pandey (1982) also observed the effectiveness of leaf extracts of
medicinal plants and their usefulness to control seed mycoflora and
increased seed germination. However, Tervet (1945), Maude (1966)
and Singh and Maurya (1972) reported on usefulness of fungicidal

treatment in minimising the loss in viability and vigour in stored

seeds of various crops.

74



The fact that the Lreated and untreated seeds stored 1in

moisture and vapour Proot containers (sealed polythene bags)

registered comparatively higher values for viability indicated that

the seed moilsture content was controlled in sealed polythene

storage bags. Vadivelu et al. (1985) reported on the advantage of

sealed container for seed storage. They also observed that seeds

O0f Phaseolus vulgarus stored in plastic bags gave very high

germination even after two years. The results of the study agreed
with findings of Evans (1957) that soyabeans stored in sealed
polythene bags recorded or retained high percentage seed
germination. This also concurs with the study by Asthana et al.

(1989) in which the 01l of Ocimum adscendens protected the seeds of

Capsicum annuum for up to 12 months.



CHAPTER SEVEN

CONCLUSION

e = .

Xerophytic fungi Aspergillus speclies and Penicillium speciles

were the principal storage fungi and responsible for seed

seeds, with the storage environment through the container resulting
in a decline in seed viability. On the other hand, seeds treated
with Ocimum gratissimum leaf powder and stored in moisture-
impervious sealed polythene bags were protected hence, the rapid
deterioration of the seed was suppressed and seed viability was
mailntained. This compared favourably with Dithane M-45 treated
seeds stored in sealed polythene bags. Biocontrol requires minimum
input, provides a long-term and sustainable check on rapid build up
of pest population, environmentally safe and cost effective on long

term basis as well as an effective control measure comparable to

chemical treatment (Gabriel and Cook, 1990).
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Various members of the Ocimum genus especially 0. gratissimum
gIOW very well in the Southern part of Ghana. 0. gratissimum has
been employed in folkloric medicine for diarrhoea and flavourants
for food (Gbile, 1986). The extracts have no mammalian toxicity
since they are utilized in local medical preparations for oral
consumption as well as in foods (Purseglove, 1985 and Gbile, 1986).

The method of obtaining the powders is relatively simple and is

6.1 Recommendations

Soyabean seeds and other grains should be treated with 0.
gratissimum leaf powder and stored in sealed polythene bag.

The 0. gratissimum leaves should be ground to be very fine,
sieved and an appropriate adjuvant like oil should be added.

The 0. gratissimum treated seeds should be stored in heavy-
density polythene bag and heat sealed. Care must also be taken to

prevent punctures on the polythene bags.

17
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APPENDICES

APPENDIX 1A - Analysis of variance of percentage germination of Anidaso

after nine months storage in vitro. '

| Degree of | Sum of Mean F-value Prob.
1 Source freedom squares square -
Replication 520.29 260,145 17.530% . 047

A T 7 lang lanet Rk
_ 192.00 192.000 12.938%
a3

- 20.00 2.857 -1 0.193NS
S A W AR T X G e
m——-
*Significant at 5%
N.S. = Not significant

APPENDIX 1B : Analysis of variance of percentage germination of Bengbie
after nine months storage in vitro.

Degree of F-value Prob.
source freedom squares square
041
: | 7 |25 |292.604 [19.060 | .oz
2 [ 1 [wea  [wesm [
B [ 7 [weo  asm  |oams
S R PR T sk

*Significant at 5%
N.S. = Not significant
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An,alysi'?~ Of variance of percentage germination of Anidaso
after nine months storage in vivo.

*Significant at 5%
N.S. = Not significant

APPENDIX 2B : Analysis of variance of percentage germination of Bengbie
after nine months storage in vivo.

Degree of | Sum of Mean F-value Prob.
sSource freedom squares square
209.63 | 104.815 | 4.18Ns

a7 loswn [wses s oo
X R PP P N
2 [ 7 e [ow [oomw |
L ST T S T s § S € S —
el B TIEORN 2T IO

*Significant at 5%
N.S. = Not significant
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Replication
Treatment

APPENDIX 4 - Analysis of variance of percentage moisture content of
Bengbie.

source Degrees of | Sum of

Freedom squares

Replication 1.38

Treatment 1 392.00

Error | 3 5.00
7

*Significant at 1%
N.S. = Not significant.
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lance of percentage fungal occurrence on
Anidaso
Source Degrees of | Sum of Mean F-Value Prob.
| Freedom Squares sSquare
Replication 2 14.85 23.62% .000
Treatment 7 126.11 07.33* 000
| Error

4.40 0.314

14

*Slgnificant at 1%

APPENDIX 6 : Analysis of variance of percentage fungal occurrence on

Bengbie

Freedom squares Square
Replication 2 7.56 3.782 12.69* .003
Treatment 100.91 48, 36%* .00
Error 4,17 0.298 -

7
14
uzes | abig 0an

*Significant at 1%
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