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1. INTRODUCTION

The purpose of  this Technical Note is to give an introduction to the role of  fungi during seed procure-
ment and germination, and to provide guidelines on the control of  those with harmful effect on seed and 
seedling quality. Advice is given for each seed-procurement step, and fungicide treatment is covered in a 
separate chapter.

The note is primarily based on chapter 7 in 'Guide to Handling of  Tropical and Subtropical Forest Seed' 
by Lars Schmidt, supported by a report on 'Fungi associated with forest tree seed during handling and 
storage, and the impact on viability and germination' made by Inge Knudsen from Department of  Plant 
Biology, The Royal Veterinary and Agricultural University, for DFSC in 1997, and the conclusions of  a 
study on the effect of  fungi on recalcitrant seeds by Dr. R.K. Mittal at Danish Government Institute of  
Seed Pathology for Developing Countries, 1998.

2. FUNGI AND THEIR INTERACTION WITH SEEDS AND PLANTS

Fungi are eukaryotic1 organisms and as such evolutionarily close to plants and animals, but have distinct 
characteristics: 1) they consist of  filaments (hyphae) that grow from the tips and branch behind the tips, 
resulting in a network of  hyphae termed mycelium; 2) they are heterotrophs, meaning that they like 
animals live on pre-formed organic compounds which they absorb through the cell wall and cell mem-
brane; 3) they reproduce sexually and asexually by spores, which are tiny but vary in shape and function.

It is outside the scope of  this note to go into detail with the various groups of  fungi, but it is important 
to distinguish between them according to the way in which they obtain nutrients: either as parasites or 
symbionts from other living organisms, or from dead organic material as saprophytes (Deacon, 1997). 
However, many fungi can live on both living and dead tissue, and may be grouped according to their 
preferred growth habit: obligate parasites have parasitism as a necessary part of  their life cycle, faculta-
tive parasites live mainly as saprophytes, but may occasionally infect living tissue, hence being opportun-
istic parasites. Obligate saprophytes do not infect living tissues, whereas facultative saprophytes live 
mainly as parasites but are able to complete their life cycle as saprophytes, typically after the host organism 
has died (Halloin, 1986).

Some parasites kill the host tissues by producing toxins or enzymes, others feed from the cells without kill-
ing them. A parasite that causes disease is called a pathogen. But fungi also play positive roles in relation to 
seeds and plants. Mycorrhiza live as symbiont in association with plant roots and obtain organic carbons 
from the host, but in return the plant benefits by a more efficient uptake of  mineral nutrients from the 
soil (Deacon, 1997). (Note that the transition from symbiont to parasite might be unclear, sometimes the 
host benefits very little from the relationship).

Saprophytes play a very important role as decomposers of  organic matters so that nutrients can be recy-
cled. Some fungi, together with bacteria, contribute to breaking down hard seed coats hence rendering the 
seeds permeable to water, so that they can germinate.

1  Eucaryotes are organisms composed of  cells with true nuclei. These organisms undergo meiosis as opposed to procaryotes that lack 
nuclear membranes.
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Fungal infection may occur at any part of  the plant, by spores or by mycelium. When spores are deposited 
on a suitable substrate, and temperature and humidity are appropriate, the spores may germinate and form 
minute thread-like hyphae that penetrate into the plant tissue (see figure I). Some of  the fungal exudates 
cause damage to the cell membranes, others inhibit vital life processes of  the germinating  seeds. A mod-
erate infection may reduce germination energy and affect embryo development e.g. causing malformations 
or discoloration of  the seedling.

Fungi may spread over short distances from one seed to another in a seedlot through growing mycelium. 
As the fungus grows and completes its life cycle, it forms new spores which may infect new plant parts 
on the spot or be dispersed into other areas. The time to complete the life cycle depends on species and 
environmental conditions. Many fungi multiply primarily vegetatively (i.e. by hyphae) when conditions 
of  moisture and temperature are optimal for growth, whereas spore formation becomes common under 
stressed conditions, e.g. when food supply is depleted or under suboptimal temperature and moisture con-
ditions. Spores are able to survive for long periods (see chapter 2.3).

Severity of  fungal attacks is proportional with initial infection (inoculation) plus the conditions during 
growth and development.

Figure 1. Longitudinal section of  a clover stigma showing germinating pollen grains and conidia of  Botrytis anthophila 
(anther mould of  red clover). From Maude, 1996. Conidia are asexual fungal spores (Neergaard, 1979).

Fungi may be classified as seed borne or seed transmitted according to the general terminology of  
pathogens. Seed-borne fungi include all fungal types contaminating the surface of  the seed or infecting 
its tissue. Seed-transmitted fungi cause no infection of  the seed itself  but infect seedlings in the nursery 
or in the field (Neergaard, 1979). Because fungal spores are found almost everywhere and have a high 
resistance to adverse environments, most fungi are probably seed transmitted to some degree, but in 
most cases they are harmless because of  resistance from the plant or other reasons causing failure of  
infection.

Many fungal species are primarily dispersed by wind or nursery soil and are only occasionally seed borne. 
The risk of  seed-borne pathogens infecting living plants also depends on mode of  infection. For example, 
fungal types that primarily attack the reproductive structures (e.g. some seed rust and smut fungi) are easily 
transmitted with fruits and seeds, but their likelihood of  being dispersed from the seed back to a suscepti-
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ble flower or fruit is small. Inversely, pathogens primarily infecting young plants ('nursery pathogens') are 
less likely to be introduced into the seed lot, unless seeds are collected from the ground where the patho-
gens are found. Once introduced their dispersal and infection can be very fast. In the cases where seeds 
carry pathogens capable of  infecting newly germinated plants, the path from seed transmission to infec-
tion is short.

An example of  a seed-transmitted disease is ‘Damping-off ’, a common nursery disease caused by Fusar-
ium spp., Pythium spp., Rhizotonia solani and Sclerotium rolfsii. Pythium attacks the emerging root tips 
and Rhizotonia solani characteristically the young shoot base. The fungi grow fast and overwhelm the 
host. The infection often depends on environmental factors such as wet soil for Pythium spp. (Deacon, 
1997). The disease usually originates from nursery soil but is occasionally introduced via infected seeds 
(Gardner 1980, Ivory and Spreight 1993). In three Araucaria species in Australia seed borne Rhizotonia 
solani proved to be the principal cause of  Damping-off  (Kamara et al. 1981).

Rust and smut diseases are common infections in seed and fruit of  herbs and agricultural crops, but rela-
tively rare in trees. In Central America, Pinus oocarpa is frequently infected by pine cone rust, and in West 
Africa a smut disease in Triplochiton scleroxylon can seriously impair seed production (Ivory and Spreight, 
1993). Rust and smut fungi produce vast quantities of  spores which are likely to be mixed with the whole 
seed lot during processing and hence being seed transmitted. As stated above, however, their chances of  
infecting new cones or fruits are probably small.

Fungi may be specialists or generalists in regard to host plants. Examples of  host specific fungi are 
Phyllachora balansae on Cedrela spp. in Central and South America, and Dothiorella mahagoni on Swi-
etenia macrophylla in the West Indies. Both species cause stem disease of  nursery seedlings (Ivory and 
Spreight, 1993). Another host-specific stem disease in seedlings and young trees in Central America is 
the eastern gall rust of  pines. This fungus has a complex life cycle with two host species viz. Quercus 
and Pinus. The pine seedlings are infected by airborne spores from infected leaves of  nearby Quercus 
spp. and the infected seedlings or young trees form large galls which produce another type of  spore 
which infects Quercus spp. (ibid.). Least host specific are storage fungi like Aspergillus niger and A. fla-
vus which attack seeds of  a wide range of  species (Mittal et al. 1990).
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3. STRATEGIES TO CONTROL FUNGI DURING SEED PROCUREMENT

Prevention and control of  fungi in seeds are very closely linked to proper seed-procurement procedures as 
problems with fungi often relate to poor seed quality and wrong storage conditions. Three strategies should 
be used: first of  all, much can be done to avoid infection of  the seed during collection and handling. Second-
ly, other precautions can limit the spreading and growth of  fungi in a seed lot. Finally, if  the first two strate-
gies fail, different treatments can be used. Examples of  precautions and methods are given below in table 1.

The following four chapters will cover problems and relevant control measures related to seed collection, 
processing, storage and germination respectively. The most important points of  the four chapters are 
summarised in table 2.

Table 1: Strategies for Fungal Control

Strategies Avoid or reduce 
infection

Limit growth Treatments

Examples

Seed collection directly 
from the tree

Avoiding mechanical 
damage during 
processing

Use of  clean 
equipment

Removal of  dead and 
damaged seeds

Removal of  dead and 
damaged seeds

Temperature and moisture 
control

Physical separation
of  the seeds

Maintaining optimal seed 
vigour

Fungicides

Hot water

Surface sterilization

(Antagonists)

3.1 Collection
Although most seed-borne fungi are harmless saprophytes, precautions during seed collection should 
be taken to reduce general contamination with pathogens, and minimise the risk of  introducing specific 
ones. By collecting fruits/seeds as early as possible after maturation, the period during which seeds 
are prone to infection can be greatly reduced (Mohanan and Sharma, 1991). Collection directly from 
the tree instead of  from the ground is another measure to prevent fungal infection. Seeds collected from 
the ground are very likely contaminated with soil-borne fungi, which might easily become seed borne and 
potentially disease transmitting. Extra costs of  collection from the trees may be covered by the value of  a 
better seed quality or by saving on costly treatments (labour-or moneywise). Quercus robur is an example 
of  a species of  which seeds often get infected by a pathogen, Ciboria, on the ground and will need a hot 
water treatment prior to storage to eliminate the fungus (see chapter 3.3). In Picea sitchensis it was found 
that seeds collected directly from the trees were free from contamination with Caloscypha fulgens, a fun-
gus causing germination failure of  several conifer seeds, whereas seeds collected from the ground were 
heavily infected (Southerland, 1981).

If  collection directly from the trees is impossible or impractical, use clean covers (e.g. tarpaulins) un-
der the trees for collection.
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If  the seeds are recalcitrant and need storage at high temperature and high humidity, or if  optimal storage 
facilities (e.g. cold stores) are lacking, it is particularly important to limit the initial contamination.

It is also important to be aware of  the conditions during transport and temporary storage before process-
ing. The best thing is immediate processing and transfer to optimal storage conditions. Where this is not 
possible, fruits/seeds should be kept as dry and cool as possible, and when the moisture content of  the 
fruits/seeds is high make sure that there is enough air around the fruits. Avoid large, closed containers. It 
may be a good idea to mix the seeds with some material that allows air exchange and limits spreading of  
fungi among the seeds by making the physical distance between seed longer. It should of  course be clean 
material that does not contribute to contamination of  the seeds.

3.2 Processing
During seed processing seeds are extracted from fruits, dried (if  possible) and cleaned. 

If  the seed is contained in a fleshy fruit, the seed is often extracted in water during which the fruit flesh is 
macerated and washed off. This poses two problems with regard to fungi: 1) remnants of  fruit on the seed 
will make a good basis for growth of  saprophytes, and 2) spores might germinate on the wet seeds. Clean 
the seeds of  all traces of  the fruit and make sure to surface dry seeds as fast as possible afterwards. 
Even recalcitrant seeds will tolerate surface drying as it will have no effect on the seed moisture content as 
long as it is just removal of  free water on the seed coat. Note that it is generally easier to remove the fruit 
flesh when the fruits are ripe than if  they are immature. If  the fruits are left for too long before the seeds 
are extracted, the fruits may start fermenting and the seeds lose viability probably due to toxic compounds 
released by micro-organisms.

Mechanical damage during processing should be avoided. Fungi are normally unable to penetrate 
intact seed coats, unless the coats are very thin, but cracks or damages in the seed coat may be entry points 
(Halloin, 1986).

Only clean equipment and containers should be used in order to avoid infection passing from one seed 
lot to another.

By removing dead, empty, damaged and insect-infested seed from the seed lot, as well as other materi-
als such as soil, leaves, twigs and fruits, a great source of  contamination and fungal growth is eliminated. 
Thorough seed cleaning is therefore very important. Seed separation and grading techniques are de-
scribed in DFSC Lecture Note C-7.

F or some seeds a hot water treatment before storage can eliminate a serious pathogen. Hot water treat-
ments are used in a number of  crops against fungi as well as nematodes and bacteria. The seeds are im-
mersed in approximately 50°C hot water for 10-30 minutes (Agarwal and Sinclair, 1997). Hot water treatments 
may however easily damage the seed, so it is very important to know maximum temperature and duration of  
treatment. In Quercus robur, the pathogen Ciboria is eliminated by hot water treatment at 41°C for 2 ½ hours. 
A side effect of  the treatment is however a boost in growth of  storage fungi, so the hot water treatment 
must be followed by a fungicide treatment to control the storage fungi.

3.3 Storage
Storage fungi, commonly called moulds, are facultative saprophytes living on most dead organic materi-
als. There is accordingly little host specificity among storage fungi. Most species belong to the genera 
Aspergillus, Chaetomium, Mucor, Penicilium and Rhizopus. Aspergillus is far the most common in seed 
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store infections; Penicilium is more common in the temperate than in the tropical regions (Agarwal and 
Sinclair, 1997), although Hong (1981) found several Penicilium species on stored dipterocarp species in 
Malaysia. Storage fungi are frequent where seed moisture cannot be brought below a safe level, generally 
about 10%. In India, Aspergillus niger is a frequent storage fungus attacking seeds of  Shorea robusta. The 
fungus may attack at moisture contents of  12% (equivalent to RH of  approx. 75%) and the attack be-
comes increasingly worse at higher humidities and seed moisture contents (Sing et al., 1979).

The consequences of  storage-fungi attacks are particularly critical in seeds stored for human or animal 
consumption as the seeds can be contaminated by harmful substances released by the fungi, which can 
give health problems. In tree seeds the major concern is to maintain a high seed quality for as long as pos-
sible. Storage fungi may cause direct damage to the seeds through toxins or physical invasion. or indirect 
damage through heating due to respiration of  the fungi (Agarwal and Sinclair, 1997).

The problem with controlling fungi during storage is that fungi are very well adapted to dry as well as wet 
conditions. Optimal storage conditions for orthodox seeds with low humidity and low temperature is at 
the same time optimal storage conditions for many fungal spores. Even extended storage will not result 
in a significant reduction of  the contamination of  the seeds. After 8 to 14 years of  storage of  pea, bean, 
barley, wheat, cabbage and carrot seed, there was only a small decrease in percentage of  infected seeds 
(Maude, 1996). While spore survival is reduced at higher humidities and temperatures, these conditions 
favour fungal growth as well as seed deterioration. But even though low temperatures and humidities do 
not reduce infection, they reduce fungal growth. Storage fungi may be active at a temperature range from 
0-55°C, some even as low as minus 5°C (Christensen, 1973). However, the activity of  most fungi is ex-
tremely slow below 10°C so temperature reduction is the safest way of  reducing fungal growth in seed 
stored with relatively high moisture content. In figure 2 temperature ranges are shown for growth of  12 
different fungi.

It should be noted that many recalcitrant seed do not tolerate temperatures below 15°C. The effect of  
fungi on the storability of  recalcitrant seeds was investigated by Mittal (1998), but although many fungi 
were present on the seeds of  Eugenia dysenterica, Syzygium cuminii and Quercus robur, all untreated 
seeds (controls) in storage trials germinated at least as well as seeds treated with fungicides, sodium 
hypochlorite or hot water.

In a storage trial of  Khaya anthoteca seeds from National Tree Seed Programme, Tanzania, where seeds 
were stored at 15°C, 5°C and -18°C for 6 and 12 months, fungi were a significant problem in the subse-
quent germination test for seeds stored at the two lowest temperatures, whereas seed stored at 15°C ger-
minated significantly better (see figure 3). The occurrence of  21 fungus species in percent on the stored 
seeds were compared. For seeds stored at 5°C there was almost twice as high an occurrence as at 15°C, 
and for seeds stored at -18°C almost three times as high an occurrence of  fungi than at 15°C. It remains 
to be solved whether the fungi caused loss of  viability during storage or if  the seeds were first weakened 
by the low temperatures and then attacked by fungi (Mittal, 1998).
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Figure 2. Approximate temperature ranges and optima for growth of  some representative fungi (Deacon, 1997).

Storage fungi grow at moisture contents in equilibrium with a relative humidity of  65-75 to 85-95%, de-
pending on the species. Some Aspergillus spp are active at very low humidity while most Penicilium spp 
have a minimum requirement of  85-95% (Christensen, 1973). Since fungi start growing on the surface of  
the seed, they are more dependent on air humidity than on moisture content of  the seed itself.

Figure 3. Germinated Khaya anthoteca seeds. Left row: healthy germinated seeds with well developed radicles. Three rows 
on the right: the radicle axes have been killed by fungi resulting in the development of  auxiliary roots. 

Pelleting of  seeds are used to ease sowing of  small seeds, but the layer around the seed can also have a 
protective function against fungi through physical separation of  the seeds or through fungicides or antag-
onists2 added to the coat. Coating is however still on an experimental stage for tree seeds. Mixing the seeds 
with clean inorganic material such as sand or vermiculite might also have a beneficial effect, but organic 
materials that can serve as nutrients for saprophytes should be avoided.

Thermomyces lanuginosus
Chaetomium thermophile
Humicola insolens
Mucor pusillus
Aspergillus fumigatus
Aspergillus flavus
Penicillium chrysogenum
Cladosporium herbarum
Botrytis cinerea
Rhizopus nigricans
Penicillium exåansum
Penicillium brevicaulis

2 An antagonist is a micro-organism which counteracts another micro-organism physiologically (Neergaard, 1979).
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Insects and mites can carry spores and spread fungal infection; furthermore they release water through 
respiration and produce heat, so increase in insect infestations will often be followed by an increase in 
fungal activity (Agarwal and Sinclair, 1997). Insect infested seeds should therefore be removed during 
processing if  possible, and perhaps controlled during storage by use of  CO2 (see DFSC Technical Note 
no 42.).

3.4 Germination
It can be discussed whether fungi should be controlled during laboratory germination as the level of  
fungal contamination or the susceptibility to fungal attacks also is part of  the seed quality that is tested. 
But if  a major part of  the seeds die from secondary fungal infections during the germination test, the 
viability of  the seeds is underestimated. Studies have shown that the seed-transmission rate of  patho-
gens is higher in sterile media compared to unsterile soil. Infection in laboratory and field soil tests of  
eight different crops by seven different pathogens were in all cases much higher under laboratory condi-
tions than in field soil (Maude, 1996). One explanation is probably that the soil contains many different 
micro-organisms, of  which some might be antagonists towards the pathogens, and generally the competi-
tion between all these micro-organisms will make it difficult for one pathogen to proliferate. Field soil can 
however not be used in the laboratory because the methods need to be standardized and repeatable.

Apart from level of  contamination of  a seed lot, temperature, germination media, species and length 
of  the test determine whether fungi become a problem. If  the seeds are of  good quality and germinate 
fast, fungi will rarely be a problem. Whereas a long germination period combined with high temperature 
is problematic. If  fungi are a problem, it may help to germinate the seeds in sand or folded paper. The 
physical distance between the seeds delays the spread of  mycelium to uninfected seeds. It may also help to 
lower the temperature over night. Seeds with any kind of  dormancy should be given an effective pretreat-
ment before the test, to make sure they germinate as fast as possible.

Germination boxes and medium must be clean before use. Germination boxes should be washed after use 
and disinfected (e.g. with conc. ethanol) before use. Blotters should be kept in closed, clean plastic bags 
before use. Sand for germination should be washed and sterilised by heating at 120°C for 4 hours. Only 
pure water should be used for the test and germination cabinets should be cleaned regularly.

It is important to avoid fungi spreading when germinated seeds are counted. If  e.g. tweezers are used, a 
small glass with conc. ethanol should be used for cleaning the tools between replicates and after removing 
decaying seeds. Working areas should be disinfected and hands washed between tests.

Surface sterilization of  the seeds before germination tests can give the seeds a head start over the fungi. 
Usually the fungi on the surface are not totally eliminated, but reduced in number. Concentration of  the 
sterilising agent and duration of  the treatment should result in an effective treatment against fungi, but not 
have a negative effect on germination of  the seeds. One treatment is to soak the seeds for 10 minutes in 
a 1% sodium hypochlorite (NaCIO) solution, followed by rinsing in clean water. Sodium hypochlorite is 
available in most places.
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Table 2. Control of  Fungi at Different Seed Procurement Steps
Seed Collection Processing Storage Germination

Collect fruits/seeds as
soon as they are
physiologically mature.

Avoid collection on the 
ground if  possible -at 
least collect fruits/seeds 
on clean tarpaulins.

Avoid delays before 
processing -especially 
when fruits/seeds have 
high moisture content. 
E.g. when seeds are 
extracted from a pulpy 
fruit or if  the seeds are 
recalcitrant.

When temporary stor-
age cannot be avoided, 
monitor temperature, 
humidity and ventilation 
carefully.

Avoid mechanical and 
physiological damage of  
the seeds during
processing.

Make sure that seeds are 
clean and surface dry.

Separate damaged, 
empty, dead and insect 
infested seeds from the 
healthy seeds

Use clean equipment.

Store as dry and cold as 
possible.

Make sure seeds
are surface dry.

Do not keep seedlots in 
store longer than you 
expect them to maintain 
high vigour and viability 
(if  they can be substitut-
ed with fresh seed lots )

Ensure sufficient oxy-
gen supply to recalci-
trant seeds.

Separate recalcitrant 
seeds physically e.g. by 
mixing the seeds with 
vermiculite.

Always use clean, steri-
lised, germination boxes.

Germination in ver-
miculite, sand and fold-
ed paper will limit the 
spread of  fungi during 
the test.

Surface sterilise seeds 
before the test.

Optimal germination 
conditions and effective 
pretreatment will result 
in the shortest possible 
germination time.

Low night temperature 
can limit fungal growth.

Remove obviously dead 
and decaying seeds dur-
ing the test.

4. FUNGICIDE TREATMENT

In most cases preventive measures, as mentioned above in chapter 3, make chemical treatment redundant. 
In Denmark and other European countries the number of  fungicides that are allowed by the authorities is 
decreasing. Prevention of  problems and development of  alternative environmentally friendly methods are 
therefore in focus. There are however still situations where no alternatives to fungicides have been found. 
If  for example, seeds are heavily infected with seed-borne pathogenic fungi and these are likely to cause 
damage during storage or germination, treatment is probably useful. Further, if  seeds are to be exported, 
treatment may be necessary for phytosanitary reasons (see chapter 5).

Basic requirements of  a seed-treatment chemical are, according to Agarwal and Sinclair (1997):

1. Effective under different agro-climatic conditions
2. Harmless to the seed and seedling (non-phytotoxic)
3. Safe to operators during handling and sowing, and to wildlife
4. Not leaving harmful residues in plants and soil
5. Compatible with other seed treatment chemicals
6. Low price
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In practice, it may be difficult to find chemicals which fulfil all these requirements. For example most seed-
treatment chemicals are phytotoxic even when used in the prescribed dose, but may still be economically 
beneficial if  the negative effect of  the chemical is smaller than the effect of  the pathogens.

Potential harmful effect to humans should be taken very seriously, the precautions listed in table 3 
should be followed carefully.

Harmful environmental effects are subject to increasing concern, and in many countries a number of  
chemicals have been banned for environmental reasons. Mercury chemicals were formerly common seed 
fungicides, now being replaced by more rapidly decomposable and less harmful products.

Most seed fungicides are targeted to a wide range of  fungi and will affect pathogens as well as beneficial 
fungi such as mychorrhiza. Therefore it is not possible to apply fungicides together with antagonists. The 
problem may be overcome by using an instant treatment like heat or surface sterilization rather than fungi-
cides with long term effect.

Fungicides applied before storage are normally targeted only at seed-borne and potential storage fungi. 
Another fungicide treatment is sometimes applied just before sowing, targeted at the seed-borne fungi that 
may attack the germinating seeds or seedlings in the nursery.

A list of  fungicides used in the United Kingdom is given in Appendix I together with a list of  fungicides 
approved by the Danish government. Note that chemicals are sometimes sold under different trade names 
by different manufacturers in different countries. Because of  the market and use of  agricultural seeds, 
most chemicals are accompanied with instruction and dosage for application for agricultural seeds only.
Some fungicides are only effective if  they are in direct contact with the fungi. Fungi already present deeply 
within the seed will therefore escape treatment with such a fungicide. Systemic fungicides which are absorbed 
by the seed (when it imbibes water) can however reach deep seated seed-borne fungi (examples of  non-
systemic and systemic fungicides are given in Appendix I).

The effectiveness of  different fungicides to control different fungal species varies, so the choice of  fungi-
cide should also be based on knowledge about which type of  fungus that needs to be controlled.
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Table 3. Safety Regulations

1. Read instruction from the manufacturer carefully and handle the remedy accordingly
2. Use the concentration prescribed by the manufacturer
3. Never make experiments of  mixing different chemicals
4. Prepare pesticide mixtures in a well ventilated place
5. Always use gloves during preparation and application; in the case of  liquid remedies, water-proof  

rubber gloves should be used
6. Use masks and protective glasses when applying toxic fumigants, sprays and dust
7. Check and repair any leak from containers and equipment. Replace worn gaskets in equipment 

used for fumigation and spraying
8. Do not leave pesticides tmattended. Have a locked up room or cabinet specially for pesticides and 

application equipment
9. Never store food or drink together with pesticides. Kever fill pesticides into containers nonnally 

used for food and drink, e.g. coke bottles.
10. Dispose any left-over remedy safely
11. Be prepared for accidents; the universal emergency agent is water which should always be avail-

able within reach
12. Keep pesticides out of  reach of  children, -and keep children far away from pesticides.
13. Only personnel having received appropriate instruction and training should be allowed to handle 

pesticides. 

Most fungicides are applied as dry powder mixed with the seeds. This method is most applicable to seeds 
with a relatively rough surface to which the powder will adhere. For large quantities of  seed, the best 
method is to mix seed and powder by tumbling in a rotating drum. If  the seed coat is smooth, the fungi-
cide may be applied by a dip-or slurry method in which the seeds are dipped into an aqueous solution of  
the fungicide; sometimes a glue or binder is added to improve the retention of  the material. The dip and 
slurry method also assist in the absorption of  the chemical (Agarwal and Sinclair, 1997). Fungicides can 
also be applied to pelleting material. During pelleting the seeds are tumbled with an adhesive material such 
as gum arabic, gelatine or methyl cellulose, plus an inert filler such as gypsum talc, kaolin clay, limestone, 
peat or vermiculite. A fungicide powder may be mixed throughout the coating material or may be added in 
discrete layers or in the outermost part of  the pellet (Mohana and Sharma, 1991, and Agarwal and Sinclair, 
1997).
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5. PHYTOSANITARY PROBLEMS DURING TRANSFER OF PLANTING MATERIAL

In natural ecosystems, seed pests and diseases take their toll of  seed production, but they are, in turn, 
controlled by natural enemies. The number of  seed insects is for example controlled by birds and insect 
parasites. When organisms are moved outside their natural environment they are often out of  reach of  
their natural enemies. That will in the first phase normally benefit the organism. Eucalypts grown as exot-
ics often perform better in their new growth area than they did in their original area, because they have 
escaped their natural predators (Elridge et al. 1993). Swietenia macrophylla grown in Fiji is another exam-
ple of  an exotic which performs excellently as an exotic, while native plantations are heavily infested by a 
shoot borer, Hypsipyle spp. Likewise, an insect pest or pathogen which happens to be spread into a new 
plantation area, is likely to cause much more damage than in its native area because its natural enemies 
are absent. The problem has frequently been encountered in agricultural crops and often with disastrous 
consequences; the most serious probably being the Irish potato famine of  last century. Where the exotic 
tree has some innate resistance to a seed-transmitted pathogen, introduction of  such a pathogen may be 
harmless. However, if  other susceptible host species occur, related endemic species without or with low 
resistance, the pathogen may spread into these populations (Ivory and Spreight, 1993).

Seed-borne pathogens are numerous and individual seeds will often carry several species. FAO/IPGRl 
(1996) list more than 30 seed-borne pathogenic fungi and several seed-borne insects in Eucalyptus spp.

Because of  the potential danger of  introducing seed-borne diseases together with planting material, most 
countries have strict regulations on import of  seeds. The aim is to exclude exotic pathogens from areas 
where they do not already exist, and where they could cause serious problems if  they were introduced. A 
phytosanitary health certificate, which guarantees the absence of  particular pathogens normally has to be 
provided with any imported seed lot. In addition, the importing country would normally wish to verify 
for themselves that no pathogen accidentally escapes into their country. A screening of  the phytosanitary 
conditions may be performed by a laboratory. Meanwhile the seed lot is exposed to quarantine regulations. 
Some countries treat imported seeds with fungicides as a routine, or expose them to high temperatures in 
order to kill possible pests and pathogens.

A major problem of  these import treatments is partly the time span of  the screening procedure, which 
together with administrative procedures may be critical in relation to seed longevity under transit storage 
conditions, partly that seeds may be treated with large doses of  phytotoxic remedies which may impair 
seed viability.
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Appendix 1

Classification of non-systemic and  
systemic organic fungicides used as seed treatments in the UK 

(from Hassal, 1990; Soper, 1991; Tomlin, 1994; 
Whitehead, 1995; cited from Maude, 1996)

Type Family/action Group Used in seed treatment

Non-systemic Organosulphurs Dithiocarbamates Phthalimides Thiram 
Captan

Chlorinated aromatics Chlorinated nitro compounds 
Chlorinated quinones Benzo-
triazines

(Quintozene) (Dichlone, chlo-
ranil) Triazoxide

Non-systemic or weakly 
systemic

Cyanopyrroles 

Guanadines 
Azoles 

Dicarboximides

Fenpiclonil 

Guazatine 
Imazalil, prochloraz, bitertanol 

Iprodione, vinclozolin

Systemic Steroid inhibitors  
   Reduction  
   Demethylation

Miscellaneous groups

Benzimidazoles 

Phenylamides 

Morpholines 
Azoles 

Isoxazoles 
Pyrimidines 
Acylalanines 
Oxazole ketones 
Ethyl phosphonates

Benomyl, thiabendazole 
carbendazim, fuberidazole 
Carboxin 

Fenpropimorph 
Triadimenol, flutriafol tebuco-
nazole 
Hymexazol 
Ethirimol 
Metalaxyl 
Oxadixyl 
Fosetyl aluminium

List of fungicides approved by the Danish Government in 1998.  
(Source; DEG, Dansk Erhvervsgartnerforening [Ass. of Danish Commercial Gardeners], 1998)

Trade name Active ingredient

Aliette Fosetyl

Daconil Chlorothalonil 

Dithane Mancozeb 

Kumulus Sulphur

Vondac Maneb

Octave Prochloraz

Previcur N Propamocarb

Rhizolex Tolchlofos-methyl

Saprol Triforin


