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Summary
Interference by forest weeds reduces both the yield and the quality of
produce in coniferous plantations. Even though chemical herbicides are used
to manage forest weeds, growing political and environmental concerns have
necessitated the search for alternative methods. Biological control offers
great promise but no successful bioagent is currently available. The
bioherbicides (mycoherbicide) approach has been tried experimentally; the
merits and demerits of this method together with the special features of
forest weeds are discussed in this paper.

Introduction
Canada is a forest nation and the value of its forest products contributes
ca. $20 billion per year to the economy; the trade balance of forest products
exceeds that of agriculture, mining, fisheries and fuel combined. In
addition, forest - related industries employ about a million (1 out of 14)
Canadians and thus contribute to the well -being of its people (9). Yet
forest regeneration is lagging behind in Canada and if the present trend
continues, there will be a dearth of wood in the 21st century. Therefore,
more intensive management of forests is required. Weed control (vegetation
management) is considered necessary in the intensive management of forests,
and chemical herbicides are often found to be the most cost effective tools
(23, 26).

Unwanted vegetation (weeds) interferes with forest productivity and
reduces the quantity and quality of the produce (27). Such weeds are
controlled (largely by chemical herbicides) during nursery stock production,
site preparation, and conifer release-operations. Even though the amount of
chemical herbicides used amounts to only 0.5 -1.0% of the total herbicide
usage in agriculture in Canada (9), there is a growing opposition to the use
of chemicals in forests. Consequently, alternatives to chemical herbicides
are being sought.

Methods of Vegetation Management in Forestry
Four methods of vegetation management are practised in forestry:
1) Mechanical methods involve the use of heavy equipment to cut unwanted

vegetation. Generally this procedure is expensive and is the least
efficacious because of profuse resprouting of perennial weeds.

2) Manual methods involve the use of hired help in the form of summer
students or casual workers who cut perennial weeds with sickles or
machettes. This is again a very expensive, inefficient, and ineffective
procedure.

3) Incendiary (silvicultural) methods involve the use of prescribed fires to
scorch and burn seeds, seedlings and stumps of weed trees. This method,
again, is non -ideal because of pollution of the environment by the smoke
generated, and because subterranean parts of the perennial weeds survive.

4) Chemical methods involve the use of registered herbicides for weed
control in nurseries, site preparation, and conifer release operations.
This method is the most widely used and the most effective practice, but
chemicals are being withdrawn because of ecological and political
concerns.
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Biological Control of Weeds in Forestry
Recently, there has been some investigation of the possibility of biocontrol

of forest weeds (4, 6, 8, 11, 12, 13, 25, 26, 29). Four approaches are being

attempted by several investigators:
1. Classical strategy: an exotic biocontrol agent (insect or pathogen) is

introduced to reduce the population of target weeds. The rationale of

this method is that the host weed has no built -in defense mechanism and

thus easily succumbs to the imported parasite. Although such a procedure

(1) is popular in agriculture (e.g. control of opuntia (Opuntia vulgaris

Mill.) by the beetle (Dactylopus celonicus Green) and of skeleton weed

(Chondrilla juncea L.) by the European rust (Puccinia chondrillina B &S),

no such effective methods have been found for forest weeds.

However, there are two examples which may be closely related to

forestry situations: (a) the control of the blackberry (Rubus

constrictus Leferve /Mueller and R. ulmifolius Schott.) by the rust

Phragmidium violaceum Schultz /Winter in Chile (14); and (b) the control

of the gorse weed (Ulex eropaeus L.) by the gorse mite (Tetranychus

lintearis Dufor) in New Zealand forests. But Syrett et al. (21)

cautioned that since this mite easily hybridizes with the spotted mite,

use of this bioagent may result in a controversy.

2. The inundative (bioherbicide) strategy: involves releasing of native

parasites and their improved formulations in large numbers to overwhelm

the host weed species (3, 10, 24, 28). Generally these biocontrol agents

are specific to a host weed and can be contained within a geographic

area. Thus, the mycoherbicide (bioherbicide) approach is based on

deliberate use of natural fungal pathogens to suppress the growth or

reduce the population of a weed (28). Some success has been achieved in

employing plant pathogens for control of agricultural weeds: northern

joint -vetch has been controlled by Collego (Colletotrichum gleosporoides

f. sp. aeschynomene) -in rice and soybeans (24); strangler vine has been

controlled by DeVine' (Phytophthora palmivora) in citrus groves (20); and

the aquatic weed water hyacinth has been controlled by Cercospora

rodmanii in waterways in Florida (2). But to date, due to complexity of

the forest ecosystems, there is not a single registered mycoherbicide

available for forestry use. Some research carried out by Dutch

scientists (4) and a Canadian worker (25) using Chondrostereum purpureum

(silver leaf disease) has shown promise in the control of pin cherry,

poplar, and several other hardwood species that are classified as weed

species in conifer plantations.
3. Allelopathy is the phenomenon of suppression of growth of one plant

(weed) species by a chemical exudate of another higher plant species.

Some early work done on juglone produced by the black walnut tree

(Juglandaceae) to inhibit growth of vegetation underneath is often quoted

(22). Recently Jobidon et al. (11, 12) have experimented with straw

mulches and their extracts from barley, oats and wheat and found strong

suppression of growth of raspberries (Rubus idaeus L.). These

allelochemicals also inhibited nitrate reductase and nitrification in

soils. This is an interesting field and holds promise for future

exploration.
4. Natural herbicides: In search of more cost effective, efficacious,

selective, and environmentally safe herbicides, new strategies for

discovery are being utilized. Using natural product chemistries as the

basis, new pesticides (pyrethroids) have been synthesized. Microbes and

higher plants produce myriads of natural compounds which seem to function

as chemical warfare agents against pests. Two herbicides, Bialophos

( aminohydroxy phosphovinyl- butyryl-alanine) and its chemical analog

Glufosinate (aminohydroxy phosphovinyl-butyric acid) have recently been

isolated and adapted as natural herbicides for control of weeds in rice
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and vegetable crops in Japan and other countries (7). These compounds
were originally isolated from Streptomyces viridochromogenes and their
chemistries were refined to confer herbicidal properties. Generally,
these herbicides are used in low dosages and possess good attributes of
toxicological and environmental safety. However, the limiting factor for
natural herbicides is their high cost of production. In spite of costs,
recent findings by Jobidon (13) and Prasad (17) show that Bialaphos and
Glufosinate can suppress perennial forest weeds without causing undue
injury to conifer crops.

Conclusions and Future Prospects
The concept of bioherbicide or biological control of forest weeds by
pathogens and their products is gaining momentum and seems to be an
attractive idea. However, there is considerable variability in the organisms
and the host and much research needs to be done before their mode of action
can be fully elucidated. Also, considerable research needs to be carried out
on the formulation and application technology of these organisms;. they are
living entities, and their germination, infectivity, and efficacy depend upon
environmental factors such as relative humidity, temperature, and light (5).
Furthermore, forest weeds are often woody perennials with glabrous foliar
cuticles and large underground biomass; they therefore require special spray
formulations and application technologies (15, 16) for effective control.
Similarly, other investigators (10, 18, 19, 28) have emphasized the great
need for development of appropriate formulations and methods of application
for the success of bioherbicides. Finally, bioherbicides should not be
viewed as a total replacement to chemical herbicides, but rather as
complementary tactics in integrated weed management systems. For example,
combination of systemic chemical herbicides with bioherbicides may be more
effective in controlling woody perennial weeds than with either of these
methods alone.
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In a land of wide -open spaces, success is a question of choosing
the company'that can formulate, manufacture and distribute your product best.

Incifec
People with answers.


