Tri-Cure is the rst fully registered Trichoderma harzianum biological fungicide for the control of Fusarium, Pythium and Rhizoctonia on maize,
wheat, soybeans, bean crops, potatoes and vegetable crops in South Africa. The active ingredient, T. harzianum, is a soil borne, opportunistic
plant symbiont, which forms bene cial relationships with a variety of plant species. Members of the genus Trichoderma are among the most
frequently isolated soil fungi, making Tri-Cure an environmentally friendly alternative to synthetic fungicides. T. harzianum easily adapts and
survives in diﬀerent soil types, under a range of environmental conditions and can even survive in the presence of certain chemical fungicides.
These attributes make this microorganism one of the most practical and eﬀective biological agents in the marketplace.
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ENZYMES PRODUCED BY TRI-CURE ARE INVOLVED IN:
1) DEGRADING THE CELL WALL OF PHYTOPATHOGENIC FUNGI. The

fungal cell wall consists mainly of glucans, proteins and
chitin (Fig. ). T. harzianum produces enzymes that can
degrade all these components. The cell wall is a layer
surrounding the cell and provides the cell with both structural
support and protection. egradation of this cellular structure leads to cell death.

2) INHIBITING HYDROLYTIC ENZYMES PRODUCED BY PATHOGENS.
Most plant pathogens produce an array of enzymes that are
capable of degrading plant cell-wall components. Therefore,
F ig u re 1 : I l l u stration showing the com p osition of the f u ng al cel l wal l .
to infect the host, fungal pathogens must rst excrete these
enzymes, that not only helps the pathogen to gain access to the plant but also facilitates the adherence of the pathogen to the plant. roteases
produced by T. harzianum can degrade these enzymes and reduce the ability of the pathogen to infect the plant.
3) ROOT COLONIZATION. Intimate contact between T. harzianum and the plant root is necessary to allow the plant the full bene ts of biocontrol,
resistance stimulation and plant growth stimulation. Cellulase and xylanase produced by T. harzianum aid in the colonization of the root system,
allowing intimate contact between the biocontrol agent and the plant.
) TRIGGERING INDUCED SYSTEMIC RESISTANCE. Microorganism-associated molecular patterns (MAM s) produced by T. harzianum include
cellulase and xylanase. These MAM s are known to induce diﬀerent signals that are transported in the plant and lead to the expression of
defence proteins. These proteins are involved in the direct suppression of pathogens but also increase biochemical and structural barriers
to protect the plant from pathogen attack. amage-associated molecular patterns ( AM s) that are liberated by the T. harzianum from both
plants and fungal pathogens can also be recognized by plant receptors and activate the defence cascade in the plant.
) CHITINASE CATALYST TECHNOLOGY. This technology involves the use of a specialized SSF process that results in the production of higher than
normal levels of chitinase. The higher chitinase levels accelerates the degradation of plant pathogens in the soil thereby improving disease control.

TRI-CURE TECHNOLOGIES
SOLID STATE FERMENTATION
Tri-Cure is produced on a unique growth medium using a process called solid state fermentation (SSF). This growth medium and process allows
for the production of a high amount of viable T. harzianum spores (survival structures) that ensures a high survival rate when the product is
applied under harsh conditions. uring SSF a high concentration of several important enzymes are produced, which play a crucial role in both
the suppression of plant pathogens and the induction of plant resistance. These enzymes ensure that Tri-Cure immediately starts working on
the pathogens in the soil even before the Trichoderma spores germinate. ong-lasting suppression is noted once the Trichoderma spreads in the
soil and around the plant root.
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MAJOR PROTEINS IN PROTEIN DEFENCE
• β-1,3 glucanase

–

egrades cell walls of phytopathogenic fungi and inhibits mycelial growth.

• Protease

–

egrades cell walls of phytopathogenic fungi. Inhibit hydrolytic enzymes produced by pathogens.

• Cellulase

–

• Xylanase

–

• Chitinase

–

egrades cellulose during root colonization to penetrate the plant tissue.
Triggers induced systemic resistance in plants by increasing the ethylene pathway.
Inhibits mycelial growth of phytopathogenic fungi.
elps Trichoderma to colonise plant roots. ylan is the second most important structural polysaccharide in plant cell walls. Triggers induced systemic resistance in plants by increasing the ethylene pathway.
egrades mycelia and conidial walls of phytopathogenic fungi and inhibits mycelial growth.
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TRI-CURE – A MULTIFUNCTIONAL PRODUCT

TRI-CURE PROMOTES PLANT GROWTH AND ROOT DEVELOPMENT THROUGH SEVERAL MODES OF ACTION:

Tri-Cure controls phytopathogenic fungi through several modes of action
) M co arasitism - nce T. harzianum is incorporated into the soil, it recognises pathogens through the production of cell-wall degrading
enzymes (CW Es). These enzymes hydrolyze the cell wall of the host fungus, subsequently releasing oligomers from the pathogen cell wall.
The low molecular weight degradation products activate the Trichoderma to grow towards the pathogen (Fig.2). nce the Trichoderma comes
in contact with the pathogen it coils around and grows alongside the host hyphae (Fig. 3).

B.

A.

F ig u re 2 : M echanism

of p l ant p athog en ( host) recog nition b y Trichoderma

Figure 3: (A) Nutrient medium showing mycoparasitism of Fusarium oxysporum b y
Trichoderma harzianum, (B) Illustration of Trichoderma hy p hae coil ing arou nd its host.

Structures known as appressoria develop from the Trichoderma hyphae and enable the fungus to penetrate the pathogen via an infection peg
(Fig. 4). nce the Trichoderma has penetrated the host it can spread and kill the pathogen through the production of a range of bio-active
compounds.

Pythium
Figure 4: Illustration of an appressorium penetrating its host with an infection peg.

Rhizoctonia

1

roduction of plant growth hormones (e.g Auxin) by Trichoderma.

2

eduction in ethylene levels due to enzymatic action of Trichoderma, resulting in root elongation.

3

elease of unavailable nutrients like phosphates, iron, copper, manganese and zinc for plant uptake.

4

roduction of secondary metabolites involved in plant growth promotion.

5 Improvement of water and nutrient uptake due to better root development.
TRIAL RESULTS STRAIGHT FROM THE FIELD

Fusarium

F ig u re 5 : N u trient m ediu m showing p athog en su p p ression b y Trichoderma harzianum
and the formation of a clearing zone due to the production of bio-active compounds by
T. harzianum.

2) om etition or nutrients and s ace - The fact that Trichoderma species are among the most frequently isolated soil fungi proves its excellent
competitive capabilities. They are aggressive biodegraders and act as competitors to fungal pathogens, especially when nutrients are limited.
ue to its high growth rate and nutrient uptake capabilities, Trichoderma easily colonizes the rhizosphere of plants and therefore exclude
pathogens from this very important area.
3) idero hore roduction - Siderophores are small, high-a nity iron-chelating compounds secreted by certain microorganisms. Trichoderma
produces these compounds to sequester iron, essential for the growth and functioning of plant pathogens, and thereby reduce their proliferation
in the soil.
) Induce s stemic resistance in the lant - T. harzianum produces a range of microorganism-associated molecular patterns (MAM s) that
are known to induce diﬀerent signals that are transported in the plant and lead to the expression of defense proteins. These proteins are
involved in direct suppression of pathogens but also increase biochemical and structural barriers to protect the plant from pathogen
attack. amage-associated molecular patterns ( AM s) that are liberated by the T. harzianum from both plants and fungal pathogens can also
be recognized by plant receptors and activate the defence cascade in the plant.
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Tri-Cure Trillum results over 0 years (200 - 20

Tri-Cure control of Fusarium as an damping oﬀ root rot disease on
wheat done by the niversity of wa- ulu atal

) across various crops and 0 locations

Tri-Cure control of Fusarium as an damping oﬀ root rot disease on
wheat done by the niversity of wa- ulu atal

Graph 4: Treatment with Tri-Cure gave consistently positive results in terms of root
weights and % emergence. Tri-Cure shows
a clear ability to reverse the negative eﬀects
of Fusarium on wheat.
Combined commercial and statistical data on various crops Tri-Cure Trillum

Graph 1: Over 70 trials in 10 years sourced from combined statistical and commercial side by side trials. You can see that Tri-Cure has a very broad
spectrum of trials throughout RSA. With more than 10 years of data, we are still making a huge impact in farmers yields yearly.

Tri-Cure increase in yield as a soil drench on wheat over locations

Tri-Cure control of (Rhizoctonia stem blight) as an In-Furrow application on otatoes

,

Grap h 2 : I n al l trial s the u ntreated control
blocks recorded the highest incidences of
Rhizoctonia as seen in both the stem canker
and black scurf data. Treatment with TriCure at all rates resulted in signiﬁcantly
lower levels of both symptoms. Although
the 2x rate of Tri-Cure achieved the best
control in most trials it was not signiﬁcantly
better than the 1x rate in any of the trials.
This suggests that the 1x rate is satisfactory
although there is potential for better control
at 2 x .

Graph 5: Eﬀect on yield increase on wheat
treated with Tri-Cure over 5 locations. TriCure showed an 8.6% average yield
increase, with m ax im u m y iel d increase of
11.7% in Koedoeskop.
ntreated control

2 0 g Tri-Cure W

00 g Tri-Cure W

,

ield increase

kg Tri-Cure W

Tri-Cure Trillum trial results over 0 years (200 -20

) on maize over

locations

Eﬀect of Tri-Cure on yield increase on otatoes over trial locations

Graph 6: Over 16 trials over 10 years sourced
from combined statistical and commercial side
by side trials. You can see that Tri-Cure has
a very broad spectrum of trials throughout
RSA and Argentina. Tri-Cure shows high
stab il ity in disease control and su p p ression
throughout a large range of climatic conditions
and farming practices.

Graph 3: Eﬀect on yield increase on potatoes
treated with Tri-Cure. Over 5 locations TriCure showed a 9.7% average yield increase,
with maximum yield increase of 23.1% in
B ethl ehem .
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Tri-Cure W as a seed treatment against Rhizoctonia & Fusarium on maize in
ietermaritzburg shows germination percentage in anuary 200

Graph 7: These trial results were once again
consistent with previous ﬁndings on other
crops, demonstrating the ability of Tri-Cure
treatments to signiﬁcantly reduce the negative
inﬂuences of pathogens such as Fusarium
on maize growth. Tri-Cure treatment will
hel p control soil p athog ens su ch as Fusarium
and Rhizoctonia, allowing the plant to develop
a larger and healthier root system better
ab l e to su p p ort the g rowth of the crop
and its tolerance to abiotic stresses such as
drou g ht.

Tri-Cure W as a seed treatment against Rhizoctonia & Fusarium on maize in
ietermaritzburg shows root weight in anuary 200

Graph 8: Eﬀect of Tri-Cure’s disease suppression
and yield increase over three locations. TriCure suppresses soil borne diseases and the
plant growth promoting eﬀect leads to constant
increase in crop y iel d.

Tri-Cure control of Fusarium as a damping oﬀ root rot disease on
rybeans done by the niversity of wa- ulu atal in 200

Graph 10: Treatment with Tri-Cure gave
consistently positive results in terms of root
weights and % emergence. Tri-Cure shows a
clear ability to reverse the negative eﬀects
of Fusarium on D ry b eans.

Tri-Cure control of Fusarium as a damping oﬀ root rot disease on
rybeans done by the niversity of wa- ulu atal in 200

Graph 11: Eﬀect on yield increase on sunﬂower treated with Tri-Cure in Bethlehem.
Tri-Cure showed a 17.97% yield increase
du e to su p p ression of soil b orne diseases
and plant growth stimulation.

Biological vs Chemical fungicide on Soybeans over 0 trials, 2 countries, independent contractors,
locations, 2 years

Graph 12: In 10 trials over multiple locations,
Tri-Cure showed exceptional disease control
on Soy b eans; ou t p erf orm ing the indu stry
standard chemical fungicides. Tri-Cure
increased yield over the chemical fungicides
with an average of 171kg/ha and gave better
yield improvement in 6 out of the 10 trials.

Graph 9: Eﬀect on yield increase on dry
beans treated with Tri-Cure in Bethlehem.
Tri-Cure showed a 28.11% yield increase
du e to su p p ression of soil b orne diseases
and plant growth stimulation.

Chemical standard
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